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THE QUESTION

How can a community space be designed to earn its
ecological footprint?

This project begins with a building's death, drafting its ecological restoration
protocol before any design decision is made, to ask whether architecture can
earn, rather than assume, its right to occupy a site.



THE PROJECT

This project proceeds from the position that a building must earn its place ecologically before it can
claim to serve a community socially. That earning is not a gesture made at the start of design; it is

a commitment renegotiated across the entire life of the building, from the conditions that permit its
construction to the protocols that govern its eventual return to the ground.
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ABSTRACT

How can a community space be designed to earn its ecological footprint?
This project investigates that question not as a problem to be solved but
as a condition to be sustained across the building's entire life and beyond.
It proposes a design method that reverses the conventional architectural
sequence. Rather than beginning with a programme and treating ecological
impact as a compensatory afterthought, the project begins with a Death
Manual: an ecological restoration protocol specifying the conditions a site
must return to when the building's life is over. The Death Manual is the first
drawing. Every subsequent decision is held against it.

This booklet is a working document, not a resolved one. What follows traces
several parallel investigations: an ecological inventory, & reversed design
sequence, a community mapping exercise, a speculative digital tool, each
followed far enough to see where it leads, and none prematurely closed.

The gaps, the crossings-out, and the paths not taken are as much part of the
research as the findings.



The method is tested at Warwick Bushland, a 65-hectare banksia
woodland remnant on Perth's Swan Coastal Plain, selected
through a randomised hat draw that deliberately surrendered the
designer's authority over site selection. The question the project
asks is not specific to this site. It asks whether any building, on
any ecologically active ground, can demonstrate that its presence
contributes more than it takes, and whether community can be
supported by architecture without being prescribed by it (Till
2009, 48; Kimmerer 2013, 9; Mathews 2005, 40).

Drawing on Jeremy Till's argument that architecture too often
assumes the right to act on a site without earning it (Till 2009,
48), Robin Wall Kimmerer's ethic of reciprocity, which frames
ecological knowledge as an exchange rather than an extraction
(Kimmerer 2013, 2), and Cedric Price's insistence that architecture
should be designed for its own disappearance (Mathews 2005,
40), the project positions impermanence not as failure but as an
ethical commitment. The building does not arrive with authority.
It negotiates its footprint against what is already alive, already
tended, and already meaningful, and it begins by promising
what it will give back.



THE CONVENTIONAL SEQUENCE

programme design build use demolition

THIS PROJECT, REVERSED

the Manual governs every stage

the Death Manual site reading design building life dismantling

site released

restoration protocol,

held against when the restoration
written first the Manual thresholds are met
the site, held the whele way
The usual sequence, and the reversed one: the Death Manual is drawn first Figure by Authaor
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DEFINITIONS

1. Community is not just a fixed group of people bound by shared identity

or geography; it is a condition that emerges and dissolves and re-emerges
through sustained negotiation between people, place, and time. It cannot be
assumed into existence by a building, nor delivered through good intentions
alone. Jeremy Till argues that architecture cannot produce social outcomes by
design; it can only create conditions in which they might become possible (Till
2009, 84).

2, Ecology is a web of relationships between living conditions, not a stable
background state, but a dynamic set of interdependencies in constant
negotiation with disturbance and time (Kimmerer 2013, 9). Morton argues
there is no nature separate from us to preserve or connect to, only an

entangled mesh of relationships we are already acting upon (Morton 2007, 14),

3. Nature is the totality of living and nonliving systems that exist
independently of human intention, though never independently of human
influence. It is not an external backdrop against which architecture
performs, but the field of entangled relations within which any building

is already embedded. Morton argues that the category of “Nature’ as a
pristine domain separate from human activity is itself a cultural construct
that prevents genuine ecological engagement (Morton 2007, 14). Kimmerer
offers an alternative; nature understood through reciprocity, where human
and nonhuman life participate in mutual sustenance rather than extraction

(Kimmerer 2013, 183),

4. Earning place is the ongoing demonstration that a building's presence
contributes moare than it takes, ecologically, socially, and culturally. Till
observes that architecture too often assumes the right to occupy a site,
arriving with authority it has not been granted (Till 2009, 48). To earn place

is not a threshold crossed once at inception, but a condition that must be
maintained, tested and negotiated across the full eycle of the building. It
begins with a commitment to what the building will return to the ground when
its life is over.

5. Adaptation is the capacity of a building to change its use, configuration,
or meaning over time without requiring demolition or comprehensive redesign.
[t describes architecture's ability to absorb shifts in programme, population,
climate, and culture across the full duration of its life.

In the context of this project, adaptation is not merely a technical strategy for
flexible floor plans. It is an ethical commitment: a refusal to fix the building's
programme at inception, and instead to allow whatever form of community
arrives to reshape the space according to needs the designer cannot predict.

6. Negotiation is the ongoing, unresolved exchange between competing
claims on a site (ecological, social, cultural, infrastructural) that cannot be
settled by design but must be sustained across time. It is the condition

in which multiple interests coexist without one overriding the others. The
architect's role is not to resolve competing interests but to make them legible,

holding space for disagreement as a productive condition of public life (Muf
2001, 12).
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THE PROBLEM

Architecture assumes the right to occupy a site. A planning approval asks
whether a building fits its zoning, its setbacks and its height limit. It does not
ask what the ground was holding before the building arrived, or what it will
hold after the building has gone

The tools that do look at ecology measure what can be counted from above:
canopy area, habitat area, the share of a site left green. They score a design
once, at approval, and the score barely moves when a building goes in. What
they do not see is the set of relationships a site holds: which animals feed on
which plants, which roots run under the footprint, and how long each of those
takes to come back.

Restoration, when it happens, comes at the end, as an obligation nobody
drafted. By then the people who decided where the building stood have
moved on, and the cost of that decision falls on the ground and on whoever
looks after it next

Warwick Bushland shows what this looks like over time. Seventy years of
aerial photographs record the bushland being taken in pieces. What is left is a
remnant of banksia woodland held together by volunteer labour.

This thesis asks a building to answer for its ground before it is drawn: to state
what it will take, what that breaks, and how long the site will be owed once
the building comes down.




SEMESTER TWO

After the mid-semester review the question was what this does
that a BIM model, or a published habitat index, does not.

126 PLANTS, 10 SPECIES

THE CLAIM UNDER TEST

532 LINKS, ONE LINE EACH

The published indices measure the habitat a design offers. This
one measures the relationships it keeps or breaks.

28 ANIMAL GROUPS  LINKS

AJa}r_ m’h Western ringtail possum 4
SR ENE Bats 4
Sheoak Flies 4
& plants, 2 roots cut Was; 4
Red-tailed black-cockatoo &
Slender banksia Western pygmy-possum 9
9 plants, 1 removed Weevils <
Western spinebill 16
Firewood banksia Red-capped parrot g
7 plants, 1root cut Carnaby's black-cockatos 52
Honey possum 30
Haney bush Haneyeaters 43
13 plants, 1 removed, 1 foot cut
Ants 34
Black-cock 27
Grass tree Brushtail possum 13
14 plants, 1 removed, 3 roots cut
Native bees Eal
Prickly Moses Red-eared firetail 26
18 plants, 1 root ciit Clicnda 34
Beetles 37
. Emu 9
Zal d
9 pl anhﬂ'i:iﬁ:d Western rosella g
1 bronzewing ?
Silvereye 9
Coast sword-sedge .,......----""""m_'-..-c-""'; Western grey kangaroo 9
20 plants, 3 removed, 1 root cut S ! Western brush wallaby g
ot Quuokka 9
Clasping guinea flower et Chuditch 9
26 plants, 3 removed Insects e
T 40 broken, the plant is removed 39 at risk, its roots are cut 453 kept
The 532 links between the stand's plants and animals: 40 broken outright by the feotprint, 39 at risk through cut raots, 453 kept, Figure by Auther



LITERATURE REVIEW

The question of whether architecture can earn its
place, rather than simply assuming it, draws on several

intersecting lines of inquiry.

This section reviews the theoretical positions and precedent projects that
inform the thesis, organised around three argumentative threads: ecological
obligation, designing from the ending, and adaptive negotiation.

Jeremy Till's Architecture Depends (2009) provides the foundational
critique. Till argues that architecture habitually positions itself as an
autonomous discipline, exercising control over contingency in pursuit of
formal resolution. This autonomy is a fiction; buildings are always dependent
on forces, social, economic, climatic or temporal, that exceed the architect's
control (Till 2009, 48). When architecture ignores these dependencies, it
arrives on site with an authority it has not earned. This project takes Till's
critique and extends it ecologically; if a building depends on its site for its
existerice, what does it owe that site in return?

Robin Wall Kimmerer's Braiding Sweetgrass (2013) offers an answer
grounded in Indigenous ecological knowledge. Kimmerer describes a
relationship of reciprocity between humans and the living world, where taking

is justified only by giving back (Kimmerer 2013, 183).

The concept of "earning"” in this project borrows from that framing, that a
building earns its ecological footprint not through a one-off offset but through
ongoing, demonstrable contribution to the ecology it displaces. Timothy
Morton's Ecology Without Nature (2007) complicates this further by
arguing that the very concept of "nature’ as a separate domain is a construct
that prevents meaningful ecological engagement (Morton 2007, 14). If there

is no pristine nature to protect, only an entangled mesh of relationships, then
the building's obligation is not preservation but participation.

Stewart Brand's How Buildings Learn (1994) demonstrated that buildings
change fundamentally over time, and that the best buildings separate fast-
changing elements from slow ones, what Brand calls "shearing layers" (Brand
1994, 13). Brand's concern is with the building's life; this project extends

his temporal awareness to the building's death, asking what conditions the
building must create for the ecology that follows it. Cedrie Price’s Fun Palace
(1964) offers a more radical precedent. Price designed the Fun Palace as a
structure in perpetual process, one that is never finished, always adapting,
and designed from the outset to be dismantled



Price rejected the assumption that a building's value lies in its permanence,
framing his creativity as sustained by a delight in the unknown (Mathews
2005, 81). The CTRL+Z studid's framing of architecture as duration rather than
object draws directly on this lineage.

lan Ritchie's Ghost Barn (2023) provides a contemporary precedent. The
Ghost Barn reinstates a vanished agricultural building as a Corten mesh
structure with no foundations, no columns, and no programme, just a form
between architecture and absence (Ritchie 2024, 54). Ritchie invokes the
Japanese concept of ma, essential emptiness, describing a space that gains
substance from what it withholds rather than what it contains. This resonates
with the current project's refusal to fix the building's function in advance.

Muf architecture/art's practice of working "with rather than for" S L BRAMD
communities informs the negotiation stance of this project. Rather than . Pemsinw
arriving with a predetermined programme, muf's method makes visible T
the competing claims on a site, holding space for unresolved tension as a H:n:_ﬂ'g ot
productive condition (Muf 2001, 12). Jack Kirne's concept of "strays" adds e e EEE

a further dimension; those who exist outside dominant systems perceive the oy o
limitations of those systems precisely because they inhabit the margins (Kirme Vre

2020, 1). Warwick Bushland is itself a kind of shadow place, a remnant ecology e A4S A wmad

maintained by invisible volunteer labour, surrounded by a suburb that largely

ignores its ecological significance Reading notes. Drawing by Author,

The building owes the site more than it takes, that the obligation is ongoing
rather than one-off, and that the architect arrives last, not first



POSITION

Jeremy Till argues that architecture depends on forces it does not contral,
and that its claim to autanomy is a fiction (Till 2009). This project extends
that dependence to the ground: if a building depends on its site to exist, it
owes the site something in return.

Kate Raworth draws an ecological ceiling an economy must not overshoot,
and Jason Hickel argues for taking less (Raworth 2017; Hickel 2020). The
Death Manual applies a ceiling to one building; 2 dig no deeper than 300 mm,
a footprint that keeps the structural root zones, a site held until what was
taken flowers again

Aileen Moreton-Robinson shows how ownership in Australia rests on a
possessive claim to land (Moreton-Robinson 2015), and Val Plumwoed how
the living world is treated as background to human purpose (Plumwood 1993)
Both ask who decides. Here the architect does not decide alone: the records
of the plants and animals set terms the design has to meet.

Timothy Morton and Anna Tsing describe a world without a separate nature,
only entangled relationships (Morton 2007; Tsing 2015). The plugin draws
those relationships, a plant to the animals that use it, so that a footprint is
read by what it breaks, not only by what it covers,

Robin Wall Kimmerer describes taking as justified only by giving back
(Kimmerer 2013). That is what earning means here. It is not decided by the
architect or the developer but by the ground: a building has earned its place
when what it took has come back.



THE PLANTS
126 on the stand, 10 species

THE ANIMALS
28 groups, 532 links
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SIGNIFICANCE

Architecture routinely assumes the right to occupy a site. Planning approvals,
client briefs, and professional conventions all proceed from the premise that
a building's presence is justified by its programme, its economic return, or

its social utility. What is rarely asked, at any point in the design process, is
whether the building has earned the ecological ground it stands on, and
what obligation it carries to return that ground when its life is over.

This project identifies a specific gap in the discipline's engagement with
impermanence. Stewart Brand demonstrated that buildings change over time,
and that the best buildings separate fast-changing layers from slow ones
(Brand 1994, 13). Cedric Price proposed structures explicitly designed for

their own dismantling, framing his creativity as sustained by a delight in the
unknown (Mathews 2005, 81). Neither extended this temporal awareness to
the building's ecological afterlife, to the question of what the ground becomes
once the building is gone. Brand is interested in adaptation during the
building's life. Price is interested in dismantling.

t to the final reclaim. Drawing by A

Right: frem the built foatprin

This project occupies the gap between them: what the ground itself
inherits, and what the building owes it, after both adaptation and dismantling
are finished,

The significance lies in reframing ecological obligation as a binding

design constraint rather than a compliance afterthought The Lifecycle
Visualisation Tool draws the ecological cost of a proposal befere the proposal
is built, removing the most reliable defence in the architect's repertoire, which
is plausible ignorance. Once species count, canopy loss, soil disturbance,

and reversibility are visible on the same screen as the footprint, the guestion
stops being whether the ground can be afforded and starts being what has
to be claimed to make losing it acceptable. The Death Manual goes further.

[t does not just make the cost legible. It binds the building to a restoration
commitment drafted before the first |ine is drawn, and holds the building to
that commitment for as long as it stands. A developer chasing a quick return
cannot quietly absorb the ecological debt into a consultant's report and move
on. The debt is on the title. The tool will not generate a design strategy that
fails the ledger, and the Manual will not release the site until the restoration
thresholds are met.
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This is not a refusal of development. It is a refusal of the version of
development that treats ecology as a line item to be negotiated downward.
The tool and the Manual together propose that if a building cannot be built
without breaking the ground that holds it, then the building should not
be built. And if it can, then the terms of that building are not the architect's
alone to set. The project also refuses to prescribe community. Community
spaces are typically programmed in advance by designers who assume they
know what a group of people needs.

The question is not how to create community through architecture, but hew
to avoid overwriting the community that already exists, in volunteer
labour, in informal use, in the relationships people have already formed with
place.

If architecture is to take ecological obligation seriously, it must begin not
with what it wants to build but with what it is willing to give back. The
Death Manual is that first gesture of willingness, drafted in advance and held
to account.



METHOD

This project tests whether architecture can begin with the end. The method is not a sequence but a set of overlapping operations,
each one designed to keep the ecclogical argument legible across a different register: site, drawing, diagram, tool, and image. The

work proceeds through five operations.

The first is the surrender of authorship. The site was selected by a hat
draw from ten banksia woodland remnants on the Swan Coastal Plain, The
draw was not a gimmick_ It was a methodological position: if the project
argues that architecture must negotiate rather than impose, the site selection
had to enact that logic from the outset. Warwick Bushland was the card
drawn, and the project began with a site it had not chosen.

The second operation is reading the site. Warwick Bushland is documented
through four parallel exercises: a photographic inventory of the banksia
woodland community, a mortality timeline tracing seventy years of subtraction
from aerial photographs, a ground-cover comparison scoring the bushland
against twelve surrounding land conditions, and a capacity map reading the
site as a forensic autopsy of what it still holds.

The site is read for what it has already given and what it has left to give,
and the readings are held against the Death Manual's restoration thresholds
before any architectural move is proposed.

The third operation is the drafting of the Death Manual itself. This is

the project’s central reversal. Rather than treating ecological obligation as
something a building offsets at the end of its life, the Manual is drawn first,
as a binding restoration protocol that the building must answer to from
inception. The Manual specifies the species assemblages, soil conditions, and
hydrological patterns the site must return to once the building is gone. Every
subsequent design decision is constrained by it.

The fourth operation translates the Manual into material consequences.

The Deconstruction Manual isolates six techniques (shallow footings,
mechanical timber joints, sacrificial ground layers, lift-clear roof panels,
disconnectable steel columns, and extractable foundation grids) that
any building on this ground would have to engage with to leave the site
recoverable. These are not a code. They are the minimum mechanical
conditions the Death Manual requires.

The fifth operation is the development of the Lifecycle Visualisation
Tool. The tool ingests site data through sensor inputs, processes it against
ecclogical parameters drawn from the Manual, and returns a real-time
envelope of permissible architectural moves. It does not generate designs. It
makes the ecological cost of a decision visible before that decision is made.
Following Dunne and Raby's speculative design framework, the tool opens
debate rather than closing it with solutions (Dunne and Raby 2013, 6).



MID REVIEW FINAL REVIEW
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Across all five operations, the representational language remains deliberately unresolved. Glitch imagery, datamoshing, and the central voids of the collage
method keep the architecture provisional, because the project's argument only holds if the building stays answerable to the ground.

The semester-one method week by week, from topic exploration to the final review. Drawing by Author.



THE METHOD
Architecture assumes the right to occupy a site. This thesis

asks a building to earn its place, and to keep earning it for
as long as it stands.

In semester one the Death Manual was written before the building. It caps excavation at 300 mm, sets floors for canopy and ground cover and a ceiling on weed
load, and holds the site until the restoration is done. It is read in three states: the End, the Life and the Beginning. It set the terms a building has to meet, but it
could not draw one.

YEARS FROM CONSTRUCTION

AS BUILT

_ re{easEd' o :

released, year 79

MOVED 5 M EAST ONTO PADS

YEARS

50 79 94 100

o

How lang the site is owed after fifty years, as built and on pads. Figurs by Author.



THE DESIGN COMPANION

Semester two put the Manual in the drawing. The Design Companion is a
Rhino plugin with each plant's record, its roots, growth, flowering and the
animals it feeds, so a footprint is read by what it breaks.

The recorded stand with a building's massing in place
Author,

Render from the plugin. Figure by



A BOX ON A BLANK FILE AND ON THE WARWICK STAND

Framing: the gap

When modelling in 3D, one typically starts with a blank file and begins the design process without any feedback from the
surrounding environment. The proposal lets the designer see the consequences of their interventions in real time.

@ Carnaby's black-cockatoo
3 of 53 links cut -

/ - - A honeyeaters
/ 3 of 43 links cut

wpa native bees

abox, 15x 1 m
| Y bof 91 links cut
quenda
4 of 34 links cut
13
(1) Topay PLANTS REMOVED ROOTS CUT (&) LINKS BROKEN

a blank file 10 plants 9 plants 40 severed
nothing answers inside the footprint roots reach under the box 39 more at risk
the box |s ed on an empty grid a slender banksia, 8 m tall 2 sheoaks, 15 m tall of 532 links between plants
the file holds no site a grass tree, a zamia, a honey bush  a firewood banksia, 7 m tall and animals on the stand

3 grass trees and 3 smaller plants

(1] 5 10m



MOVE, CONSEQUENCES, ALTERNATIVES, NEXT MOVE

Framing: one design move

Negotiation is a fundamental part of the process. It makes the interconnections between different systems visible. The app doesn't
just say no. It suggests changes and other ways around the user's goal, like material substitutions and form adjustments.

@ A MOVE

a 15 x 11 m box
on a slab cut 600 mm
placed on the Warwick
stand by the designer

@ THE NEXT MOVE
25 links severed

7 plants removed
5 fewer links severed
than the first mave; the tree
it takes is a 15 m sheoak
-+

CONSEQUENCES SHOWN
40 links severed
39 more at risk

of the stand’s 532 links
between plants and animals
10 plants removed, 9 more
with roots under the box

(3) ALTERNATIVES
5 m east, on pads
other ways around the goal
move the bax 5 m east,
stand it on pads at 300 mm
in place of the 600 mm slab cut



USERS, LIVING SYSTEMS, PEOPLE NOW AND LATER

Framing: who the tool is for

The stakeholders of the Design Companion extend beyond its human users. People are stakeholders too, now and in the future,
because they depend on these systems.

WHADJUK NOONGAR
CUSTODIANS
animals Leeuwin is on Whadjuk
Noongar Country.

Custedians are
rights-holders, not clients.

o now later
1 The tool does not
% » i speak for them.
el S n
soil —=
water —*
n at

DIRECT USERS WHAT IT REPRESENTS PEOPLE
designers, planners living systems now and later
communities who read its record stakeholders in the design they depend on these systems
test proposals and see their plants, animals, soil, roots, water people are stakeholders too,
likely impacts before anything with their own needs and now and in the future
is built conditions for survival




A WALL AND A PLANT, EACH WITH ITS DATA

Framing: green BIM and eco-BIM

Existing green BIM brings environmental performance into early design and measures the building. Eco-BIM extends this to the
plants, animals, soil and roots that the building affects.

ECO-BIM the huilding, and the plants, animals, soil and roots it affects

GREEN BIM energy, thermal, rating schemes, cost

L 'S
Mﬂ‘k‘m Carnaby's black-cockatoo
= A~
s honey possum
western spinebill
&% native bees

rammed earth, 150 mm

r
| cluster roots near the surface
gray sand over yellow leached sand
cork insulation, 50 mm L coffea rock
- |™— Gnangara Mound aquifer
o
rammed earth, 150 mm
i {~— roots down to groundwater
plant &t 1:330
e wallatls
350
THE WALL THE PLANT
insulated rammed earth slender banksia, Mangite
350 mm in three layers 8 links to animals
R 1.55 m*K/W, U 0.64 W/mK 8 m tall, roots to 9 m
606 kg/m®, 54 kg CO2e/m* embodied flowers October to February
97% recyclable by welght also western pygmy-possums, ants and weevls
Wall: the plugin's insulated rammed earth assembly and its computed figures: Plant: the slender banksia record, sourced values only. Green BiM fields: Chang and Hsieh 2020, Lu et al. 2017, Figure by Author






THE SITE

Warwick Bushland

The test site is Warwick Bushland, a 65-hectare banksia woodland remnant on Perth's Swan Coastal Plain. It was drawn from a hat, so | did not choose the
ground the building has to answer to.

Watercalour from the plugin, birds and plants to scale

Western spinebill and New Helland honeyeater feading at slender banksia



PLANTS AND ANIMALS

Every species on the site is tied to others

The slender banksia alone feeds five of the

seven animals here. The honey possum eats

only nectar and pollen, from the banksias ‘

and the grass tree. Clear one patch and U Kl e
animals that range well past the building

lose food.

o e

»

NATIVE BEES|

JARRAH SHEQAK SLENDER BANKSIA FIREWOOD BANKSIA GRASS TREE
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HONEY POSSUM

CARNABY'S BLACK-COCKATOO
NEW HOLLAND HONEYEATER

QUENDA

EMU

= of the stand's ten plant sp
ends on it, from the sp

- : o] M
| ¥ _
ZAMIA CYCAD HONEY BUSH PRICKLY MOSES COAST SWORD-SEDGE CLASPING GUINEA FLOWER




The test ground at Warwick,

124 recorded

plants

of ten species grown forward 50 years. Figure by Auther



FIRST FLOWERS AFTER REPLANTING

as built, in years from construction

W

guinea flower sword-sedge honey bush slender banksia

51 52 54 56

grass tree

94

THE BUILDING STANDS, YEARS 0 TO 50
as built, slab cut 600 mm L

_________________________________ I I : : { ‘ released, year 94
replanted, year 50 /’

15 years sooner L
5 m east, on pads at 300 mm SR e =
______ B e o B S S S S e .releas&d,year'?Q
T T T T T T T T T T 1
0 10 20 30 40 50 60 70 80 90 100 YEARS

Years from censtruction

food plant fi

replantet



WARWICK BUSHLAND, WARWICK.

k Bushland is a 65-hectare remnant of banksia woodland en Location: o) Dominant Species: B

the Swan Coastal Plain d inside the

alup,
rth from th al If

Bush Forever Site: Groundwater:
Area; -65 S Conservation Status: Tht
Vegetation Complex: Barkzia Community

Active Care: |

Soil Type: B ndea bush ca roup)
WARWICK BUSHLAND Fire Regime: Fire




WARWICK BUSHLAND: ECOLOGICAL CONTEXT

Banksia woodland on the Swan Coastal Plain is t generj
shland, It is measurable ecalaglcal ccmmunaty wlth
testable thresholds Refeare

| 4
ce sites in Banks attenuata

in Is a measurabie subtraction from recharge

Only about 40 per cent of the crlgmal woodland remains.

= artment I the
Environment 2016) II__...|_: 1ot backgrou ||I ts. They are
the parameters any busldmg on this grcund must negotuate
with, and the figures the Death Manual is w

tten aga

true function
they o = fire th into a temporal
systern that any buuldmg on this ground would have to align
its operations with, or consciously and accountably refuse
to.




ECOLOGICAL INVENTORY: LIVING HERITAGE

he ecologi want t Warwick Bushiand is not a static catalogue of
s.peaes bu't a rc—card oi relatmnsl‘ups under pressure The banksis woodland

But invent alone isuflicient. What matters for this project is the
relanonsh:p between what persists and what degredes; here weed
necies like Ehrha alytina {veldt ) and Lupinus 8l




MORTALITY TIMELINE
A TEMPORAL ANALYSIS OF WARWICK BUSHLAND

Seventy years of
subtraction.

WARWICK
~ OPEN SPACE -

The timeline Is no
lament. It is a forensic

record of what w

with a commitment to return anything

- 1964

" 1970

@stion

the Death o
Manual asks g
of any new

roposal is -
ther

it can justify itself

15t what is already
: ation

agains
justify
ting,

1981

* 2002

™ 2026

NS



WARWICK BUSHLAND, 2002

The aerial the 2002 mortality map was drawn ove

_______Ref:]
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WARWICK BUSHLAND, 2017 WARWICK BUSHLAND, 2025

The same frame, 2! The same frame B




GROUND-COVER PERCENTAGE: CONTEXT AS ARGUMENT
and parcels from bushland core to warehouse rocf. It is not a ranking of bad actors. It is a spatlai argument
e woodland interior to 0% in the car park forty

The ground-cover comparison scores thirtee
sits inside: a suburb where native _,mmd c ps from 99% in t

about context, showing what the sit
metres

oundary

300 mts

~95% -50% -35%
~99% -BO% ~40% -~ 30%
Bushland Bushland SHS Jarrah Warwick  Warwick  Warwick  Wanneroo  Warwick Residential Warwick  Warwick Hamersley
Core Edge Bushland Trail Stadium Open Bowling  Rd/Beach  Grove Warwick Train Grove  Public Golf
Pocket Clearing /Leisure Space Oval Club Rd Shopping Station  Shopping  Course
Centre 2

Centre 1

Centre




START WITH THE END: THE DEATH MANLIAL'S THREE STATES

Conventional architectural practice runs forward. Brief, site, programme, form, construction, oceupation, and
eventually, as an afterthought, demolition. This project reverses that sequence. It begins with the ground

the building w

entually leave

2hind, uses that commitment to dis

pline the building's operational life

and

only then returns te the ecolegical conditions that determine where and how the building can be placed.

The three panels below are not phases in time. They are three drawings that must be held simultaneously
for any design decision to be made. The order in which they are read matters.

THE END

THE LIFE

THE BEGINNING

What does this site look like after the building is

gone?

THE END Is drafted first becaiise what is owed is the

& what is

footprint must support upon decommission

the design brief written b

wwards from its conclusion

What does the building look like in operation

adapted, used, negotiated with the community?

ws from that commitment Within

the building ational pe the Death Manual

governs material sal

ground cover:

structural system. Naothing is embedded in the

ground that cannot be removed without chemica

contamination. Nathir constructad above the

water table that would impede its recharge. The

building earns its place incrementally through the

ecological services It provides while standing, and

through the conditions it creates for w

comes

after (Brand 1994, 13}

What are the conditions of the existing ecology?

THE BEGINMING comes last. The existing ecologica

on, its fire history, its

" seasonal structure, and the weekly |z

riends of Warwick Bushland. is starting

paoint for form. The building does not arrive and

impose itsell It negotiates its feotprint against

what is already alive, already tended, already

meaningful. Following Till, architecture earns

nething by arriving with autharity it has not been

d (Till 2009, 48). The beginning is the |z

gra

word, because the ground gets to speak first

Following Till, architecture earns nothing by arriving with authority it has not been granted (Till 2009, 48). The beginning is the last word, because the ground gets to

speak first.



A LOOP WITH LOOSE ENDS

The Death Manual litecycle is drawn here as a closed loop, ecolegical survey "'.-""""—--__}
to design, operation to decommissioning, restoration back to survey, The
I__lll P T 1on MMmMIS il *h oraci ad AT Y. ’l DESIGN .
clean diagram is the intention. The anriotations over it are what happens when |II Aa CONSTRAINED “‘
1 1 8
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A LOOP WITH LOOSE ENDS PT2

Every node carmies a failure it was nat designed for The manual is written in 2026 for & climate
that will not be the climate of 20664, The restoration target references a basaline that is
itself & fiction, because every baseling is chosan by someone with a reason for choosing it
The community negotiates what hapgpens inside the bullding they did nat get te negatiate
the acology the manual commits to before anyone walked in, The decommissioning sequence
assumes the bolted joint installed in year one is the same bolted joint found in year forty. It

15 not

A building that scknowledges the gap between it drawn conrsctions and their rusted futire,
betweaen its restoration list and the cultural burning it cannot preseribe, between the community

It imagines and the ane that actually arrives, is not a weaker propasition. [t is a more honest one

PROPOSE NEW PERTH BUILDING REGULATIONS?

| keep circling the same thought The logic of the project is that ecological obligation should
be drafted before design, not after. That is not a pesition that belongs only to community, It
could, in principle, be written as a planning instrument, a Perth-specific clause inserted into
development contral, requiring any proposal on ecologically active ground to submit a Death
Manual alongside its DA. A binding restaration protocol with measurable thresholds, audited by
whoever holds the land in trust,

| am not sure | want to make that the project. Proposing a new building regulation turns the
thesis into a policy mockup, and the moment policy arrives, the speculative register collapses.
Dunne and Raby are clear that speculative design works by opening debate, not by delivering
finished instruments. A draft bylaw would close the debate too quickly.

| think perhaps a middle path is what would work for this project; to actually to treat the
Dieath Manual as a proposition held Up against current practice, not as a replacement for |t The
Deconstruction Manual opposite is the first concrete output of that proposition; not a cade,
but a set of techniques that any future building on this ground would have to engage with if it

DECONSTRUCTION MANUAL

SIX COMMITMENTS

Befare a spatial proposal can be made, the Death Manual demands a structural
commitment: the building must be able to leave. Not in theory, not approximately, but
completely, without leaving chemical, structural, or hydrological debt in the ground.

The six tachnigues are not individually radical. Shallow concrate footings, mechanical timber
jwints, sacrificial rammed earth \aye:s, lift-clear roof parsls, disconnectable steel columns,
and extractable foundation arids are all available methods. What is radical is requiring them
together, as non-negotiable conditions, before a design is drawn. Together they describe the
minimum mechanical conditions any proposal on this ground must satisfy.

Reversibility is not a guarantee. It is an intention made structural. A boltad joint installed
today and a bolted joint after forty years of weather, thermal mévement, and biological
colonisation are not the same object The Deconstruction Manual acknowledges this. |tis

a specification for intent, not a promise of clean removal What it refuses (s the alternative
embedding permanence into the ground without acknowledaing that permanence as a choice

31
SHALLOW CONCRETE STEEL COLUMN SACRIFICIAL RAMMED
EARTH LAYER

ol ) D O

ibad st by saing Sonles

TIMBER BEAM JOINT
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FOUNDATION GRID
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PROCESS

IN THIS SECTION
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MARCH TO MAY 2026

Tool evolution: a website prototype

In semester one the Death Manual became an app that checked a design against its thresholds. It could show the
numbers but could not draw the building, so nothing it made could be built from.

." ~ L L] e ”
o * °
v
aoenn - 65
-_ T - = = = =
= " - |
@ ‘
31 MARCH 9 APRIL 30 MAY
The iPad mock-up for the mid review, one column  The site search, typing Warwick Bushland Version 3, a React web app with Mapbox. This design scored 65, on the
for each state of the Death Manual go line
r ith stes from th nests) Br s pag aced th i



31 MAY TO 9 JUNE 2026

Tool evolution: Rhino and Grasshopper

Grasshopper sent the Rhino model to a ledger page on a local Flask server, and the ledger updated each time the
model changed. It was a definition linked to a web page, and the plan was a Rhino plugin anyone could use.

(2) : :
MAV 1 JUNE 8 JUNE

Rhino b edger page from the local Flask server At

Atlas of Living Australia records.

uilding in the Warwick mode!, Grassk

\opper

Grasshopper

47—



JUNE TO OCTOBER 2026

Tool evolution: the Rhino plugin

The plugin worked inside Rhino as a BIM tool, with the ledger and the species library docked beside the model.
About 190 of its 680 Python files called Rhino directly, so a community meeting needed a Rhino licence.

-

-

LR 1 )
i §-B-0 N

3

12 JUNE 3 Jury

Walls drawn with the plugin, with the assembly library docked on the left 1 the left of the model and the vegetation library on the




OCTOBER 2026

Tool evolution: the standalone app

By October the tool no longer needed Rhino to run. A project made in the app opens in Rhino, and the other way

round, because both read and write one file format.

@ ot e

§ ——

()

4
8 OCTOBER 10 OCTOBER

The app's home screen: the last project opened, with Open in Studio and
Download for Rhino.

shots of the-app by Authar, 10 October The plan for the app is dated B Cctobar,

10 OCTOBER
The same project open in the app's Studio, in the diagram
view,

1 NOVEMBER
Submissien
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VEGETATION

IN THIS SECTION

Species 3D models

Flowers, leaves, fruit and roots
Plans, elevations and seasons
Growth over time

Rendering and watercolour system







SEVEN SITE SPECIES

Vegetation: the plant, taken apart
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WHY THE PLANTS ARE MODELLED | THE ORDER OF THIS SECTION

Vegetation: why model the plants

WHY MODEL THEM HOW THIS SECTION RUNS

Most site plans draw Warwick Bushland as a green patch with a boundary. The A footprint breaks what the plants hold, so the plants have to be drawn as
plants inside it are what the animals live on. The banksias feed honeyeaters they are. The section goes from the species in the field to how long plants and
and black cockatoos through winter, the marri holds hollows, and the roots buildings last on one plot, and how plants grow in groups. Then each plant is
hold the sand together. A design that only sees the patch cannot see what its built up: branches, roots, flowers, fruit and the year. It ends with plan blocks,
footprint breaks. seasonal plan blocks and elevations.

So each species is modelled from photographs and from cne record of how
it lives: its height at each age, how long it lives, when it flowers and fruits,
how deep its roots go and which animals use it. Every drawing in this section
comes from that record.







ECOLOGICAL INVENTORY: LIVING HERITAGE

LNy,

m=012 m=026 m=
bud flower flow

Brt—smppert it alt ranlfieent—What-matters -for this project-is—the
relallonshlp between what perswsts and—what degradEﬂ wrhare—rread

I 0



m =012 m=026 m=040 m=054 m=068 m=084 m=100

bud flower flower spent green cone wandy cone woody cone

m=012 m=026 m=040 m=054 m=068 m=0.84 m =100
bud flawer flower spent green cone woody cone woody cane

)40 m=054 m-068 m-084 m-=-100
T spent green cone  woody cone woody cone

m=012 m=026 m=040 m=054 m=068 m=084 m=100
bud flawer flower spent green cone  woody cone woody cone



KINGS PARK: SPECIES DOCUMENTATION
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3 MARCH 2026

Vegetation: Warwick Bushland site visit




TRACK, FIRE AND BARK




o
o

PHOTOGRAPHS BESIDE THE MODELS | KINGS PARK 14 JULY, WARWICK 3 MARCH 2026

Vegetation: the species in the field

FIREWOOD BANKSIA, BANKSIA MENZIESII

IN FLOWER, KINGS PARK THE PLUGIN'S FLOWER
SPIKE

THE PLUGIN'S PLANT

LABELLED, WARWICK
TRACK



RED-AND-GREEN KANGAROO PAW, ANIGOZANTHOS MANGLESII

\\ i ‘ -
- Q\ NAY/
: . N
IN FLOWER, KINGS PARK THE WHOLE STEM THE PLUGIN'S FLOWER THE PLUGIN'S PLANT WATERCOLOUR



ONE RECORD PER SPECIES | JULY 2026

Vegetation: the species record

Each species became a record to check a footprint against: height by age, ONE RECORD, IN PART
root type and depth, flowering, the animals that use it and how it is drawn. e
The library grew fram 19 species in June to 912 in September.

id ~ banksia-attenuata

comman name Slender Banksia

The first 3D gallery, on 3 July, drew about 160 species as cones, discs and e e Borkia alternata R

green blobs. One plant could not be told from another. .
oot _type protecid

9000

hsight by age class seedling: 220, Juvenilez.ﬁmf}, mature: 8000, senescent:
7360

THE FIRST GALLERY, 3 JULY: PART OF A SHEET OF ABOUT 160 SPECIES

L] ]
1')!;;_& ié;a
B o
R 1 R
SLENDER FIREWOQOD GRASS TREE SHEOAK JARRAH ZAMIA CYCAD

BANKSIA BANKSIA



SPECIES RECORD PLAN

Slender Banksia

=== — mature height 8.0m

growth rate 350 mm a year

Banksia attenuata, Neangar name Mangite i A
.- d
ELEVATION AT MATURE HEIGHT s
.

FLOWER CARD

spike 150 x 58 mm

lifespan 250 years

canopy spread  8.0m

flower spike 150 x 58 mm, yellow
flowering Oct to Feb

protecid (cluster roots)

2=

= 2.2 m radius
— oot depth 90m
animals 8 groups ) flowering A =
\ Oct to Feb /f 1
¥ A
A \\‘____,/ M

SEASON RING
.

ANIMALS THAT FEED ON IT

Heneyeaters Western spinebill Carnaby's Heney possum Native bees
black-cockatoo

ROOTS Also in the record, no drawing yet. Western pyamy-possum, ants and weevils

Slender Banksia. Every drawing of the plant reads its values from this one record: height, spread,

flowering, roats and the animals that feed an it. Figure by Author

Full set appendix, page 293



ONE PLOT AT FOUR AGES | BUILT IN RHINO 12 OCTOBER 2026

Vegetation: plant and building lifespans

ONE PLOT AT FOUR AGES

To compare how long a building and its plants last, one plot is drawn four
times in Rhino: a compressed earth block wall with a nest box, a marri, a
slender banksia and three small shrubs. Only the age changes, at 1, 10, 50 and
150 years.

The wall stays the same in the model, but its records give it a life too. The lime
render needs renewing every 20 years, and an ordinary building is designed

for 50. The marri takes 130 years to hold a hollow an animal can use, and lives
250.

Apart from the shrubs, the building has the shortest life here. Before the marri
holds a usable hollow, the render is renewed six times and a 50-year design
life passes twice. A cut hollow tree is owed after the building goes.

LIVES ON THE SAME PLOT, IN YEARS
Kangaroo paw, a life
Conostylis, a life
Hibbertia, a life
Lime render, UV durability
An ordinary building, design working life
Marri, first hollow animals can use

Marri, average age of cockatoo nest trees

Marri, a life

- 50

220

250




WHAT THE TOOL SHOWS

Each plant grows from its record: the marri goes from a seedling at 220 mm to
a 25 m tree, and is drawn a little lower and wider once it passes 80 years and
is counted as old.

YEAR 1

&f year 1 the marri

banksia and shrubs are s

3 few centimetres to 220 mm tall

Full set appendix, pag

WHAT IT DOES NOT SHOW YET

The 150-year marri is drawn with no hollow, though its record says it should
have one. The ten-year marri has half its crown bare. The banksia recard
copies the marri's 250-year life and 130-year hollow age, which is wrong and
being checked.

YEAR 50
The shrubs I




JARRAH AT SEVEN AGES

Vegetation: growth and seasons

JARRAH AT SEVEN AGES

Trees are usually drawn mature.

This jarrah is built at seven ages: 0.68 m at one year, 1.70 m at three,
3.30 m at six, 8.02 m as a sixteen year old juvenile, then 16.22 m, 25.71
m and 24 41 m at forty, one hundred and two hundred and fifty. The last
tree is shorter than the one before it and has hollows.

| did not choose any of these ages. Jarrah's record gives a growth rate
of 350 mm a year, a lifespan of 250 years and a hollow-bearing age of
130, and the life stage model reads all three. The same three values
appear in the marri and banksia records, so they are being checked. The
curve flattens near mature height and drops back in the last tenth of its
life. Flowering first shows at forty years because it depends on size, and
jarrah starts at 35 per cent of mature height. Change the record and
the whole row redraws, so the time a felled tree takes to come back is
read from its record,

Hollows take more than a century to form in eucalypts and cannot

be replaced by planting or offsets (Gibbons and Lindenmayer 2002).
Scenario 12 in the deck runs sixty years of restoration on a cleared site
and still cannot breed a Carnaby's Black-Cockatoo.




Jarrah at five of its seven ages, from seedling to first flowering at 40 years. Figure by
Authaor,

Full set appendix, pages 338 and 339

-

1yr 3yr 6 yr 16 yr 40 yr

seedling seedling seedling juvenile adult
0.68 m 170 m 330 m B8.02m 1622 m
flowering



COMMUNITIES, NOT SINGLE PLANTS
Vegetation: grouping

VEGETATION GROUPS

Woodland plants depend on each other, so Vegetation Groups proposes
whole communities, filtered by where the planting sits (bushland interior, edge
and roads, or near water), under one of seven logics.

A structural guild fills the strata with one species per layer, from canopy to
groundcover. Root niche partition picks plants whose roots work at different
depths, so they do not compete for the same soil. Mycorrhizal network builds
around a hub plant that handles the group's nutrient exchange; the code still
uses a banksia as the hub, which is wrong, since banksias feed through cluster
roots. Nurse and fixer adds a wattle or a sheoak to enrich the scil and shelter
its neighbours. Year-round table staggers flowering so there is nectar across
the year. Fauna habitat guild is built for one target animal at every layer, and
pollinator chain keeps one pollination syndrome going across a continuous run
of nectar sources.

=N
s g arn| P
¥ B T i i 3
STRUCTURAL GUILD ROOT NICHE MYCORRHIZAL
PARTITION NETWORK

s, as the Vegetatiar

? e

NURSE AND FIXER

THE SEVEN LOGICS

Each suggestion comes with its reasoning written out, and the group keeps its
own canopy, carbon and water totals as plants are added or removed

The root drawings in the second diagram are what the root niche logic reads.
A jarrah drops sinkers towards the water table. An acorn banksia runs proteoid
cluster roots through the top of the profile to mine phosphorus from sand that
holds very little (Lamont 1982). A zamia holds a tuber, a jointed rush holds the
surface with fibre, and the WA Christmas Tree sends out haustoria to take
water from everything around it.

=
I

FAUNA HABITAT
GUILD

2 ¥ 0 ﬂe‘a

YEAR-ROUND TABLE

!?.:l?du_. ""; 5

oy

POLLINATOR CHAIN



& placed group in 3D

CLUSTERED, IN 3D

DENSE MAT, IN 3D

Two of the six arrangements In 3D on the site soil. Renders
from the plugin. Figure by Author.



THE ORGANS | 7 TO 27 SEPTEMBER 2026

Vegetation: trunks, branches, leaves and flowers

Once the records were stable, each plant had to look like its species, so a designer can see what a
footprint removes. The bole and limbs, the leaf outline and the flowers were rebuilt in turn, each beside

the last.

AlM

A trunk and [imb builder driven by the record, then
leaves cut to each species' outline and flowers
built from close-up photographs.

CROWNS, THEN LEAVES | 14 SEPTEMBER

BEFORE AFTER

i

B

=

&

EUCALYPTUS ACCEDENS

The first batch of crowns, before and after

PROBLEM OUTCOME

Trunks came out as straight sticks, and every plant

No flower is modelled without close-up
carried the same generic blade of a |eaf.

photographs of that species.

BEFORE

AFTER

kY

BEFORE AFTER

' Caa

EUCALYPTUS CAMALDULENSIS

EUCALYPTUS DECIPIENS






THE ROOT SYSTEMS | 22 JULY TO 27 SEPTEMBER 2026

Vegetation: root systems

The roots were the weakest drawings in the tool, and the thesis depends on them most, because a
building damages a site below the ground first. They went through four versions in ten weeks.

AlIM PROBLEM
Root systems drawn from each species record: tap, In July they were straight lines fanning out from
sinker, proteoid cluster roots and fibrous mats. one point, and a zamia's roots were drawn as a

cluster of icosahedra.

ORIGINAL PASS 1, TOO ORDERLY

21 lateral branches, 18,9464 faces 28 lateral branches, 2

in plan: the original, a first pass and a second pass that keeps the complexity and smooths t

OUTCOME

A root graph that branches and thins by order,
then polish passes and levels of detail, so a whole
stand can be drawn,

PASS 2, COMPLEX AND SMOOTH

al branches, 76,264 faces

m



ELEVATION

on the right. The
= footings go

PLAN, AT HALF THE SCALE



FLOWER, LEAF AND FRUIT

Vegetation: flower types

THE FLOWER TYPES

Each species with a drawing spec resolves to an inflorescence type, and each
type is drawn its own way. The plate counts the species of each type.

The plate was redrawn on 19 October against the current library. 888 species
with a flower now resolve to 41 inflorescence types. Cups lead with 90
species, then pompom heads with 70, airy panicles with 51 and funnel flowers
with 48, and a long tail of types with one or two species. Twelve of the 41,
covering 249 species, are still drawn with the same five-petal shape, so the
plate also shows where the flower drawing is unfinished.

This flora runs on a small number of flower forms, most of them built for birds
and insects that probe or brush, so a swap that looks minor on a plant list can
remove a food source. Replacing a bottlebrush spike with a daisy head keeps
the species count and the native tick, and it changes who can feed.

FLOWER, LEAF, FRUIT

Each species is reduced to three parts and set in a column, so the differences
between close relatives are easy to read. Banksia attenuata, Banksia menziesii
and Banksia ilicifolia share a genus and differ in all three.

The flower types on the right page are also drawn from the front, side and
top. Building them this way caught errors | would not otherwise have found.
A flower can be right from the front and collapse into a line from the side, and
the side is the view a bird on a branch gets. Two of the organ builders were
sizing geometry from the width in the spec and silently dropping the length,
which put whole genera at the wrong proportion until the three views sat side
by side.



41 TYPES ACROSS 888 SPECIES WITH A FLOWER, THE LIBRARY ON 19 OCTOBER 2026

|
cup pompom head airy panicle funnel flower catkin spike simple umbel
90 species 70 species 51 species 48 species 45 species 47 specias
petal flower pea flower bell spikelet smoke panicle spider raceme
41 s 318 species 35 species 31 species 28 species

o



FOUR OF THE SIXTEEN ADDED SPECIES | 1 AND 2 OCTOBER 2026

Vegetation: the library, a selection

Each plant is drawn through its growth stages and seasaons, and as flower, FINDING
fruit, leaf and roots. The facts under each name come from its record: mature
height, root depth, flowering and the animals that use it. A footprint is
checked against these. This set is Anigozanthos manglesii, Banksia ilicifolia,
Baumea articulata and Conostylis aculeata.

Conostylis aculeata, a 0.3 m herb in this set, turned out to be the template
record the batch scripts copied. 241 species carried its carbon, water and |eaf
area, and 354 its 12-year life.

The 241 were recomputed on 25 September, with the record generator
calibrated against 31 hand-researched WA natives.

1 RED-AND-GREEN KANGAROO PAW (NOLLAMARA)

I

N A A W W

GROWTH STAGES, SEEDLING TO OLD PLANT THROUGH THE SEASONS




2 HOLLY-LEAVED BANKSIA

FLOWER, MUCH OF THE YEAR

LEAF LAID FLAT, TRUE PROPORTION
GROWTH STAGES, SEEDLING TO OLD PLANT

FRUIT

ROOTS, TO8 M
THROUGH THE SEASONS



THE LIBRARY FROM ABOVE | 24 SEPTEMBER 2026

Vegetation: plants in plan

PLAN SYMBOLS
A footprint is decided in plan, so every species can be drawn from above. On the right, four species run through the plan styles, from a bare outline to a
The plan symbol reads the same record as the elevation: crown spread, leaf filled and shaded crown.

texture and whether the plant is in flower.

®» & © 8 0 O

BANKSIA ATTENUATA BANKSIA MENZIESII EUCALYPTUS MARGINATA  CORYMBIA CALOPHYLLA  XANTHORRHOEA PREISSII MACROZAMIA RIEDLEI
-
. . . | |l ‘ .
L
| -
ALLOCASUARINA HAKEA PROSTRATA KINGIA AUSTRALIS ANIGOZANTHOS MANGLESII HIBBERTIA HYPERICOIDES ACACIA PULCHELLA
FRASERIANA



SIMPLE HAND-DRAWN DUOTONE COLOUR-CODED |ILLUSTRATED WATERCOLOUR STIPPLE TICKED
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EUCALYPTUS MARGINATA [N )
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BANKSIA ATTENUATA H
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XANTHORRHOEA PREISSII

ANIGOZANTHOS FLAYIDUS >

Four species through the eight plan styles, frem outline te full erewn, each symbal fitted to its cell. Figure by Author

Full set appendix, page 328



SEASON RINGS AND MONTH STRIPS | 24 SEPTEMBER 2026

Vegetation: the year in plan

MONTH STRIPS

The same year can also run as a strip under a plant, month by month, with the six Noongar seasons
underneath. Two versions were tried, one for a plant in flower and one at leaf-off.

JAN FEB

APR MAY

FLOWERING

B,  —)

NOONGAR SEASON BUNURU DJERAN MAKURU DJILBA KAMBARANG BIRAK

The year as a strip, in flower



SEASON RINGS

A ring around each symbol shows the manths the
plant flowers and fruits, so a plan shows food by
month.

Four species with the year drawn round them

Full set; appendix, page 336



MODEL, ELEVATION, PLAN AND ORGANS

Vegetation: four views

FOUR VIEWS

Each species is built as a 3D model and as an elevation with foliage and a
measured height, 1.5 m for the wattle at the top of the sheet and 5.0 m for
the two below it. Its flower and fruit are then drawn separately at a larger
scale.

The flower and fruit get their own drawings because their shape decides
which animals can feed. A pea flower, a bottlebrush spike and a cup are
three different things to a bird with a curved bill. Fruit type affects which
animals eat it, and when. A long pod, a hard follicle and a fleshy capsule are
not interchangeable in a planting schedule, even when the plant list marks all
three as native.

Drawing fruit at this size is also how a long-running error showed up. Forty-
eight species were building a dry capsule where the plant makes a woody
gumnut. Nobody notices that at canopy scale, but it changes what the plant
is worth to a cockatoo.

The elevation has its scale bar and height on it, so it can sit beside a building
section at the same scale.

SPECIES BY GROWTH FORM

Three rows at mature size on a shared ground line, grouped by growth form:
trees, then shrubs, then grass trees, cycads, sedges and herbs.

The plate is used as a check. A species that is too tall for its neighbours,

too dense, or the wrong green shows up here straight away, where it would
pass unnoticed in its own frame. The worst bug in the library was caught

on a sheet like this. A stray condition in the growth form code had 64 of 76
species drawing a phantom grass tussock on top of their real body, a saguaro
included. Each one locked plausible until they were lined up together.



30m

8m
/m
&m
Lm
25m I .
1.6ml5m i
v 12m0.6m
] * " - - 4 8
Hnlly-ieaved Woolly Prizl:kly
Banksia ‘ Bush Moses
Sheoak Firewood Grass Zamia
Banksia Tree Cycad
Slender Christmas Honey Yellow
Banksia Tree Bush Buttercup

Twelve species at one scale, each at its recorded mature height on one ground line. Watercolour elevations from the plugin. Figure by Author

Full set appendix, page 322



WATERCOLOUR AND GOUACHE | 25 SEPTEMBER TO 10 OCTOBER 2026

Vegetation: watercolour rendering

METHOD

The first watercolour in the tool was a vector wash: flat tinted shapes with a
soft edge. On 25 September it was set aside because it looked nothing like
watercolour, and the painter was rewritten to work pixel by pixel.

From the references: a wash is one shape of pigment. Where two glazes
overlap the edge stays hard. Highlights are paper left bare, and the shadow is
a cool stain on the ground.

PLANTS, 25 SEPTEMBER

CORYMBIA FICIFOLIA ACER PALMATUM

Full sst appendix

JACARANDA MIMOSIFOLIA

The plant painter does six things: a wet edge warped by noise, pigment
pooling darker at the rim, soft blooms where the wash is still wet, two or three
glazes laid over each other, granulation where the pigment is heavy, and a
cold-press paper grain under everything.

QUERCUS PALUSTRIS EUCALYPTUS MARGINATA



PLANTS THROUGH THE YEAR

W N
Al
3
Week 17, April Week 37, September Week 51, December Week 7, February, the next year
Djeran Djilba Birak Bunury
Leaves only. In flower. Flowering over. Seed heads on dry stems.
No flowers recarded. Flowers recorded July to November. Stems drying. Seed recorded January to March.

The red-and-green kangarco paw at four weeks, each painted from its record: leaves only in April, flowers in September, going over in December and seed the next February. Figure by Authar
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What lives under the ground







WARWICK STAND | 532 LINKS

Animals: the web over the ground

—












Animals: named in the plant records

Each of the 912 plant records names the animals that use it. Ranked by count,

the list shows which animals a clearing touches most.

RANKED BY THE PLANT RECORDS THAT NAME THEM

The numbers count recerds. The blue-banded bee stands for all native bees,

so it carries the 648 species that list the guild.

_______J=}]

Blue-banded Bee WAB w648

Christmas Beetle ’_ 408 stands for the bes

Australian Painted Lady w— 324 |stane
Bull Ant ee—e w189 stinds for the a
Western Spinebill “%, == 109
New Holland Honeyeater “Say,_ == 103
Carnaby's Black-Cockatoo gy, = 92
Native Bee 88 = 72 <tands for the solitary |
Hoverfly agues = 54
Motorbike Frog ,- 34 stands|for the frogs
Australian Ringneck %, = 31
Brushtail Possum Mg » 23
Jewel Beetle e » 16 stands for the de:

Emu ".6

Western Ringtail Possum “g§._ | 3

Fence Skink —— | 3 stand




WHO IS NOT HERE

Where a record names a group, such as honeyeaters, parrots, small birds,
waterbirds or reptiles, no body is drawn, since that would mean inventing a
species. Six named animals have no model yet and are left off

g -
Groups are counted but not drawn. An animal without a reviewed model is left ~ CARNABY'S BLACK-COCKATOO
off the page.

WESTERN RINGTAIL POSSUM

—

EMU FENCE SKINK, TWICE THE PAGE SCALE

99 m—



26 AUGUST TO 7 OCTOBER 2026

Animals: the fauna models

The animals came last. They began as painted shapes in the live view and The first birds were flat painted shapes seen from above, and the first legs
became jointed rigs, each checked against photographs, with food and were tubes with no joints.
behaviour read from its record. With them a footprint can be read by which

animals lose food. An animal without a reviewed model is |eft off the page. No similar species is

drawn in its place.

THE NUMBAT'S LEGS, FROM THE SIDE

OLD TUBES NEW JOINTED RIG

I 00



Watercolour painted from the rigs, so every animal with a reviewed model can

be drawn.

OCTOBER: THE RIGS, PAINTED

AUSTRALIAN MAGPIE NUMBAT QUENDA (BANDICOOT)

107 —



Animals: nests and tree hollows

HOLLOW AGES
The tool reads the age of a jarrah or marri from its

trunk. Its records give 130 years to a usable hollow
and 150 to one a black-cockatoo can use. The WA
Museum puts it at 209. All are longer than a fifty-
year building.

Of the 375 animal records, 39 nest in hollows:
parrots, cockatoos, owls, kingfishers, possums,
gliders, antechinus and bats. In the garden three
share one marri trunk.

MNESTS IN THE RECORDS
Every nest record says what it is made of and

where it sits. The New Holland honeyeater builds
a cup of bark and grass bound with spider web in
a bush, so clearing the shrubs clears its nest. The
frogmouth lays on a thin platform of sticks.

The nest box on page 103 is what a building can
give back while a hollow takes over 130 years.

A top entry, the DBCA guide notes, keeps out
bees, galahs and corellas, which otherwise take a
cockatod's hollow.

Every hollow is drawn as the same round hole,
though the records give a wide entrance for the
cockatoo and a spout or knot for the ringneck.
Nests in dense crowns, like the magpie's, are not
drawn,

_____Riopi

SHARE OF JARRAH AND MARRI WITH A USABLE HOLLOW,

BY TRUNK DIAMETER

under 50 em = 5%
50 to 70 cm == 20%
70 to 100 cm 45%
over 100 cm 75%

0% 75¢ 50% 75 100%

130 years: first hollows animals can use
150 years: large enough for a black-cockatoo
209 years: the WA Museum figure

t jarrah and marri with 2 able t

TAWNY FROGMOUTH: A PLATFORM OF STICKS

NEW HOLLAND HONEYEATER: A CUP

WESTERN SPINEBILL: A CUP



THE ECOLOGY FAMILIES, 9 OCTOBER 2026

Animals: habitat fittings

HABITAT FITTINGS AS BUILDING ELEMENTS
Of the library's 24 furniture and fitting families, ten

give something back to animals or the garden that
feeds them: a bee hotel, nest box, microbat box,
bird bath, frog pond edge, beehive, compost bays,
worm farm, raised bed and rainwater tank

They are placed like any other element and
scheduled with the building, so what it gives back
is counted with the rest. Each family has 10 to 16
settings.

WHERE THE DIMENSIONS COME FROM
Each family records where its dimensions come

from, because most catalogues do not cover them.
The bee hotel follows Aussie Bee and Bush Blitz:
holes of 3 to 10 mm, 100 to 150 mm deep and not
drilled through. The bird bath follows a 2 to 3 cm
margin for honeyeaters and finches.

Full set: appendix, page 364

BEE HOTEL

380 x 205 x 418 mm

THE SCHEDULE AT DEFAULT SETTINGS
All ten drawn from the p

NESTBOX
270 % 250 % 660 mm

carban are the values each family reports to the schedule

MICROBAT BOX
430 x 120 x 770 mm

ugin's own families at their default settings, In the same axenometric and light;

sizes, costand

FITTING SIZE, MM COST, AUD CARBON, KG
CO2E
Bee hatel 3B0 x 205 x 418 72 5
Nest box 270 x 250 x 660 85 8
Microbat box 430 x 120 x 770 85 5
Bird bath 450 x 450 x B8& 320 28
Beehive 412 x 643 x 1,043 530 43
Worm farm 534 x 702 x 805 250 18
Frag pond edge 2,000 x 3,550 x 1,450 1150 40
Compost bays 3,400 x 1,200 x 895 500 51
Rainwater tank 2471 x 2473 x 2,680 1,800 288
Raised bed 1,840 x 940 x 6465 e B

103 -



DAY AND NIGHT, 11 AND 12 OCTOBER 2026

Animals: the feeding garden

METHOD

The garden is built from the plugin's plant bodies, with anchors where each
one flowers, and the animals of the Living Field. Each animal goes to food its
record lists, in flower that week and in reach. Predators hunt as their record
says: a kookaburra drops from a perch, a kestrel hovers, a bobtail probes the
ground, Week by week it shows which plants they depend on.

The garden was set to August and September. The animals on these pages are
painted from the same rigs, each at the plant its records name.

AUSTRALIAN PAINTED LADY AT AN EVERLASTING

— 10



LIMITATIONS

Of the 912 plant records, 891 have their paollinators filled in at genus level,
and many animal records are marked indicative. The paintings show what the
records imply.

Insects are drawn many times life size so that they read at all, birds inside a
crown are hard to see from any angle, and the quenda model stands too tall
on straight legs. Bees feed deep in strap leaves where no camera reaches
them.

TTe =

RED FOX AND MOTORBIKE FROG, AT NIGHT NEW HOLLAND HOMNEYEATER AT KANGAROO PAW

The fox is introduced and listed as & predator in 119 animal records

Full set appendix, page 366

105 m—



I 105

TARSIPES ROSTRATUS, NOOLBENGER

Animals: the honey possum

HONEY POSSUM DIET

The honey possum weighs about nine grams and eats nothing but nectar and
pollen. Its record in the tool says it needs around 7 ml of nectar and 1 g of
pollen a day, mostly from banksias and Adenanthos, with eucalypts, Agonis,
kangaroo paw and grass tree as well.

A footprint that clears banksias clears most of the possum's food. The scarlet
banksia record lists it as a feeder, with nectar from June to September.

The rig was built from three iNaturalist observations and was the first animal
taught to feed. It climbs, aims its snout at a flower and holds its tongue
against it.

Its record also gives two to four young, breeding peaks in May to June and
September to October, and a life of one to two years. Foxes, cats and owls
take it. Sources: Wikipedia and Animal Diversity Web, marked indicative in the
data, to be replaced with primary sources.

FEEDING, PHOTOGRAPH

Siman Calenutt, iNaturalist, CC BY, mirrored

THE RIG AT REST, PAINTED



PHOTOGRAPH AGAINST MODEL

An audit on 12 October set the rig against three iNaturalist photographs and
scored it 55 out of 100, provisional and not approved.

SHAPE

The photographed animal has a low, smooth back. The rig narrows at the neck
and rises to a separate bump over the hips.

SNOUT

The real snout tapers finely out of the forehead. The rig reads as a flat tube.

FEEDING

The possum grips the flower close to its chest. The rig holds its paws away
from any support.

COAT AND TAIL

The adult photographed has warm rufous flanks, and the rig is one muted
brown. Its tail bends rigidly instead of hanging as a slender, flexible line
LEAVES

The scarlet banksia has since been rebuilt with broad, taothed leaves round a
squat flower head, as in the photograph.

THE SCARLET BANKSIA, REBUILT

107 e—



CARNABY'S BLACK-COCKATOO AND AUSTRALIAN RINGNECK | 11 OCTOBER 2026, PAINTED

Animals; seed eaters

METHOD
The plant painter does not yet read cleanly on

these trees. In flowering weeks it turns the marri's
cream blossom into a black mass. So the plain Rhino
models from the library pages are repainted as
washes, and the birds are the rig paintings.

The banksia keeps its old cones, which the
cockatoo's record names as a seed source, so a
banksia kept is food kept. The birds are enlarged
and placed by hand.

COCKATOO AND RINGNECK IN ONE MARRI
The marri record says it holds its seed in woody

capsules all year, with nectar from January to
April. That makes it food in every month, and in
the garden both parrots went to it as soon as they
were hungry.

The ringneck fed in the marri because its record
says seeds. The marri record does not list it. The
link was made by the feeding engine, not by the
data, and the ringneck record is marked indicative.

CARNABY'S BLACK-COCKATOO ON A SLENDER AUSTRALIAN RINGNECK IN A MARRI
BANKSIA

I 108



FEEDING GARDEN | DAY AND NIGHT | 12 OCTOBER 2026, PAINTED

Animals: predators in the feeding garden

HUNTING STYLES FROM THE RECORDS
The garden also runs at night. The red fox comes

out at night, and its record gives it frogs, lizards,
birds and small and medium mammals. It is
introduced, and the record notes it as a major
predator of bandicoots and possums in urban
bushland

Of the 375 animal records, 268 eat other animals,
and each has a hunting style that sets how it
moves when it is hungry. A kookaburra watches
from a perch and drops. A kestrel hovers with its
head still, then stoops. A bobtail and a quenda
walk with the nose down and probe.

Prey records list their predators as well. The
bobtail's gives the dugite, the carpet python, the
red fox and the kookaburra.

LIMITATIONS
The guenda rig stands too tall on straight legs and

its tail is too long. The kookaburra is native to the

east and introduced in Western Australia, which its

record notes but the garden does not show. The
camera was moved until no plant stood in front of
the animal,

ANIMAL RECORDS

Animal records

Eat other animals

List the fox as a predator
List the cat as a predator

HUNTING STYLE OF THE 268 THAT EAT ANIMALS

Ground probe

Sit and wait
Perch and pounce
Chase

Aerial hawk

Stalk and strike
Swim and forage
Dig

Hover and pounce
Soar and stoop
Web

Browse, graze, other

375
268
12
176

48

i

NANKEEN KESTREL, BEFORE THE STOOP

—

—rp———
TAWNY FROGMOUTH DROPPING ON A FENCE SKINK

QUENDA CARRYING A GRASSHOPPER

109



Animals: introduced animals and urban pressures

PRESSURES IN THE RECORDS

The records also hold pressures that arrive with people: a person walking, a
dog, a pet cat, window glass, cutdoor light and feral honey bees. The engine
adds them to a scene like an animal, so a design meets what its users bring.

A roaming pet cat is put at 186 kills a year, 110 of them native: 40 reptiles, 38
birds and 32 mammals.
CATS AND DOGS

Urban areas hold 39 to 70 pet cats per square kilometre. Fences, gates and
paths set where cats and dogs can go.

GLASS

Using US median rates, a low-rise building kills about ten times as many birds
a year as a house. Glass area and orientation affect bird strike (Loss et al.

2014).

LIGHT

Moths are drawn to a light from 10 to 30 m away, so a lit edge facing the
bushland draws them out.

ONE ROAMING PET CAT, ANIMALS KILLED A YEAR

reptiles
birds
mammals

not native

— 3

40

38

76



A DOG ALONG THE PATH

A small bird keeps about 8 m from a person and a medium bird 15 m, and
further again when a dog is along.

Most of these depend on the building and how it is managed.

WOODLAND WALKED WITH A DOG, PER CENT OF CONTROL
red dashed: brought by people

bird species, no dog 100

- 45

bird species, dog walked

bird numbers, no dog « 100

bird numbers, dog walked

25 50 75 100

Source held In the records: Banks and Bryant 2007

Full set appendix, page 342

J y

‘wer Dird species.

Dog, Walked wo

HOLLOWS TAKEN BY FERAL BEES, BY MATERIAL
red dashed: brought by people

wooden box - - 24%

natural hollow : 14%

PYC box we we = e i 5%
oo o 105 159 20 259

Saurce held in the records: Berris et al. 2020

NEST BOXES

Feral bees took 24% of timber boxes against 5% of PVC ones, and a top entry
deters bees, galahs and corellas.

17—



LEEUWIN SOIL COLUMN, WHOLE AND ENLARGED

Ground: the live section

Tuart

Slender Banksia

Rottnest Teatree

Grass Tree
Prickly Moses
Y

P _oISE I eSS e

Zamia Cycad
Prickly Cottonhead

O 3
leaf litter

A1

grey-brown organic sand ) 1 1 : = STToTTIEe 300 mm limit
B i

yellow-brown siliceous sand
Tamala caprock

pinnacled limestone

Tamala Limestone
aeolianite

The live ce

Hon of the Lesuwin soll column; plants, roots, burrows and the animals Jivin:
Figure by Author

Windows 1 to 3, each 3 m of ground, are drawn larger in the appendix, pages 386 to

R



WHO LIVES IN THE TOP METRE

burrow to

Rakali (water rat)

Bull ant colony

Moaning frog

Blue-banded bee

Bobtail skink
Ground-nesting native bee
Western banjo frog
Earthworm

King skink

Rainbow bee-eater

Christmas beetle

1130 mm

680 mm

450 mm

330 mm

320 mm

270 mm

250 mm

240 mm

190 mm

130 mm

60 mm



SOLID AND X-RAY

Ground: the live section in 3D

WHAT LIVES UNDER A PLAN

A plan shows where a building sits. The live section shows what lives under it
In the Leeuwin soil column the rakali burrow runs to 1.1 m, the bull ant colony

to 680 mm and the moaning frog to 450 mm. The ground-nesting native bee,

the banjo frog, the earthworm, the king skink, the rainbow bee-eater and the

Christmas beetle all live within the top 300 mm, the depth a slab cut reaches
first.

nots and bumows




The same section with the soil in x-ray, showing the reots and burrows behind the cut face; dashed frames 1 and 2

are the details oppesite. Render frem the plugin, Figure by Author
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ASSEMBLIES

IN THIS SECTION

Reading the ground

Walls made of the site

Layered walls and how they meet
Brick, reused and patterned

Qne room, many walls

Curtain walls

Railings, roofs and green walls

All together

Site import







STRATA WALLS AND GREEN WALLS

Assemblies: assembly types

£:

\
™~
N
N

STRATA WALLS

GREEN WALLS

ime, tray anter that

_______ Rk
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STREET FRONT

Cobiogo screen boxes with planted caps over rammed earth, from the sh

red strest madel, Render in Rhina. Figure by Authar



SOIL HORIZONS AND ROOTS

Ground: reading the ground

TEXTBOOK AND FIELD

The strata walls start from how the ground is layered. A textbook profile
shows the horizons as flat bands, cne above the other.

A pit dug in the field shows them as lenses and pockets that thicken, pinch

out and are crossed by roots and stones. The walls take this second reading:

the bands share one wave, but each lift changes thickness along the wall.

tile against the field. Reference collected 25 August 2026; source to be

0




Slender
Banksia

Prickly Sheoak Grass  Firewood
Moses Coast Honey Tree Banksia
Sword-sedge  Bush
lasping Guinea

Jarrah

Flower VO

| 300 mm limit

= 600 mm slab cut

2m

A grey topsoil
A2 leached sand

B yellow sand

$
3
o
a
J

C pale aquifer sand

9 m 40 m, continues

The ground at Warwick in section: the stand's ten species, each root system from its record, against the Death Manual's 300 mm limit {red dashed) and the 600 mm slab cut tested
(dotted) Bars mark recorded root depth, dashed where the record goes deeper than the model (* estimated, others published) Wide spreads drawn narrower Below 4 m drawn at 0.4 of
the scale. Horizons: the generic Swan Coastal Plain sequence, not strveyed at Warwick. Plants not to scale. Figure by Authar

121 —



STRATA WALLS

Assemblies: walls made of the site

FROM THE SITE SOIL TO THE WALL

01 DIG AND SORT 02 FORMWORK ON 03 FIRST LIFT OF 04 RAMLIFT 05 STRIKE THE
THE SITE SOIL THE FOOTING DAMP EARTH BY LIFT FORMWORK

pale sand lifts

shelly sand
lifts.

a O .

topsaoil, pale + clay
setaside sand loam

A topsoil, 0.to 10.cm

B pale sand, 10 to 200 cm

C shelly sand, 2m +

______ Ryl



RAMMED EARTH | FROM GROUND TO GROUND

The rammed earth in the plugin's library is
the usual WA mix: the site's earth with 6%
cement. Rammed in lifts, the wall takes its
bands from the ground it came from. Taken
down after fifty years, it can go back into
the footprint as fill, but the cement keeps it
from becoming soil again. The loop does not
quite close.

& BACK INTO THE FOOTPRINT

e e T s
as fill, under the PEER GRS zE
topsoil set aside

CARBON PER CUBIC METRE

o=
o
2
I (5.6 kg COZ2e with 6% cement 5
© A
I 75 kg CO2e earth alone 2 i
g
g
w
w
5
Q.

1 THE SITE'S GROUND
grey topsoil over leached sand

one footprint

5051

—300 mm
L
) the,

\1”’4

S
2 MIXED
earth with &% cement,
the usual WA mix

4% cement

SYII ul pauiuEd

3 RAMMED
in lifts, each one a band

‘/ﬁ‘.-, of the finished wall
o

bl
W% STANDING
fifty years, a building's
design life

5 CRUSHED
the bands survive; the cement stays in it @(‘
% \
%
W
) o,
shsq:
ands from t lug ssio strat all; carl % mix from ts materal reconds; ground, formwerk and rubble in its sectio
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LAYERED WALLS | CUT AT 1:20

Assemblies: layered and strata walls

Eight of the plugin's layered walls, each cut through at 1:20 and drawn in its own hatches, with the studs at their
centres. Red dashes mark the layers whose material record gives them less than half back when the wall comes down.

-

HEMPCRETE WALL

332 mm, 3 layers

=]

LOW-CARBON CONCRETE WALL

225 mm, 3 lay

Low-carbon concrete: landfill, 25% recyclable

w

COMPRESSED EARTH BLOCK WALL

325 mm, 3 layers

4 LIGHT STEEL FRAME EXTERIOR WALL
110 mm, 3 layers
Fibre cement: landfill, 20% recyclable

o 5 RECYCLED BRICK VENEER
215 mm, 4 layers
Building wrap: landfill, 0% recyclable

o

TIMBER STUD PARTITION

116 mm, 3 layers

~

CLT WALL

224 mm, 4 layers

8 CLT INTERNAL WALL

8" 90 mm, 1 layer

_______ Rl



A wall in the plugin is a list of layers with materials and thicknesses. The HOW THE BANDS ARE DRAWN
rammed earth wall is made of the site's soil and takes its lifts from the site's
own horizons, so the wall shows the ground it came from. The strata editor
redraws the bands by hand, and the wall tiles end to end without a seam.

The editor shows the bands of one assembly. A boundary is drawn by clicking
on it and dragging, and the wave and grain sliders set how much the lifts
move. Whatever is drawn is kept in step across the whole stack.

THE END OF THE WALL THE STRATA EDITOR

Each lift is its own solid, so it car duled and taken back out

i -
2 20 per cant, grain 19, three bands




JOINTS BETWEEN LAYERED WALLS

Assemblies: how walls meet

A layered wall is several solids side by side, one
for each material. Where two walls meet, every
layer has to stop on the right line. On the morning
of 11 October the test corners built in Rhino all
failed: the cladding stopped short of each L corner
and a partition ran into the wall it met. By the
afternoon the cause was found and fixed.

AIM

Corners where every layer turns together, and
walls that stop cleanly on the face of another wall

PROBLEM

Each piece of a wall drawn as one line stored only
the thickness of its outer layer, ? mm instead of
202. The join pass then cut every corner in the
wrong place.

OUTCOME

Fach piece now stores the full depth, and corners
mitred when drawn are left alone. Strata walls are
still not joined.

_______ Rl

FOUR MONTHS OF JOINS
12 JUN | FIRST JOINS

L and T joins found by touching sclids, in the first
geometry code.

9 JUL | MITRED LAYERS

Each layer of a polyline wall offset on its own, so
corners mitre.

20 JUL | THE THICKER WALL WINS

At a corner the thicker wall runs through and the
other trims back. T junctions added.

5 AUG | STRATA LEFT ALONE

Joins rebuilt strata walls flat over their bands, so
strata walls were taken out of the join.

8 AUG | POLYLINES LEFT ALONE

Trimming a polyline wall broke its own mitre, so
only straight walls are trimmed.

12 AUG | EXTEND, THEN CUT

Two straight walls are extended past the corner
and cut on one mitre plane.

25 SEP | JOINS ON THE SHEETS

Plan drawings mark each wall end as L, T, a run or
a free end with a cap.

11 OCT | THE FULL DEPTH

Each piece of a wall now carries the depth of the
whole assembly, and its mitred ends are flagged



L, DRAWN AS ONE LINE L, FROM TWO WALLS BEFORE: THE NOTCH

All four layers mitre cn one line. Extended past the corner, then cut on the same mitre The same marning. The lining mitres, but the cladding and
insulation stop short.

T JUNCTION T, 320 MM TIMBER FRAME BEFORE: THE OVERLAP

The 90 mm timber partition stops on the face of the lining The earth block wall stops on the lining of a six-layer wall, The stem was trimmed back by half the outer layer, nat

half the wall, sa it ran into the header
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THE LIBRARY | BRICK

Assemblies: brick, reused

Brick from the barracks buildings on the site and from local demolition goes
back into the new walls. The library reports each wall's brick by count, so a
salvaged supply can be matched to a design

PROCESS

Leeuwin Barracks
East Fremantle

\

O

QD

barracks buildings bricks salvaged on site
SALVAGE ’ .
Barracks bulldings taken —_—
down, bricks cleaned
for reuse
ve Pu
barracks taken down bricks cleaned, mortar off

«®
COLLECTION <@ @’ @ @
Bricks from local @ @

demolition, brought
in by truck

houses and sheds demoalished nearby bricks collected

______ B!

new block, Drill Hall kept

lower walls in barracks brick

upper walls in local brick



RECYCLED CLAY BRICK | TAKING A WALL APART

Fired clay brick is 60% recyclable in the plugin's record, “if the mortar joint allows clean separation".
Laid again, it is a recycled brick at 90%: "the firing carbon was spent on their first life".

@ THE WALL, YEAR 50 @ TAKEN DOWN @CLEANED AND STACKED @THE NEXT WALL
476 bricks ina 3.9 x 2.4 m face from the top, a course at a time 476, on four pallets Flemish bond with a window,
3.8 m long: 469 of the 474

year 50, the building comes down the next building

A JOINT SOFTER THAN THE BRICK
A soft joint gives first: the brick lifts out whole and clean,
ready to be laid again

—

A JOINT HARDER THAN THE BRICK
Cement holds harder than the brick: the brick breaks first,
with mortar still stuck to it, and leaves as rubble.

) %110 % 76 mm units with 10 mm joints, dr

s brick coursing engine

129 -



THE LIBRARY, PLANTED WITH LIBRARY SPECIES | 23 OCTOBER 2026

Assemblies: brick walls

Fifteen brick walls, laid by the tool brick by brick from bond and unit, with

i 1 1 1 1 1 I I 1 I
planter bricks, pockets or a coping planter in the courses. Each reports its e i e e e s s e
brick count and carbon, so reused brick can be matched to a wall. EFT T T T T T T T 7
L I | L 1 L L L L L 1
L I I I 1 1 1 I 1 1
! I I I I I I I | I
! I I I I I I I I |
[ I I I I | I I T | e N NSNS NREER!
|21 i B = = == ==l =i == (IR NNANNRNEENERRANANENREAEE)

SOLID WALLS

DOGTOOTH PLANTING WALL FLEMISH BOND GARDEN WALL RACK BOND, PROUD COURSES SOLDIER COURSES, PLANTER TOP

Dogtooth bond, 230 mm, 56 kg CO2e/m* Flemish bond, 230 mm, 87 kg €02e/m" Rack bond, 230 mm, 236 kg CO2e/m? Saldier course

I 30



LINE ELEVATIONS ABOVE, RENDERS BELOW

5 G S ) ) G 19 010 0 1 1 [Omommmommmm

SCREENS AND LATTICES

3
[ . »
w4, =
- s -
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a_® .
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HIT-AND-MISS SCREEN LONG-BRICK HERRINGBONE TERRACOTTA COBOGO BREEZE-BLOCK SCREEN

Hit-and-miss bond, 230 mm, 222 kg Roman brick 490 x 20 x40 mm, 232 kg Terracotta block, 230 mm, 287 kg CO2e/ Breeze block, 230 mm, 220 kg COZe/m*



THE LIBRARY, BUILT IN RHINO | 28 OCTOBER 2026

Assemblies: one room, many walls

One interior, rendered again with each library wall in place of the rammed
earth. The planters and the light stay the same, so only the wall changes.

RAMMED EARTH, FINE BANDS

Serpentine walls in courses, plaster ceiling, two built-in planters. Render in Rhina. Figure by Authar

______Ricy]



TWISTED BRICK

DOGTOOTH, PLANTED

w
%)



INTERIORS | RAMMED EARTH

Assemblies: rammed earth rooms

The same room with four rammed earth walls. A solid wall lets in little
daylight, so the beds hold small shade plants

1 edge planters, dry shade foliage

otta troughs, clivia and fems. Sienna strata. Corte

m— 13



INTERIORS | PERFORATED BRICK

Assemblies: perforated brick rooms

The same room with four perforated brick walls. They let daylight in, so the
beds are larger and denser.

Braeze block Precast concrete planters, kentia ¢

(%)

%3]



THE BUILDING | PERFORATED ENVELOPES

Assemblies: curtain walls

PERFORATED CURTAIN WALL

The perforations are real holes cut in the panel geometry. Hole size follows the
luminance of an image: dark areas open up, light areas close down, and from a
distance the holes read as the image.

The artwork here is the site's ground cover. Solid and open slatted bays sit
between the perforated ones, and a bay can be left out where the building
needs air instead of glass.

Every panel is a mechanically fixed sheet on a frame, which is the condition
the Death Manual puts on anything above ground, so the screen comes off in
pieces that can be reused.

s enlarged: hole size follows the artwork, dark

urtain wall with an i

ven hole patiemn, sla

ys and ape

I 35






THE BUILDING | PERFORATED ENVELOPES

Assemblies: curtain wall studies

ONE PANEL RUN, NINE STUDIES

The same five-panel run built by the plugin from
five artworks. Each study changes the hole shape,
the size range, the inversion or the panel form. The
holes are real cuts through the panel mesh.

LINO PRINT, SQUARE HOLES

the carved lines are cut Renderin Rhino, Figure by Author

_______Rict]



LINO PRINT, HEXAGONS MAGPIE, SQUARE HOLES MAGPIE, INVERTED GUM BLOSSOM MURAL, ROUND

nverted: the carved lines open Black opens, white stays solid The

GUM BLOSSOM MURAL, SLOTS PENCIL COCKATOOS, HALFTONE PENCIL COCKATOOS, FOLDED WA NATURE PAGE, ROUND

Slat holes, sloped top Round holes, size follows tone Folded

0 mm pleat Ink lines thickened, then cut
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RAILINGS AND FENCES | WHO GETS PAST

Assemblies: railings

Two railings from the plugin's library, each with the animal it stops, and the library's own answer beside it, drawn as section
perspectives at 1:50. Both hazards are graded strong in the plugin's wildlife record. On a balcony the building code caps openings
at 125 mm, so the gap for animals belongs in fences at ground level.

stainless post  stainless handrail toughened glass steel post  hardwood handrail fritted glass corten post  corten cap  corten plate, 30% open  salvaged timber post  salvaged timber rail

1,050

(1) GLASS BALUSTRADE (2) BIRD-SAFE GLASS (3) PERFORATED CORTEN PANEL (&) POST AND RAIL
97% see-through marks 5 x 10 cm 50 mm gap 400 mm gap
birds fly into it birds turn away quenda stop here quenda pass under
1,100 mm, stainfess posts and rail 1,050 mm, fritted glass, hardwood rail 1,050 mm, 4 mm plate, 30% open 1,200 mm, salvaged timber
71 kg CO2e/m 69 kg CO2e/m 42 kg COZe/m -24 kg CO2e/m, held in the timber
72% recyclable 74% recyclable 0% recyclable Land for Wildlife WA: a clear 300 to 450 mm

Ing familles; carban, recyclability and openness from its railing quantities; ha:

N 40)



ROOFS | THE SAME RAIN ON TWO BUILD-UPS

Assemblies: roofs

The same rain on two of the plugin's roofs, cut at 1:15. The iron sheds it all at once; the green roof keeps
about half in its media. Each roof carries one layer that cannot be taken back: the sarking, the membrane.

-
every drop to the

)
]
1
i
1 gutter, at once

PITCHED, CORRUGATED IRON
134 mm, shown at 18 degrees

I rain kept: none

1 Corrugated steel roofing, 1 mm

2 Timber roof battens, 38 x 25 mm, running dawn the slope
3 Timber purlins, 20 x 45 mm at 1200 mm cantres

4 Reflective sarking, 5 mm landfill, 0% recyclable

Layers, meribers, centres and recyclability fram the plugin's roof ar

I S B (5 S T e
| Al insects live in it
RS S S SR IS ) . i

RS TS S I A S S A A S (S

EXTENSIVE GREEN ROOF
361 mm, flat, on a timber deck; it cools the roof

B | rain kept: sbout half

1 Lightweight growing media, 120 mm

2 Drainage and retention layer, 30 mm

3EPDM membrane, 2 mm  landfill, 20% recyclable

4 Plywood deck, 19 mm

5Cellulose, 190 mm, between 190 x 45 rafters at 450

ullder: all at 115

!
| the rest,

1 slowly
I



GREEN WALLS | A PERTH YEAR

Assemblies: green walls

Five of the plugin's green walls through an average Perth year. Rain falls in winter and walls drink most in summer,
so even the lightest needs a tap from December to March, and the heaviest need one for most of the year.

rain on one square metre of ground of wall drinks from a tap

% = . CABLE CLIMBERS

5 3 ~ i S 40 L from a tap
% : P 292 L a year, 0.8 L a day

_ —— Yt e
.xi" e PLANTER LEDGES
- B 100 L foma tap

.i .‘- = 938 L a year, 1.2 L a day

=== = FELT POCKETS
- - 160 L from a tap
o S~ 8Layear, 151 aday

POTS ON RAILS
500 L fom atap

1095 Layear 3La

CASSETTES
780 L foma tap
4 L aday

1460 L5

_______Nb.]



PLANTERS ON THE GROUND | SECTION PERSPECTIVES AT 1:65

Assemblies: planters and banks
Five of the plugin's planters that stand on the ground, cut through its own geometry. All five are watered for as long as they
stand. Four sit on the ground and dig nothing. The meandering bed sets its kerbs and soil 300 mm down, the Death Manual's

limit.

corten trough concrete base drip line growing media corten bed wall concrete kerb drainage gravel

drip line steel legs  concrete steps growing media timber seat drip line planting soil terracotta hexagon| growing media

® ©) ® ® ®

@ PLANTER ON LEGS @ SEATING STEPS @ BENCH-EDGE PLANTER @ MEANDERING KERB BED @ HEXAGON PLANTER-SEATS
2.9 L aday 3.5Laday 4.2 L a day 3.6 Laday 1.4 L a day
digs nothing digs nothing digs nothing digs 300 mm digs nothing
par metee oF plantsr frem'a tap per mskie of plarter from a tap par thatre of planter from aitap par metrs of plantar from A tap per matra of planter, from a tap
roots held 450 mm off the ground the bad has a concrete basa a 450 mm seat on the bed edge kerbs and soil set 300 mm down every third hexagon is & seat
57 kg CO2e/m 183 kg CO2e/m 40 kg CO2e/m 35 kg COZe/m 125 kg COZe/m

o 2 S . s cut through the parts the plugin 15, water, carban and planting from its green wall and species records. Red dash yround dug

Full set appendix, page 374

143 —



GREEN WALLS | PLANTERS BEHIND MESH

Assemblies: green walls in section

=

GREEN ROOF

300 mm of soil over a concret

(=]

ROOF BUILD-UP

632 mm in all, & layers

3 PARAPET

holds the soil at the edge

E -

PLANTER LEDGE

a 600 mm planter on each storey

o

CLIMBER MESH
stainless, held 40 mm off the slab edge

o

FLOOR

CLT, 130 mm

7 WALL

recycled brick veneer, 215 mm

8 GROUND SLAB

low-carbar

crete, 150 mm

Two storeys at 3.1 m, the roof
at 6.8 m. Every planter and the
roof are watered from the building.

I 44



THE ROOF | WHAT 300 MM OF SOIL HOLDS

The seven species on the roof at 1:35, in the 300 mm of soil it gives them. Each roots deeper in its record: the red is the

root the roof has no room for. Above each, the animals its record names. Those in red walk or hop and cannot reach a
roof 6.8 m up, so the plant is there without its whole web.

COAST KNOTTED THICK-LEAVED TAR BUSH BLUEBERRY LILY
SWORD-SEDGE CLUB-RUSH FANFLOWER honeyeaters silvereye
quenda frogs native bees spinebill native bees
firatall waterbirds butterflies Carnaby's cockatoo
beetles

RED-AND-GREEN
KANGAROO PAW
honeyeaters
spinabill
heney possum

300 mm =

dack

Species from the plugin's section scene: plants, roots

i (ts species bullder and mecords

scordls, sarted by the §

wina catalogue

COAST
SPEAR-GRASS

grazers
sead-eating birds
grasshoppers
butterflies

1500 mm

145 m—



Assemblies: green walls drawn in Rhino

METHOD DRAWN TOGETHER IN ONE RHINO MODEL

Green walls and planters are drawn from the Tools
panel like walls and slabs. Each one is built from

a line or a closed outline, and the plants are real
library species placed by the tool.

The library now holds 45 types: facade systems
from cassettes and felt to cables, nets and storey
ledges, planters on rails and along paths, banks,
and brick walls laid in their bond with planter
bricks set into the courses. For each type the toal
decides how a plant sits: climbers at the foot of a
mesh, trailers over a rim, groundcovers in a pocket.

OME TYPE, THREE SETTINGS: AS DRAWN, THEN TWO CHANGES

AS DRAWN TILE ANGLE 25, BAND PITCH 600 MAIN COLOUR DARK GREEN, MIX
al | ‘ 0.04, WAVE O
—lay tile shingle bands

AS DRAWN PATTERN DIAGONAL, EVERY 5 PALETTE CREAM, PATTERN GRID,
PROJECTION 200

Brick wall with planter bricks

m— 14



NATIVE WISTERIA ON BRICK | WHO USES THE WALL

Assemblies: habitat walls

A 230 mm brick wall cut at
1:35, with native wisteria grown
to maturity on its outer face.
Its record names native bees,
butterflies and beetles.

BRICK WALL, CUT

230 mm, two leaves

THE OUTER FACE, BEYOND THE CUT

NN

NENNNNNSNN

NENN

NATIVE BEES
at the flowers, June to October

BUTTERFLIES
at the flowers

BEETLES
feed and shelter in the leaves

IN FLOWER

JFMAMJ U S O N D

To take the wall down, the vine
has to be moved first. A panel
comes off in a day; a wall carrying
a mature climber does not.

i, s

STRIP FOOTING

its base sits an the line

Wall, eoping, footing and ground in the plugin's sectior

y hatches and brick col

300 mm, the Death Manual's limit

to 800 mm, past the line

ing th vine and its roots from Its species and reot models: animals from the rig watarolours
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GREEN WALLS | FOUR SETS

Assemblies: all together

Each set puts a wall, a floor and a rocf together for one plant community at
Warwick. All four are drawn at one scale.

g

-]

2

g

s

g

3

=

:

=

=
=15
2

§

__ g

Coastal edge: MNear water; felt pocket wall, garden roaf, polished concrete, low

I 45



wire trellis, inta oof, hardweod floars; tim
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RAILINGS | PLANTED BALCONIES

Assemblies: all together

Four balconies with twao guards each, so every guard type appears twice. The
planting follows the community each one faces.

g-\

ﬁ







AXONOMETRICS | STEEL MESH AND TIMBER SLATS

Assemblies: screens on two buildings




(32
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A GARDEN PLAN | IN PLAN AND IN AXONOMETRIC

Assemblies: one garden, four plant communities

Coastal heath, with recycled brick Banksia woodland, with limestens Wetland edge, with a timber deck Jarrah and marri edge, with gravel

m— 15
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OPEN DATA AND OPEN CODE

Site import: data sources

BUILT ON OTHER PEOPLE'S WORK

The site reading is built on open data and open code, most of it on GitHub or
a government portal, and each source carries its licence into the site bundle.
This is what the Design Companion uses, what each source gave, and where
it stops,

TREES AND CANOPY
Landgate SLIP aerial

The current WA aerial at 0.2 m, laid under the model. Its free licence is for
personal, non-commercial use, so trees are taken from it only when a designer
switches that on for their own site.

Meta high resclution canopy height

facebookresearch/HighResCanopyHeight. A 1 m canopy height map from 2018
to 2020, version 2 published January 2026, CC BY 4.0. |t gives crown heights,

and misses about three quarters of young street trees.

De

weecology/DeepForest, MIT licence. A pretrained crown detector for aerial
photographs, run when installed. Without it the import uses its own canopy

peak finding.

Full set- ap

x, page 401

I 155

Satellogic EarthView

1 m satellite imagery with a near-infrared band, CC BY 4.0. It took Welshpool
from 47 crowns found by colour to 755, It does not cover Curtin.

Digital Earth Australia and Sentinel-2

Greenness, and the satellite record behind tree ages. Moving to Digital Earth
Australia cut that download from 89 MB to 0.15 MB.

OpenStreetMap

Mapped trees, roads, paths and water through the Overpass servers, ODbL.
Volunteers trace from imagery, so positions are real stems but coverage is
patchy.

Councll tree inventories

City of Perth (CC BY 4.0), Cockburn and others. Surveyed trees with species,
the only source that names a tree rather than guessing it.

READ AND SET ASIDE

detectree, d , geoai, AROSICS

Reviewed for the canopy pipeline and not adopted. They are listed because
dropping a source was a decision too



SPECIES RECORDS CITING EACH SOURCE

919, all records

FloraBase, WA Herbarium  p—— 312

DBCA o 207

Wikipedia mm 70

Plants of the World Online o 51

WHAT THE RECORDS CARRY

219, all records

an ALA identifier 463

a measured root spread e 139

r 2026, while

e bars do not add



Site import: trees

NO SOURCE IS ENOUGH ON ITS OWN

A site import starts with the trees already standing, and no single source can
be trusted to find them. The aerial photograph sees crowns but not species.
The Meta canopy height map dates from 2018 to 2020. OpenStreetMap holds
the trees volunteers chose to map, and Sentinel-2 greenness is 10 m coarse.
The import reads all of them and keeps their agreement as the measure of
confidence:

The early test on page 282 compared the sources by eye. This version counts
them.

COUNTED, NOT GUESSED

At Curtin it placed 456 trees: 84 confirmed by three sources, 121 by two, 204
by one, and 47 placed by the street-tree model where the satellite shows
living cover but no source marks a trunk. The confidence travels with each tree
into the model, so a designer can see which existing trees are certain before
deciding what to keep.

TREES BY AGREEING SOURCES

3 sources agree 84

2 SOUTCES r————— 121

1 source

placed by the street model ws wm = 47

EVIDENCE PER TREE, A TREE CAN HAVE SEVERAL

aerial photo

204

282

canopy height (Meta)

OpenStreetMap  —————————
street-tree model we e we = -l - 129

Sentinel-2 greenness e 53

Bottom, how many tre

penStreetMap 173

173

243
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SITE IMPORT

Checking the trees

CHECKED AGAINST THE GROUND FREMANTLE, 24 HAND-CHECKED SQUARES

To know how good the import is, it has to be checked against the ground. 24
squares of 40 m at three sites were labelled by hand, tree by tree. A model
trained on 46 numbers per candidate lifts the score from 64.9 to 71.6, and it is
only ever scored on squares it never trained on.

The import as it is now scores an F1 of 64.9: 52 per cent of the trees it places
are real.

The trained model scores an F1 of 71.6: 75 per cent of its trees are real.
The target F1 of 95 was not met.

NOT EVERY CIRCLE IS A TREE

Sources can agree and still be wrong. At Fremantle the import placed 987
trees. 291 came from the photo alone, and most of them are lawn and roof
edges. 304 were found by the photo and the canopy height together, and
most of those are real. 187 came from the street-tree model, and many of

those stand in the road.

A SECOND OPINION

A free vision model, run locally, looked at all 1,337 Fremantle candidates and
agreed with the hand labels 85 per cent of the time. It makes labelling faster.
It is never treated as the truth.

Full set: append|x, page 404
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HOW A TREE IS CHECKED: ONE 40 M SQUARE OF FREMANTLE
Every number on the score comes from squares like this one.

x'O (J L] g L@ y > AR .l
1 WHAT THE MODEL SEES: THE 2 WHAT THE MODEL SEES: CANOPY 3 THE HARD TRUTH 4 HOW THEY ARE COMPARED
PHOTO HEIGHT
Every candidate tree any source Meta's 1 m canopy height model (blue A person looked at the photo and the The model's answer for this square,
proposed. White: kept by the import low, green 10 m, red 20 m). Per height map and said, for every from a model that never trained on it.
now. Blue dashed: a canopy-height candidate the model also reads candidate in the square: tree (green), Green: kept, and a real tree. Red
top the import dropped. greenness, texture, its shadow, which shrub under 3 m (orange), not a plant cross: kept, but not a tree. Cyan
sources found it and how close its (red), the same tree twice (grey), dashed: a real tree it dropped or no
neighbours are: 46 numbers. unsure (purple, not scored). Trees with source found
no circle at all are added (cyan +).
THIS SQUARE
The import now: 5 real trees kept, 1 false tree, 2 real The trained model: 3 real trees kept, 1 false tree, 4 Precision = kept trees that are real. Recall = real
trees missed. 83% of what it keeps is real; it finds real trees missed. 75% of what it keeps is real; it trees that were kept. F1 combines both (out of 100).
71% of the real trees. finds 43% of the real trees. The site score adds up every checked square the
same way; a model is never scared on a square it

trained on.

one 40 m square what the modsl sees, the hand-checked truth, and how




SITE IMPORT

Green spaces

LAWN, BEDS, SAND AND COURTS ARQUND A BUILDING AT THE SPORTS COURTS

The ground between the trees matters as much as the trees. Lawn, planted Lawn green, planted bads oran Courts biue.
beds, sand and courts behave differently for water, heat and the animals that

cross them.

NAMING THE ERRORS

The first version classified the aerial by colour and scored 90.6 per cent
against 160 hand-labelled points. Most of its errors had causes that could
be named: the ground under a crown or its shadow was guessed from the
crown, leafy texture was read as lawn, and crowns over paving were counted

as green. AERIAL PHOTO

The rules now take the ground under a crown from what surrounds it, separate
texture from lawn, drop crowns over paving, smooth the outlines, draw
mapped pitches as mapped and recognise the silver-grey of WA groundcovers
That reached 92.5 per cent, and the current version, with canopy height
added, scores 91.9. A trained random forest was tried and scored 83.8, so it is
not used,

5 R =
el) 2 Bpsarddi e 104 AFTER, CURRENT VERSION AFTER, CURRENT VERSION

_____Ri.yl
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SITE IMPORT

Roads

CENTRELINES INTO SURFACES

Roads come from OpenStreetMap as centrelines with tags, with no surfaces.
Built as drawn, two side roads a few metres apart made two overlapping
junctions, footpaths ran through car parks, and divided roads left stray median
ends and slivers. Each case is now cleaned before anything is built.

LEVELS AND THE GROUND

The 5 m LiDAR is bare earth, so bridges and cuttings are not in it and have to
be inferred. Where roads cross on different levels they no longer join or cut
each other: a deck rises to clear the road below at 5.3 m, at no more than 8
per cent. Rail is laid in its trench at Perth's 1067 mm gauge, and tunnels are
skipped.

SCORES

Each site is scored out of 100 for gaps, stacked surfaces, spikes and fit to the
ground. Beazley scores 85, a smaller window 270 m to its north 91, and Kings
Park 86. Joondalup scores 49 because its rail cutting walls count as spikes,
The Narrows interchange scores 43: freeway interchanges are not solved yet

BEAZLEY, AS BUILT

wice the scale: the main read's

tWo Junctions wi

neir crossings, medians a

the, cycle pathsiin red, car



BEFORE

FREEWAY OVER ROAD: SEPARATE LEVELS

-~

:-ﬁ-_-_

YANCHEP LINE, OPEN TRENCH

its open trench at Joondalup

T —
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SITE IMPORT

Traffic, water and time

WATER FOR ANIMALS

Water comes from OpenStreetMap during import, and from WA wetland
mapping (DBCA-019) with DWER streams and drains in the background. Perth
basins and sumplands hold water from June to November, so seasonal water
is kept apart from permanent water. Animals in the Studio drink at the edge
only in the months the water is there.

TRAFFIC IN TIME

Animals in the model meet cars, so traffic needs a shape in time. Main Roads
WA measures Hayman Road hour by hour for each weekday: two weekday
peaks and a flat weekend. The Leach Highway counter gives every day of a
year, with weekends, school and public holidays and the Christmas dip. Cars in
the Studio follow these by hour, weekday and date.

No open source gives volumes for every street. Google, TomTom and HERE are
paid and give speeds, not counts. Other streets take their road type's daily
estimate spread over the measured local shape, an estimate that is marked
as one

HAYMAN ROAD, VEHICLES PER HOUR, BOTH WAYS (SITE 2709)

1400 Monday to Friday
700 —— Saturday

0 ===- Sunday
00:00 12:00 23:00

LEACH HIGHWAY, EAST OF HIGH ROAD: EACH DAY OF A YEAR
AGAINST THE YEAR'S MEAN

Jan 2026 Apr Jul Oct
—— each day seven-day mean: seasons and holidays




WHAT HAD TO BE OVERCOME AERIAL PHOTO, JOONDALUP

Mast of the work was in what the sources would not do. OpenStreetMap
servers fail or rate-limit, so map data is raced across mirrors and retried in
the background. Government servers can take 15 to 20 s. The LiDAR has no
bridges, car parks and junctions need cleaning before they build, and colour
alone cannot tell a mulch bed from sand.

THE IMPORT, BEFORE AND AFTER, SECONDS == before  wem after
| 120 s

Whole import, press to page - 40«

103 s

Site data, cold bundle b 15,5 5

—— 4 5
P23s

o 15.7 5
1075

e 13.7 5
p25s ‘
0 30 60 0 120

Aerial photo, Joondalup
Bushfire buildings when OSM fails

Roads in Rhino, prebuilt

SATELLITE TREE AGES, DOWNLOAD IN MB

89 MB

t 0.2 m aerfal takes 23 5

167 —
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THE TEST

IN THIS SECTION

Three states of one site
Roots against the footprint
The stand across fifty years
Moving the footprint

What the indices miss







THE TEST

Three states of one site

WARWICK BUSHLAND THE SCAR, IN PLAN

A building that is taken out does not give the site back on the same day. To
test this, the same patch of Warwick Bushland, 126 recorded plants, is drawn
before the building, while it stands and after it has gone. The red is what the
first and third plans do not share.

WHAT IS LEFT

Ten of the 126 plants stood inside the footprint, and one of them straddled its
west edge. Each comes back as a seedling, so the red marks where a shrub or
tree had been. The rectangle is the ground the slab leaves compacted.

TEST

Whether taking the building out in four steps gives the ground back, and how
much of the stand is still missing on the day it goes.

FINDING

On the day the building is removed the footprint is still bare ground. Taking it
out does not repay the site.

CHANGE

Each of the four steps needed a connection that could be undone, which
became the six details in the next entry.
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THE THREE STATES

01 BEFORE 02 OCCUPIED

The stand as rec The footprint in p

TAKING IT BACK OUT, IN FOUR STEPS

0 STANDING 1 ROOF PANELS

The building as drawn The maof

2 WALLS AND FRAME
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THE TEST

The bay, taken apart

THE BAY, EXPLODED

A building can only give its ground back if it comes apart. The bay, its smallest
repeating piece, is exploded in the order the decommission follows: roof
panels, walls and frame, deck, footings, then bare ground. The six details on
the right make each step possible.

1 ROOF PANELS

Lift clear first, as whola panels

2 WALLS AND FRAME

Unbolted and lifted out in pieces
3 THE DECK

Boards come up off the bearers.

TEST

Whether each connection can be undone in the order the decommission
needs, and whether all six fit inside one repeating bay.

FINDING

All six sit inside the bay. The sacrificial earth is the only layer meant to stay
behind, because it is site soil and can go back into the profile.

CHANGE

The sacrificial earth became a working element of its own, the stratigraphical
wall built from the site's horizens (page 122).

THE BAY, WHOLE

Assembled, with the three pla

Full set: append|x, page




THE SIX DETAILS

SHALLOW FOOTING

Minimises soil disturbance.

TIMBER JOINT

Fasteners can be reclaimed.

SACRIFICIAL EARTH

Pratects the ground beneath.

STEEL COLUMN

Reusable by disconnection.

ROOF PANEL LIFT

Panels |ift clear.

FOUNDATION GRID

Extracted in full at the end

THE BAY, IN PLAN

o

Pen style, the canopies drawn as plan symbols

HOW IT WAS MADE

The bay is drawn in Rhino from the plugin's assembly library: a rammed earth
back wall, a timber frame side wall, an elevated boardwalk deck on six pads,
timber posts and a timber frame flat roof. A slender banksia, a sheoak and a
grass tree are placed from the species records.
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THE TEST

The ground under the footprint

THE GROUND UNDER THE FOOTPRINT THE CUT
A footprint takes soil as well as plants. The left page draws the ground under The 15 x 11 m footprint set 600 mm into the Wanwick profile, twice the Death Manual's
it, one block per layer at its recorded thickness. The right page takes one 300 mm cap, with coffee rock and the aquifer below. Figure by ‘Author

recorded community through the clearing and lays the last plan over the first
to show what did not come back.

Topsoil, 100 mm

Grey fine sand, 500 mm
Yellow leached sand, 1.5 m
Coffee rock, 300 mm

Gnangara aquifer zone, 5 m

300 mm limit,
the Death Manual's cap

Isometric, true scale on all three axes. Sectioned on the footprint's long centre line,

m— 17



TEST

What the footprint sits on, and what it takes out of one recorded community,
drawn from the side and from above.

FINDING

In plan the cleared footprint is still legible after the building has gone. | could
not tie the four ground profiles to a measured seil column on the site, so they
are shown as types.

CHANGE

The loss above ground led me to the roots, in the next entry.

FOUR PROFILES AT ONE SCALE, TOPS ALIGNED

S @& @

PROFILE 1, PROFILE 2, PROFILE 3, A PROFILE 4, STAT
WARWICK GENERIC WA TEST ASSEMBLY WALL 2

Swan Coastal tal plain, Made In the editor;

Plain, 74 m 0.95 m

WHAT DID NOT COME BACK

¥ $ ?#__ ?
% g-: ;’ '.‘Q_ & - -* . '.-lr'

B

01 STAND 03 AFTER

und the footprint, as

The footprin ad, the tan gone and

The community arot
the

ootprint outlined. the ground compactad
.
- _ .
" .
& .

R i .

L

THE SCAR

The after plan, with every part that differs from the stand in red

Full set; appendix, page 406
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THE TEST

The roots

PAST THE LINE OF THE BUILDING

A plant outside the footprint can still lose its roots to it. The left page draws
the community's roots in 3D. The right page lays the footprint and the
excavation over them in plan, to compare what the cut takes with what was
there.

ABOVE THE GROUND AND BELOW IT, IN METRES
SLENDER BANKSIA JARRAH MARRI GRASS TREE

30 m

A0 S0 N

TEST

How far the roots reach past the line of the building, and whether the
recorded depths behind the drawings hold up.

FINDING

Over 130 records sat on a default root depth of 500 mm, so their roots came
out the same size whatever the plant. Six prostrate banksias carried the 52 m
depth then recorded for Banksia attenuata (now 9 m).

CHANGE

The data audit on 25 September put the six banksias back on the proteoid
default. The 500 mm defaults are still to be replaced.

THE ROOTS, IN 3D




THE ROOTS, IN PLAN THE EXCAVATION

L]
‘ .
.
+ g N

o

A The footprint cut into the ground
The footprint outline over the root spread of the recorded community

THE EXCAVATION, WITH THE ROOTS IT MEETS
1 WEST EDGE 2 INSIDE 3 EAST EDGE ’
The largest system A small plant stands unde
tootprint line. the
with the cut
-2

WHAT THE CUT TAKES -

18 per cent of the root spread drawn in plan lies inside the footprint,
measured from the drawing.

The footprint covers a quarter of the frame and |ess than a fifth of the roots,
because the two largest systems stand outside it. Those plants stay, and the
dig still cuts their roots at the west and east edges. A plant count misses this,
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THE TEST

One tree through time

ONE TREE AT NINE AGES FINDING
A site is owed as long as its plants take to grow. One jarrah is drawn at nine The record puts hollows at 130 years and the lifespan at 450, so the drawing
ages and as a growth row, where the hollow gap is every tree too young for a stops well short of a full life. The audit also found 143 records that could never
hollow. The rates are the library's, slower than a project programme. reach their own mature height within their own recorded life.

CHANGE
TEST

The 143 were recomputed on 25 September, and the quality gate now flags
One jarrah at nine ages, to see how long its record says it takes to become any life stage that cannot reach its own height.
the tree the animals need.
THE BAR UNDER EACH AGE
NO HOLLOWS: 1 TO 80 YEARS
e HOLLOWS POSSIBLE FROM 130 YEARS

28 mtall at :
five years ;

1 YEAR 5 YEARS 15 YEARS 30 YEARS 50 YEARS 80 YEARS 130 YEARS 180 YEARS 250 YEARS

Eucalyptus marginata at nine ages, seadling to 250 years, all at one scale Figurs by Author
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AND ON ONE GROWTH ROW

One jarrah at successive ages: the hollow gap 1s every tree short of 130 years

WHY IT DOES NOT CLOSE

Before a jarrah can carry a hollow: 130 years. Recorded lifespan: 450 years.

Planting cannot speed this up. Hollows form only as the trees age, however
long the project runs.

THE RECORD, DRAWN TO ONE SCALE

The height the species record gives =ach life stage abav
drawings of the nine ages follow the record’s growth rate instead

30M
| I |

0.2M

the ling, its taproot below. The

TAPROOT

Full set: appendix, page 407

79—



THE TEST

The stand across fifty years

ONE VIEWPOINT, ONE SCALE TALLEST JARRAH, IN METRES
Fifty years is the life the test gives the building. The stand the jarrah belongs 18

to is drawn at five points across it, from ane viewpoint and at one scale, and
13.3m
78 m
- .
o |
5 15 30 S0

year 50 is drawn largest on the right page. Each of the 126 plants grows by its
species' recorded mature height, growth rate and lifespan.
1
AGE IN YEARS

2]
=~
=

Hollows need a tree of 130 years or more, so every tree here is still too young to
carry a hollow for the animals on the next pages

YEARS 1 TO 30

1 YEAR 5 YEARS 15 YEARS 30 YEARS
126 plants of 10 species. The tallest, a 26 plants are over 2 m, The tallest jarrah 124 plants of 10 species. The tallest, a All 26 traes are over b m. The tallest jarrah
jarrah, is 0.6 m is28m jarrah, is 74 m 5133 m

50



YEAR 50, DRAWN ON ITS OWN

50 YEARS

The tallsst jarrah s 18.7 m. The middle plant of the 126 s 1.2 m. Figure by Authar

TEST

The 126 plants of the stand grown
forward fifty years, each species at
its recorded growth rate, to see the
site at the end of a long project.

FINDING

At year 50 the tallest jarrah is 187 m, still
short of its recorded 30 m, and the middle
plant of the stand is 1.2 m. No tree is near
hollow age.

CHANGE

The Live View had been growing
plants from its own table, which had
drifted from the records on 12 rows.
Since 25 September it reads the
records.



WARWICK STAND | YEARS 1, 50 AND 94

Growth: the canopy over time
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THE TEST

One plant and what depends on it

RANKED BY WHAT LEAVES WITH THE PLANT EUCALYPTUS MARGINATA

Clearing a plant takes the animals that feed or shelter on it. Each row draws SR i ST
a plant with the animals its record names, then the same ground without it,
then the plan. Rows are ranked by how many animals leave with the plant.
Only animals with a reviewed model are drawn, larger than life and ghosted
where the plant has gone. The severed dependency counts every group the
records name.

WITH ITS ANIMALS WITHOUT THE PLANT FROM ABOVE

Eucalyptus marginata. Mature height 30 m, reats to 40 m (sinker lateral), Used by the
Western Ringtall Possum, Brushtail Possum, Blue-banded Bee, Christmas Beetle and
Camaby's Black-Cockatoo

CORYMBIA CALOPHYLLA

5 modelled animals leave with the marri

WITH ITS ANIMALS

Western Ringtall
Possum and Blue-banded Bee

N 100)



BANKSIA ATTENUATA

4 modelled animals leave with the slender banksia. Drawn at a larger scale than the two
sucalypts

WITH ITS ANIMALS WITHOUT THE PLANT FROM ABOVE

Banksia attenuata. Mature helght 8 m, roats to @ m (proteaid), Used by the Westam
Spinebill, Carmnaby's Black-Cockatoo, Blue-banded Bee and Bull Ant.

XANTHORRHOEA PREISSII

2 modelled animals leave with the grass tree. Drawn at a larger scale than the two
sucalypts

WITH ITS ANIMALS WITHOUT THE PLANT FROM ABOVE

Xanthorrhoea preissil. Mature height 2 m, roots to & m (fine fibrous), Used by the
Carnaby's Black-Cockatoo and Blue-banded Bes.

TEST

Four plants drawn with their animals, without the plant and from above, to see
whether the dependants read at all.

FINDING

In the first renders the animals were too small to see, and the with and
without frames looked almost the same. The audit also showed that banksias
are not mycorrhizal. They feed through cluster roots.

CHANGE

The animals are now drawn at a size that reads and ghosted on the bare plot.
The fungal network in the model runs through the eucalypts instead of the
banksias.

Full set: appendix, page 407
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FINDINGS

Roots against the footprint

ROOT ZONES

Every tree carries a root zone from its species record: the spread of its roots,
scaled to its age and never smaller than its canopy. The inner 40 per cent is
the structural root zone, which a footing must not cut. The plugin checks each
plant of 3 m or more against nearby walls and marks the clash while the wall
can still move.

Laid over the recorded stand at 50 years, the footprint takes 1 of its 26 trees
outright and reaches 5 more that stay standing. It cuts the structural root
zone of a firewood banksia and a sheoak, and enters the outer root zone of a
slender banksia, a sheoak and a jarrah.

26 trees of 3 m or more. 2 structural zones cut. 3 root zores reached

Full set- ap

i)
@

endix, page 408

THE STAND IN PLAN

th the foo

ar. Dashed ring

READING THE PLAN
() structural root zone cut
tree of 3 m or more, clear

Dashed ring: the full root zone.
Shaded disc: the structural root zone, the inner 40 per cent.

% plant removed by it [] the footprint

root zone reached plant under 3 m



THE WEST EDGE, DUG 600 MM WHAT THE CLASH ASKS FOR

A serious clash means roots cut and a footing that can be lifted as the tree
grows. A caution can still be answered in the construction, and the plan says
which answer applies before anything is dug.

There are three. A root barrier on the building side turns the roots down
before they reach the footing. A pier footing is placed between the main roots
instead of a strip across them. A beam lifted over the zone bridges it, so the
roots pass beneath the building and the piers stand outside the structural
zone.

A pad footing inside the structural root zone cuts the roots it sits
on
A root barrier turns the roots betfore they reach the footing

Piers outside the structural zone, with a beam lifted over the roots
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FINDINGS

One tree in layers

A JARRAH AT FIFTY YEARS

A tree is more than the part a building is checked against. One jarrah is drawn
in layers: crown edge, limbs, leaf clumps, roots, and the two root zones the
plugin measures against a building. The last drawing puts them together with
a building edge 2.5 m from the trunk

o X
e
' s
—5m ——5m —5m ——5m
Fig.1 Crown edge Fig. 2 Branches Fig. 3 Leaf clumps Fig. 4 Roots, a taproot and its laterals

-
.l" "\
7 Y 1
! |
\ /]
\ ’
.

“_structural root zone 4.2 m.

root spr;a‘laa 10.5m
———5m
Fig. 5 Root spread and structural root zone



WHAT A BUILDING SEES

A building check reads a tree as two circles, a root spread of 10.5 m and a
structural root zone of 4.2 m, which a footing must stay outside. Drawn apart,
the layers show what those circles leave out.

Root spread 10.5 m and structural root zone 4.2 m from the species record; erown from its
plan symbol. Figs 1to 5 at one scale, Fig. 6 larger. Figure by Author.

Fig. 6 Together, with a building edge 2.5 m from the trunk
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FINDINGS

The 300 mm line

DIGGING PAST THE LINE

The 300 mm cap in the Death Manual is a conservative threshold set by this
project. Below it, mycarrhizal networks, seed banks and soil horizons do not
come back within a construction timeline.

The disturbance gradient in the plugin scores every 500 mm cell of the site:
how far the nearest dig goes past that line, how close it is, and whether the
cell sits inside a root zone. A dig shallower than the line still scores, at a low
base value, because any construction disturbs the ground.

The same footprint is scored twice. Cut as a slab 600 mm into the profile it
peaks at 0.64 and puts 45 m* above half intensity, most of it where root zones
run under the edge. Set on twelve pad footings dug to 300 mm it peaks at
0.14 and nothing reaches half. The building is the same size. What changes is
how it meets the ground.

Full set: appendix, page 408

. 104

A SLAB CUT 600 MM

t 600 mm.

e insid

rey s light disturbance, amber rising to red where the dig crosses

e a root zane

IN SECTION, DEPTH DRAWN FOUR AND A HALF TIMES

the 300 mm line

600 mm

Peak, slab at 600 mm: 0.64
Over half, slab: 45 m*



TWELVE PAD FOOTINGS AT 300 MM

Peak, pads at 300 mm: 0.14
Over half, pads: 0 m?

GLASS AND BIRDS

Birds do not see clear glass. The plugin gives every surface a strike risk from
its material: reflective glass and clear curtain walls at the top, clear windows
just under, unclassified surfaces at half, opaque timber, earth, brick and render
at 0.3, and glass marked at 5 by 10 cm or closer, the 2 by 4 rule, at 0.15 (Klem
1990; Sheppard and Phillips 2015).

The tiers are relative and indicative, and an assembly can carry its own value.
No strike rates were measured. They put a price on a facade before it is
drawn. A clear curtain wall facing the bush is the riskiest surface in the library.
The cheapest correction keeps the glass and patterns it.

RELATIVE STRIKE RISK BY SURFACE

reflective glass e s mm m m o - - - ]
clear curtain wall e s s - - - - ]
clear windows e e e = e - - - - - - - - --- 0.9
unclassified surface r————————— (.5
timber, earth, brick, render E————————— 0.3
fritted or screened glass e 0.15
0 0.25 05 075 1
Red dashed: glass at a risk of 0.9 or more.

Strike risk by surface, from the plugin's collision tiers

13 of the 42 assemblies in the library are glass with a strike risk of 0.9 or more.
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WARWICK STAND | YEARO

The test: lift the building off












FINDINGS

Dependencies broken

LINKS BROKEN
40 of 532 links broken outright, seven and a half per cent of the network.

ONE STAND, AS A NETWORK

At mid-semester review the class asked to see a severed dependency. Every
species here is tied to others: each of the 126 plants carries the animals its
record names. The footprint removes ten plants and cuts the roots of nine
more.

A PERCENTAGE HIDES THE CLOCK

Seven and a half per cent is the kind of figure an index would call minor. It

is not the same loss for every animal. Beetles and native bees |ose clasping
guinea flower, which a seedling replaces in a year. The emu loses a zamia,
whose seed it carries, and a replanted zamia does not flawer for 29 years.
Honeyeaters, native bees, the honey possum, the guenda and black-cockatoos
lose a grass tree, which first flowers at 44

()7

Clasping Guinea Flower 26

Coast Sword-sedge 20 -3

Prickly Moses 18

Grass Tree 14 -1

Honey Bush 13 -1

Slender Banksia 9

Zamia Cycad 9

Firewood Banksia 7

Sheoak &

ative bees
arnaby's black-cockatoo

oney possum
Black-cockatoos
Red-eared firetail
Western spinebill
Brushtail possum
Western pygmy-possum
Weevils
mu
; Western rosella
- ommon bronzewing
: ilvereye

Y& Western grey kangaroo
- = Western brush wallaby
Quokka

1,

ed-capped parrat
Red-tailed black-cockatoo

«Western ringtail possum
=Bats

Flies

«Wasps




532 LINKS, TEN PLANTS, 28 ANIMAL GROUPS

The stand holds 532 links between ten plant species and 28 animal groups.
The building breaks 40 outright, in red, and puts 39 at risk through cut roots,
in amber. An area index records none.

EACH ANIMAL, BY ITS SLOWEST LOSS

ANIMAL

Native bees

Carnaby's black-cockatoo
Honeyeaters

Quenda

Honey possum
Black-cockatoos
Brushtail possum

Emu

Western rosella

Common branzewing

FOOD
PLANTS

91
53
43
34
30
27

REMOVED ROOQOTS

RO R W W o

=

cur

== EE = = e =

WAITS

44 years
44 years
44 years
44 years
44 years
44 years
29 years
29 years
29 years
29 years
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FINDINGS

After the building

THE SITE IS NOT FINISHED WHEN THE BUILDING IS

The building is given a 50-year working life, the design life of an ordinary
building (Standards Australia 2002). When it is decommissioned, its footprint
is replanted with the species it removed. The plugin gives each the year it first
flowers, from its recorded growth rate and reproductive height. That is how
long the animals wait.

The last of them, a grass tree, flowers in year 94, 44 years after the building
has gone. The Death Manual holds the site until then. Restoration ends when
the last animal that lost a food source has it back.

Black-cockatoos
Carnaby's black-cockatoo
Honey possum
Honeyeaters

Native bees

Quenda

Brushtail possum
Chuditch

Common bronzewing
Emu

Insects

Quokka

Silvereye

Western brush wallaby
Western grey kangaroo
Western rosella

Ants

Weevils

Western pygmy-possum
Western spinebill
Red-eared firetail

Beetles

the building is taken

=]

(=]
5]
o

100

year 94, first flowers
on the grass tree

5

EEERERERRE 10 | year 79, first flowers
HEEENNRNERE I 1111 » on the zamia cycad

e

1 yeai’ 56, first flowers
| on the slender banksia

ll!e!

year 52, first flowers
on the coast sword-sedge
EEEREREEREs year 51, first flowers
- on the clasping guinea flower
out and the lost species replanted

one block, five years with the building standing
five years from replanting to first flowers
the lost food plant flowers again



WHAT THE BUILDING OWES WHEN IT LEAVES

Replant 3 clasping guinea flawer flowers in year 51

Replant 3 coast sword-sedge flowers in year 52
Replant 1 honey bush flowers in year 54
Replant 1 slender banksia flowers in year 56
Replant 1 zamia cycad flowers in year 79
Replant 1 grass tree flowers in year 94
Watch 9 plants with cut roots grass trees, sheoaks and five more
Restore 165 m* of sail profile the 15 by 11 m footprint
none, no jarrah or marri

a slab cut 600 mm, as tested

Cockatoo nest trees taken

Footing priced
The site is released in year 94, when the last lost food source flowers again.

AN INVOICE, NOT A SCORE

This is the Death Manual's invoice, drawn up before the building. Every line
comes from the model: the plants the footprint removes, the roots it cuts, the
depth it digs and the species records behind each one.

WHERE IT COULD HAVE STOOD

AS BUILT
B
s e Plar en 10. Trees taken 1. Structural
zon
- .
. T
D
-
.
- L]
5 M WEST
-
5 = Plants taken 12
zones cut U
1. .
-
.
- L]
5 M EAST
- - ot
- A
. =
» .
-
.
L L]

ses trees of 3 m ot more; red rings structural root

As built and 5 m east are drawn larget on pages 206 and 207,
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FINDINGS

Moving the footprint

TWO POSITIONS, TWO FOUNDATIONS

With the building moved 5 m east and set on pads, the site is released in year
79 instead of year 4.

TWO LEVERS

Where the footprint sits and how it meets the ground are still open while the
design is drawn, and both change the debt. The same building is scared four

times, at two positions and on two foundations: a slab cut 600 mm, twice the
Death Manual's cap, and twelve pads at 300 mm.

Full sst- ap

dix, page 411

______BPlg]s)

SLAB CUT 600 MM

@
L
[ . .
AS BUILT
.
-
-
.
-
. .
5 M EAST




PADS AT 300 MM

AS BUILT

as built

5 m east

slab cut 600 mm

THE FOUR OPTIONS, AS THE PLANS ARE LAID OUT

pads at 300 mm

released, year 94

10 plants taken
40 links broken
2 structural zones cut

3 root zones reached

disturbance peak 0.64

45 m? over half

released, year 94

10 plants taken
40 links broken
2 structural zones cut

3 root zones reached

disturbance peak 0.14

0 m? over half

released, year 79

7 plants taken
25 links broken
0 structural zones cut

1 root zone reached

disturbance peak 0.64
46 m? over half

released, year 79

7 plants taken
25 links broken
0 structural zones cut

1 root zone reached

disturbance peak 0.14

0 m? over half

foundation: how much ground is disturbed

position:
what is
taken
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FINDINGS

What the indices miss

SCORED ONCE, AT DESIGN

The published indices score the stand almost the same with and without the
building: 67 before, 66 after. They count habitat area and planting, and a 15 AS BUILT 5 M EAST, ON PADS
by 11 m footprint barely changes either. The network on the right shows what
they miss: 40 of 532 links broken, and a site held until year 94.

YEAR
NS RITBRG O 86 56 60 Oe Oaa 56 60
YEAR
O¢ o 67 56 60
?
.'" the building the building
the indices are scored
once, at design
Warwick stand, 40 x 40 m. Green: o~ s, 50e P

1 = guinea flower x3, year 51
! u sword-sedge x3, year 52
| ® honey bush, year 54

¢ . guinea flower x3, year 51
{ 4 sword-sedge, year 52
i @ honey bush, year 54

Everyday Nature Index, planting
assessment and pollinator resilience,
scored by the Studio when the

504 butlfi:ng removed, year 50

e ——————
’
ceeesesew”

design is drawn (Croeser et al, 2026; i #  slender banksia, year 56 E 'sheoak, year 59 N
no building: Visintin et al. 2026). Red: the lost | ¥ zamia, year 79 790 | zamia, year 79 250f 532 1
nothing held species, replanted when the building ! 40 of 532 '-.:_ ___________ I En_k-s_!::rgbs_ep‘.'
794 comes down, at the year each first { links broken )
flowers (the plugin's growth madel). { . grasstree, year 94 1944 field toyear 79: zamia
\ /' apmmeeeeen held to year 94: grass tree
949 The same stand with ne building, as built, and 5 m sast on pads: Figure by Author
100 ¢

______lply):]



Native bees

Carnaby's black-cockatoo
Honeyeaters

Beetles

Ants

Quenda

Honey possum
Black-cockatoos
Red-eared firetail
Western spinebill
Brushtail possum
Western pygmy-possum
Weevils

Emu

Firewood Prickly Clasping
Jarrah Banksia Moses  Guinea Flower
Honey Zamia
Sheoak Bush Cycad
Slender Grass Coast
Banksia Tree Sword-sedge
* & & * 4 9
e L
*oees
®
& 3 L
e
e L
e
@ @®
- &
@ L
o
[
o

Firewood Prickly Clasping
Jarrah Banksia Moses  Guinea Flower
Honey Zamia
Sheoak Bush Cycad
Slender Grass Coast
Banksia Tree Sword-sedge
* & % 4 & 4 4 9 4 3
Western rosella

Common bronzewing ®
Silvereye @®
Western grey kangaroo @
Western brush wallaby o
Quokka e
Chuditch ®
Insects @

Red-capped parrot

Red-tailed black-cockatoo &
Western ringtail possum @
Bats @B
Flies - @
Wasps @

an animal feeds or shelters on this species; the wider, the more plants of it
@ !inks broken: the plant is removed (40)
---== at risk: its roots are cut {39)
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THE LEEUWIN PROJECT

Moodboard

PINTEREST BOARD, LEEUWIN HOUSING

To come: Pinterest reference 1

To come: Pinterest reference 2

To come: Pinterast reference 3

To come: Pinterest reference 4

To come: Pinterest reference 5

To come: Pinterest reference &




MATERIAL AND DETAIL SNIPPETS

To come: perforated screen, halftane image To come: material snippet To come: detall snippet
To come: material snippet To come: detail snippet
PALETTE
Colour 1, to choose  Colour 2, to Colour 3; to .Colour 4 to Calour 5; to Colour &, to Colour 7, to Colour 8, to
choose choose choose choose choose choose choose
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THE LEEUWIN PROJECT

Mass studies

MASSING SKETCHES

Mass study 1 scale a—

Mass study 2

sCale a——

Mass study 3

SCale p——



I
\ |

Ma Study 4 SCAIS — ass. Stwy 5 SCAIE e— Mass S'tudy & SCAlE e—
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THE LEEUWIN PROJECT

Plan options

PLAN SKETCHES

Plan option 1

Plan option 3

I )15

SCAIE m—

5Cale m—

Plan option 2

Plan option 4

SCEE n—

scale m——



Chosen scheme

Chosen scheme, plan scale m——
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THE LEEUWIN PROJECT | LEEUWIN BARRACKS, EAST FREMANTLE

Project data

Leeuwin Barracks is a 14.3 ha Defence site on the Derbarl Yerrigan in East
Fremantle, announced for sale in February 2026. The Town's Vision Plan
expects about 1,440 to 1,500 apartments there. This project takes one block
of that plan and designs it three times on the same lot, at three levels of
care: A neglect, B some care, C full care. The dwellings and the facade stay
the same, so only the decisions about the ground and the ecology change.

)15

REGULATORY
FRAMEWORK

TO FOLLOW

Leeuwin Barracks, Riverside Road, East Fremantle, on the
Derbarl Yerrigan (Swan River)

one apartment block of the Town's Leeuwin Vision Plan
(about 1,440 to 1,500 apartments in all)

on an existing barracks building or car park, clear of the
foreshore contral area and the Drill Hall

the community and the public; designers and their
communities

R-Codes Volume 2; Swan River Development Control
Area (DBCA)

the Drill Hall (listed); the parade ground kept as open
space

the same block at three levels of care: A neglect, B some
care, C full care

footprint and dwelling count, from the site import



THE LEEUWIN PROJECT | ROOT ZONES, SLOPE AND RIVER SETBACK

Where we may not build

The lot sits on existing barracks sheds and sealed ground, clear of the
foreshore control area, the Drill Hall and the parade ground. Building here
takes no bushland. Care on this site means what the block does below
ground and how much soil it leaves able to hold roots.

KEY
B no build: tree root zones, slope over 1 in 4, river setback 30 m
(provisional) 0.8 ha

= build with care: tree protection zones, slope 1in 6 to 1in 4 1.8 ha
o already built: existing barracks buildings 2.1 ha
©~77 site, Leeuwin Barracks 14.7 ha; open ground left 9.9 ha

= T T T T Lot L1 today, in plan from the
DEREARL YERRIGAN (SWAN RIVER) site import: the barracks sheds

INA\ the bleck replaces, hatched, and
R}VERS"% + the 15 imported trees at their
; ROAD : measured crown spread (river red
gum and peppermint 4 each, stout

’. ‘oo Hapertiatk 2 Hvereheost) ey
Z0.m s ® box, broad-leaved paperbark, tuart
% .%m's"""‘- it it
. 3} barac '. AL B
on [—C|[]

Tﬁ

20m
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THE LEEUWIN PROJECT | WINTER AND SUMMER SOLSTICE

Sun

At 32 degrees south the winter sun stands 35 degrees above the northern
horizon at noon, and the summer sun 81 degrees. The river lies to the north
of the lot, so a block that steps down towards it keeps winter sun on its
lower terraces and on the deep soil in front of it.

LEEUWIN BARRACKS, 32.03° S, LOCAL
SOLAR TIME

- 21 June, winter solstice, noon
altitude 35°

==+ 21 March and 23 September,
equinoxes, noon altitude 58°

= 21 December, summer solstice, noon
altitude 81°

Above, the sun's path across the year at Leeuwin Barracks, from its latitude. On the next
three pages, one scheme ta a page, in plan with nerth up: the finished block en lot L1

on 21 June and 21 December at 9:00, 12:00 and 15:00, local solar time. Ground and roof
shadows of the block, its neighbours and the trees are cast from the computed sun
Under each plan, the share of the lot's open ground in shade. Figure by Author,

______Wrily]

A, NEGLECT

21 JUNE, WINTER SOLSTICE

| to co

15:00, sun 20° up, from 316°

21 DECEMBER, SUMMER SOLSTICE

December 9:00

9:00, sun 50° up, from 89°

15:00, sun 50° up, from 271°




B, SOME CARE

21 JUNE, WINTER SOLSTICE

Model to come: B, some
care, sun study 21 June
2:.00

9:00, sun 20° up, from 44°

Model to come: B, some
care, sun study, 21 June
12:00

12:00, sun 35° up, from 0°

Modsl to come: B, some
care, sun study 21 June
15:00

15100, sun 20° up, from 316°

21 DECEMBER, SUMMER SOLSTICE

Mode! to come: B, some
care, sun study, 21
December @00

9.00, sun 50° up, from 89°

Mode! to come: B, soma
care, sun study, 21
December 12:00

12:00, sun 81° up, from 0°

Mode! to' come: B, sama
care, sun study, 21
December 15:00

15:00, sun 50° up, from 271°

C, FULL CARE

21 JUNE, WINTER SOLSTICE

Medel ta come: C, full
care, sun study, 21 June
900

9:00, sun 20° up, from 44°

Model to come: C, full
care, sun study, 21 June

12:00

12:00, sun 35° up, from 0°

Model to come: C
care, sun study, 21 June
15:00

15:00, sun 20° up, from 31&°

21 DECEMBER, SUMMER SOLSTICE

Maodel ta come: C, full
care, sun study, 21

December 3:00

9:00, sun 50° up, from 89°

Model ta come: C, full
care, sun study, 21
December 12:00

12:00, sun 81° up, from O°

Model to come: C, full
care, sun study, 21
December 15:00

15:00, sun 50° up, from 271°
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THE LEEUWIN PROJECT | THREE LEVELS OF CARE, THE LOT AND THREE STEPS EACH

Massing

A clears the lot and digs a basement car park under all of it. B keeps the
same block over the same basement and adds planter balconies and trees
on the basement roof. C has no basement: the block stands on pads, steps
down to the river in six, four and two storeys, and plants every lower roof.

THE LOT TODAY

Lot L1, 70 x 30 m: two barracks sheds on sealed ground, Riverside Road and

the river to the north. The same lot, the same floor area, three levels of care.

iyl

A, NEGLECT
Model to come: A, neglect, massing, step 1
Model to come: A, neglect, massing, step 2
Mo 3

STEP 1

Cleared and dug: a car
park under the whale lot

STEP 2

The block set on it; 50 x
14 m, six storeys

STEP 3
Paved to the boundary;

one box on sealed
ground



Model to come: B, some care, massing, step 1

Madel to come B, some care, massing, step 2

Model to come: B, same care, massing

STEP1

The same block over the
same basement

STEP 2

Planter balconies on the
narth face

STEP 3

Mative trees in the
setbacks, on the
basement roof

C, FULL CARE

Madel ta come: €, full care, massing, step 1

Moedel to come: C, full care, massing, step 2

Model to come: C, full care, ma q, step 3

STEP 1

No basement: the block
on pads, the sail left
whole

STEP 2

Stepped to the river: &,
4 and 2 stareys

STEP 3

Every lower roaf a
planted terrace, deep-
soil trees to the north
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THE LEEUWIN PROJECT | BASEMENT, PADS AND ROOTS

Section to the river

neglect

Model to coma: A, neglect, section to the river

[55]

SOme care

| to come: B, some care, section to the river

Section from let L1 to the river on the imported ground: A and B on a basement below river level, C on pads, with the roots each one cuts or keeps. Figure by Author.

______ ekl



In A and B the basement is 3.6 m deep under the whole lot, so nothing planted above it can root into the ground. A tree on B's
basement roof has 600 mm of soil and stops at the slab. In C the ground runs under the pads and the trees in front of the block
root into deep soil. The basement takes more than the footprint does.

THE GROUND UNDER LOT L1, IN PLAN: HATCHED THE CAR PARK, DASHED THE BLOCK ABOVE ITS PADS

Model to come: A, neglect, ground

plan

A neglect. A car park 62 x 26 m, 3.6 m deep, under the lot;
the ground left whole Is the 488 sq m rim round it, sealed.

Model to come: B, some care, ground C, full care, ground

plan

B some care. The same car park, trees in 400 mm of sail on C full care. No basement: the block stanclls on pads and all
its roof; the 488 sq m rim left whole 2,100 sq m of the [ot stays whole ground

ffull care
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MOODBOARD | THE PERFORATED SCREEN ON ALL THREE BUILDINGS

Shared facade

8
) |
i
i |
| |
A

LEEREEL

FYLEA

AL
SEIAEAN R

AL RE

ARFEN

Green perforated mesh in front of the Folding perforated shutters: the screen
balconies, planting showing through opens and closes per apartment
the openings

Brick lattice with climbers growing through it

ES e i : Nl i }
Sawtooth perforated panels, Cherokee Lofts: shade Brick atbca with aframed
and privacy from one folded sheet opening to a tree behind

Warm brick and terracotta inside, the
same palette as the screen



A, NEGLECT B, SOME CARE

THE BLOCK THAT TAKES ITS GROUND TODAY'S GOOD PRACTICE: PLANTERS ON THE BLOCK

- b=
The ordinary walk-up block: a Shored excavation for a car park: the PllanTerf balzlomes along ;he
box set on its lot, no response ground is removed before anything is built whole facade, watered by

to what was there residents

Perforated screen carrying planter boxes
on each floor

Brick screen and large-leaf
planting on every balcony

Basement dig across the whole lot: the soil, roots and seed
bank go with it



MOODBOARD | STEPPED, LIFTED AND PLANTED

C, full care

Terraces stepping down, each roof a Stepped section in diagram: green on
planted garden every step

Stepped house with deep planter Edges on

"f_‘ every level
o)

. = 8

[ﬁeﬁfl B ]
o g
A ek = =

Casa Terrazas section: soil depth and trees on the

Raised planted roof walk around existing trees
terraces



- —

A . — . oy
Deck built around a trunk, the Shared brick courtyard under a timber
tree left standing pergola

T -~
!

Lifted on columns: the ground keeps &a Tree House: the plan wraps an existing iy N1 e ; oy
Drawing style: section with the planting named and drawn

running under the building tree




REFLECTION

What took longest to fix

MAC AND WINDOWS

Maost of the time on the plugin did not go into features. It went into making
the same code behave on a Mac and on Windows, inside a program that
was never designed to host web pages and Python side by side. These are
the problems that cost the most, ranked by how often the code had to be
changed to fix them.

RANKED BY THE NUMBER OF CHANGES IT TOOK

TOOL BUTTONS FREEZING 12'JUN TO 12 AUG

PANEL MESSAGES ON THE MAC 26 JUNTQ 3-0C

w
~

IMAGES MISSING ON THE MAC 27
16

DRAW BUTTONS DEAD ON WINDOWS PJULTO 20 S
12

ki)

TOOL BUTTONS FREEZING

Buttons froze when they retyped a command or asked for a point from inside
a message. Fixed with one runner that waits until Rhino is idle.

PANEL MESSAGES ON THE MAC

Clicks in the panels were lost before they reached Python. On a Mac the

only way out of the page is its title text, which holds about 1 KB and merges
messages sent close together. Fixed with a queue that sends one message at
a time and splits large ones.

AM

A plugin that works the same on a Mac and on Windows, from the same code.

PROBLEM

Each platform failed in its own way, often silently, with no error to read.

OUTCOME

Rules written down after each fix, so the same mistake is not made twice.



WHEN EACH WAS OPEN, JUNE TO OCTOBER

JUNE AUGUST OCTOBER
JuLy SEPTEMBER

Tool buttons freezing ——
Panel messages on the Mac e ————
Images missing on the Mac . ]
Draw buttons dead on Windows e

Flashing windows

Slow start

OneDrive —

Thousands of holes
Settings dropped —
Wrong species drawn T T
Leaving Rhino | ™

ELEVEN PROBLEMS ON ONE CALENDAR

The four that took the most chanaes in black. The sta

o

HOW A CLICK IN A PANEL REACHES PYTHON, ON A MAC AND ON WINDOWS

THE PANEL
A web page inside Rhino. The click happens here.

ON WINDOWS

v v

THE PAGE TITLE TWO MESSAGES

The anly way out on a Mac. About 1 The settings and the command went
KB, and messages sent close together separately, and on Windows they raced
merge. each other.

15‘---.
e ————

THE QUEUE
Added 28 June. One message at a

time, large onas split into pieces

OME MESSAGE

A direct message channel, with the
settings and the command sent
together

4--.--
“m————

of "Wreng species drawn” was nat

PYTHON

The plugin reads the message and draws in Rhino.
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REFLECTION
Limits

NOT YET TRUSTED ON ITS OWN

The tool cannot yet be trusted to read a site on its own. Checked against
squares labelled by hand, the tree import scores an F1 of 4.9, against a target
of 95. Many species records are marked indicative, and the disturbance figures
are working defaults that have not been calibrated against monitoring data.

It was never tested with a community, or with the volunteers who look after
Warwick. Whether the drawings make sense to them is the question the next
stage has to answer.

The plugin was written with Al coding tools, and every figure in these pages
was checked against its source. Next | would test it with a community group
and replace the indicative records with measured ones

Full set- ap

ONE HAND-CHECKED 40 M SQUARE OF FREMANTLE

Every number on the score comes from squares like this ane

5 HOW THEY ARE COMPARED

The model's answer for this square,
from a model that never trained on
it. Green: kept, and a real tree. Red
cross: kept, but not a tree. Cyan
dashed: a real tree it dropped or no
source found.

THIS SQUARE

The import now: 5 real trees kept, 1 false tree, 2 real trees missed. 83% of what
it keeps is real; it finds 71% of the real trees.

The trained model: 3 real trees kept, 1 false tree, 4 real trees missed. 75% of
what it keeps is real; it finds 43% of the real trees.

Precision = kept trees that are real. Recall = real trees that were kept. F1
combines both (out of 100). The site score adds up every checked square the
same way; a model is never scored on a square it trained on.

& kind the F1 score




WHAT IT STILL GETS WRONG, GATHERED FROM THE PAGES

Checking the trees, page 160

The test set is small, about 4 points of chance either way. The vision model is
weak on bare winter trees and on bushland: at Cockburn it finds 38 per cent
of real trees.

Green

page 162

The target was 99 per cent and it is not met. At 1 m a mulch bed with small
shrubs looks like sand, and colour alone cannot separate them.

Animal gouache, appendix page 345

Faults in the rig carry into the painting. The Christmas beetle reads as a
smooth lump and the cockatoo crest is a stub, because both are missing on
the model, not in the paint.

Nests and tree hollows, page 102

Every hollow is drawn as the same round hole, though the records give a wide
entrance for the cockatoo and a spout or knot for the ringneck. Nests inside
dense crowns, like the magpie's, are not drawn.

en, page 104

The feeding c

Insects are drawn many times life size so that they read at all, and the quenda
model stands too tall on straight legs.

WHAT IS SCORED, AND HOW FAR IT FALLS SHORT

4 3
1 T

0 25 50 73
F1 of the tree import, out of 100, on squares checked by hand

target 95, |

the trained model, 71.6 not met !

75 per cent real !

the import as it is now, 64.9 :

52 per cent of the trees it places are real !
still open !

i

WHAT IS NOT SCORED YET

Species records with gaps no score
marked indicative in the plugin, not measured -
Disturbance no score
uncalibrated defaults, not checked against moﬁitoring data

Use by people and a community no scare

never tested
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CONCLUSION

Answering the question

THE QUESTION

How can a community space be designed to earn its ecological footprint?

THE ANSWER

A community space earns its ecological footprint when what it took has come
back. Before it is built it states what it will take, what that breaks and how
long the ground is owed, then holds to it

On Warwick the footprint takes ten plants and cuts the roots of nine more
Every species there is tied to others, and it breaks 40 of the 532 links
between them. The site is held until year 24, when the last plant taken flowers
again. With the building on pads 5 m east, it is released in year 79.

The answer is a footprint placed while it can move, and a restoration that
outlasts the building. The architect draws the end first. The ground decides
when the place has been earned.

WARWICK BUSHLAND




the building stands for fifty years

YEAR O
BEFORE

126 plants of ten species. 532 links
between plants and animals.

YEAR 1
THE BUILDING GOES IN

10 plants removed, 9 with roots cut.
40 links broken.

YEAR 50

TAKEN OUT, REPLANTED

The removed species go back in as
seedlings.

. D P
Fok ottt |

~e-3--34

the site waits for its food sources

e 1 ¢
-9
°

L@

[

o
..

YEAR 56
THE SLENDER BANKSIAS FLOWER

Western spinebill, western
pygmy-possum, ants and weevils can
return.

YEAR 79
THE ZAMIAS CONE

Emu, western rosella, common
bronzewing, silvereye, western grey
kangaroo, western brush wallaby,
quokka, brushtail possum, chuditch
and insects can return.

YEAR 94
THE GRASS TREES FLOWER

Honeyeaters, Carnaby's

black-cockatoo, honey possum, native
bees, black-cockatoos and quenda can

return. The site is released.

The Warwick stand through one bujlding's life and the years the site js owed after it

Figure by Author

235 mmm
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APPENDIX

IN THIS SECTION
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Software implementations:

Models were manually modelled in Rhino 3D.

Plugins implemented: VisualARQ and RhinoLands

Models were then rendered in Autodesk Twinmotion and edited in Adobe Photoshop.

Int%r‘ﬂiaces designed in Figma and Framer, designs were then translated by Claude into functioning code based
models.

Nen author prodrced images were created completely by Copilot and/or Gemini Nanobanana through text
prompting as well as throlgh image layering processes.

Some texts written with the assistance of Al, implementing local LLMs (Qwen 2.5 and Qwen 3.8 278) Claude, Codex
and Perplexity's chat based respenses.

_______ k]



Appendix

“YOU'D BE LUCKY IF YOU GET A TENT"




S g ey

-~ ~

¢ EEE

P il
The question of whether architecture can earn its place, rather than simply G v
assuming it, draws on several intersacting lines of inquiry. This section reviews the ‘ it a.uﬂ\ur-‘?. erfO_CL‘_‘_‘j 4‘
theoretical positions and precedent projects that inform the thesis, organised around argaitectare  depenes [ Takiag 1> mHJ"SI £
thres argumentative threads, scological obligation, designing fram the ending, and ‘ Sleis NewS o blang. .. \ bj g;vmg =7V §
adaptive negotiation

'. i
S8 EtoLogital PELGaTion M o 1ol

Jeremy Till's Architecture Depends (2009) provides the foundational critique. Till

argues that architecture habitually positions itself as an autonomous discipline, =~ —— i An Aatare. Huly mesk
exercising Cl:lﬂ.fl'l.:ll over contingency in pursuit of formal resolution. This autonomy preseryation 5 /
is a fiction; buildings are always dependent on forces, social, economic, climatic or ‘]'E[I—%kjﬂl’if? \ alre a [ o /
temporal, that excead the architect's contrel (Till 2009, 48). When architecture igneres St \ u?l &"’
these dependencies, It arrives an site with an authority it has not earned. This project e < o
takes Till's critique and extends it ecologically; if a building depends on its site for ~ Ny e e
its existence, what does it owe that site in return? v g D 7 ppppas0aT> e
: a ! { KIKN E . odagdl Seaas,
) Robin Wall Kimmerers Braiding Sweetgrass. (2013) offers an answer grounded in 4‘ e e
= Indigenous ecalegical knwredge Kimmerer desc.r\bes a rrflatuonsl’\np of  reciprocity (LE}T kit ne doesAT feuly cndmact ~
= between I‘;aa;s g;d 15::9 living wo::lg, whev]e -',akmgll:s }uatujﬁed cl;nly by g}wng I:hacl: MUTSAY Sea T 7 o i . a2
— [Kimmerer . 183). The concept "earning” in this project borrows from that :
Q framing, that a building earns its ecological footprint not through a one-off offset SD’ 2 é = T DaLy oae St
E but through ongoing, demanstrable contribution to the ecology it displaces. ADA"‘" < MUF Spevaiey peye |
— Timathy Marton's Ecology Withaut Nature (2007) complicates this further by arguing \ NEGotiATION pare =
that the very concept of "nature’ as 3 separate domain is 3 construct that prevents
<C meaninalul ecological engagement (Mortan 2007, 14} If there is no pristine nature to . W‘“:‘Ef.ﬂ. 5
F:} protect, only an entangled mesh of relationships, then the building's obligation is NS oM PENAS L lafmD =y
— not preservation but participation. Hd & ope —_ =
L — ——
S Stewart Brand's How Bulldings Learn (1994) demonstrated that buildings change
8 fundamentally over time, and that the best bulldings separate fast-changing slements
i from slew anes, what Brand calls "shearing layers” (Brand 1994. 13). Brand's cancarn is . . .
i{: with the bullding's life; this project extends his temporal awareness ta the building's Dsslww Gm o =
death, asking what conditions the building must create for the ecology that T éﬂﬁ\-“-ﬁ — e Eoodl
follows it. Cedric Price’s Fun Palace (1964) offers a more radical pracadent. Price Sheantg lagys
designed the Fun Palace as & structure in perpetual process, one that is never finished, i “3 : a” N
always adapting, and designed from the outset to be dismantled. Price rejected the = how D h"'x Lensn, o
e Tdina ; 3 k Seady 4 BuT only Wikle STetc,
agsumption that a building's value lies in its germanencs, framing his creativity as g k"ﬂ
sustained by a delight in the unknown (Mathews 2005, 81). The CTRL+Z studio's framing y .
of architecture as duration rather than object draws directly on this linesge / RWC‘I‘{\E b}n‘é;::swm
lan Ritchie st (20 i v [ heyT para. P fivea
n Ritchie's Ghost Bam (2023) provides a contemporary precedent The Ghost ‘J -
Barn reinstates a vanished agricultural bullding as a Corten mesh structure with no | apsenceas £un\ L Siptstel
foundations, no'columns, and no programme, just a form between architecture and pQJCE _::g:":'
abeence (Ritchia 2024, 54) Ritchie invokes the Japanese concept of ma, essential
emptiness, describing a space that gains substance from what it withholds rather than \ c}m © e “‘?’ 1 braxe
what it contains. This resopates with the current praject's refusal to fix the building's cthkant in Tae
function in advance. \ U Krowia
i o A
Muf architecture/art's practice of working *with rather than for® communities infarms - — e S

the negetiation stance of this project Rather than amiving with & predetermined What woyicis ::“h“'
programme, muf's method makes visible the competing claims on a site, halding space raone n.@w ot wq,n“‘! 5

I () for unresolved tension as a productive candition (Muf 2001, 12). Jack Kirne's concept of A Price ale E"‘“"‘e' Gay’
*strays® adds a3 further dimension; those who exist outside dominant systems perceive
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Figure 8. https,/ /wwwgoogle.com/url 7sa=i8url=httpsth3A%2FBZFwww nbenews.

com2Ftechnolog®2F new-robatic-ball-way-spheros-creator-ready-roll-next-big-6c10921794 Figure

9. &psig=ADvWawledli_FqeWEZWRwspHd|Y 8ust=1759914 559809000 &source=images&ed=vieZop

=B95784498ved=0CEgQjhxqFwoTCLiwh-TekZADFQAAAAAJAAANABAE

Figure 10. httpsi//www google com/ url Pss=ifurl=https%3AR2F %2 Fwww slashfilm
eomb2F780660%2F how-the-jurassic-world-team-pulled-off-that-gyrosphare-scens®2
Fapsig=ADvVaw2nR23bpBeuYuDCuAped-squst=1759915143540000&source=imag-
esBed=vieRopl=B997844% &ved=-0CBgQjhxqFwaTCLD8ovngkZADFGAAAAADARAAABAT

Figure 11. https://www.google com/url?sa=iBurl=https%3A%2IF%2Fwww dreamstime com%2Ffigure-
glowing-hands-reaches-out-to-twi-ratating-spheres-made-interconnectad-lines-dots-represanting-
figure-image326993600&psig=AO0vWaw 1kInDik-kgoPSWNv3EIDUu&ust=17599153033410008s0urce
=imagesfed=vie&opi=89978449 8ved=0CBgQjhxgFwaTCKDT-cfhkZADFQAAAA AJAAAA ABAE

Figure 12 https://www.google.com/url Psa=i&url=httpsFa3A%2FE2Fwww vecteezy.com%2Firee-
wideos % 2Fradar-scan &psig=ACvVaw3XUIVKUp| DpFt99dIsbUBust=175991551 3195000 &source=ima
gesfed=vieRopi=89978449&ved=0CBgQjhxaFwoTCJiwkK _IKZADFGAAAAAAAAAABAT

Figure 13, https//www.qoogle.com/urlPsa=i&irl=httpsB3AG2FR2Fwww pintarest
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10OCT 2026 | THE SIX PLANTING ARRANGEMENTS IN 3D

Six ways of planting

SIX ARRANGEMENTS, ONE PAGE IN PLAN

Scattered, clustered, linear, edge planting, dense mat and hedge or line, each
drawn from the side and from above. None of them is ecologically neutral, so
they are compared on one page.

The arrangement affects what grows between the plants as much as the
choice of species does. A dense mat shades out weeds and the seedlings
of everything else. A scatter leaves open ground, and open ground on
Bassendean sand is where veldt grass gets in.

=] 01 SCATTERED 02 CLUSTERED 03 LINEAR

The six planting arrangements in 3D, built from the same layout engine the

Figure by Author
panel uses, to see what each one leaves between the plants.

FINDING

The dense mat only reached 2,216 plants at a spacing of 212 mm. At the
stated 420 mm the engine gives 577,

CHANGE

A plant count is now checked against its own spacing before it is quoted.

Full set appendix, page 41

_______ Ll



THE SIX, FROM THE SIDE

01 SCATTERED

Even spacing

04 EDGE PLANTING 05 DENSE MAT 06 HEDGE OR LINE

4 band held against the boundary Cloze- d on a hexagonal grid Follows a curve the designer draws.
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1 OCT 2026, REDRAWN 2 OCT | ELEVEN HOST PLANTS, RANKED BY THE ANIMALS THAT USE THEM

Host plants with and without their animals

RANKED BY THE ANIMALS THAT USE THEM ELEVEN HOSTS

Each host plant stands on the same ground twice: once with the animals 6 animals use the moonah.

its record names, and once without it, where the same animals are ghosted

because they have nothing left to use. The hosts are ranked by how many 35 animal uses across the eleven-hosts.
animals use them, and the animals are drawn larger than life so they can be

read.

13 different animals.

READING THE PAIRS

The Moonah names the most and the Jointed Twig-rush names 1. Without the
plant, the plot is bare and its animals are drawn as ghosts.

THE HOST USED BY THE MOST ANIMALS

REFERENCE

Deds. 2013 *Pine as Fast Food

ck, William D, Hugh Finn, Jackson Parker, and Ken

oraging Ecolegy of an Endangered Cockatoo in a Fo
eh1145. https://doi.org/10.1371/journal pone 0061145

stry Landscape.”

Mal: d by the

el Lady,

P
Western Spinebill, New H
Christmas Beetle and Mo

_______ kT



THE OTHER TEN, IN RANK ORDER: THE NEXT FOUR

. -

WA PEPPERMINT, 5 ANIMALS

Agonis flexuosa. Used by the Blue-banded Bes, Australian Painted Lady, Christmas Bestle,
Western Ringtail Possum and Camaby's Black-Cockatoo
5

|
COAST MAT-RUSH, 4 ANIMALS

Lomandra maritima. Used by the Blue-banded Bee, Australian Painted Lady, Christmas
Beetle and Fence Skink

TEST

Eleven host plants drawn with their animals and without them, on the same
ground and at one scale.

FINDING

The eleven name 35 animal uses and 13 animals. The audit then found that
Maritime Pine was missing from the library, although Carnaby's Black-Cockatoo
feeds on it heavily on the Swan Coastal Plain (Stock et al. 2013).

o«
»

Eucalyptus wandoo. Used by the Westam Spinebill, New Holland Honeyeater, Carnaby's
Black-Cockatoo, Australian Ringneck and Brushtail Possum

WANDOQO, 5 ANIMALS

PRICKLY COTTONHEAD, 3 ANIMALS

Conostylis aculzata. Used by the Blue-banded Bee, Christmas Beetle and Bull Ant

CHANGE

Maritime Pine was added on 25 September carrying Carnaby's, so the
cockatoo's food list now includes it.

Full set: appendix, page 414
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1 OCT 2026, CHECKED 10 OCT | THE LIBRARY, MEASURED AGAINST ITS RECORDS

Thirty plants at maturity

THIRTY PLANTS, KEYED SHRUBS,1TO &

Thirty plants from the library, each drawn from the mature height recorded for
it. The shortest is the Prickly Cottonhead at 0.3 m and the tallest is the Tuart
at 30 m. The seven trees share one scale. Each row of shrubs or understorey
is drawn as large as its page allows and carries its own scale bar, so heights
compare within a row and against the bar, not across rows.

SEVEN TREES 1 2

20

5 & 7

1 Holly-leaved Banksia, B m 5 Flooded Gum, 15 m 4 5 b

2 Swamp Paperbark, 8 m & Native Willow, 5m 1 Yellow Buttercup, 0.6 m 4 Pinkcups, 0.6 m
3 Christmas Tree, 6 m 7 Tuart, 30 m 2 Morrison's Featherflower, 0.8 m 5 Common Astartea, 2 m
4 Sheoak, 12 m 3 Hummingbird Grevillea, 1.2 m & Silky-leaved Blood Flower, 1.5 m

_______ ki



TEST ELEVEN OF THE UNDERSTOREY
Thirty plants from the library drawn at maturity, numbered and keyed, as a { In
check on the set

FINDING A L W e D

The rows are drawn at three different scales. Measured against their records
the trees sit within 5 per cent and the shrubs and understorey within 3 per
cent; the grass tree's flower spike stands 73 per cent above its recorded
height.

CHANGE

The title no longer claims one scale, each row carries its own scale bar, and
every row was rendered again at the recorded heights.

KEY, UNDERSTOREY

1 Prickly Cottonhead, 0.3 m 5 Jointed Twig-rush, 2 m

2 Commaen Dampiera, 0.4 m 6 Sea Rush, 1m

3 Purple Flag, 0.5 m 7 Pithy Sword-sedge, 1.5 m
4 Red-and-green Kangarco Paw, 0.9 m 8 Blueberry Lily, 0.7 m

9 Kingia, 3 m

10 Grass Tree, 2 m
11 Fraser's Cycad, 3m

Shrubs 7 to 12: appendix, Figure by Author
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WORKING STUDIES | 13 AUGUST TO 24 SEPTEMBER 2026

Beds, roots and range

STUDIES

These studies fed the pages befare. They test how symbols sit together in a
bed, whether a root drawing changes when the soil behind it is switched on,
and where the species in the library come from.

In the soil test the roots stay the same and only the ground behind them
changes, so a section can show the site's own horizons without redrawing the
plant.

R i3 =t

o A pla 13 Augus
Roots without the sail, and with it. 29 Aplanted row 13 Augbst

June.

Full set: appendix, page 416

50

ANIGOZANTHOS MANGLESII, EIGHT PLAN STYLES

v T -
s A & | A
® +
L v ¥ v
4 V a a
SIMPLE HAND-DRAWN DUOTONE COLOUR-CODED
v
U a
*
v v
4 A
ILLUSTRATED WATERCOLOUR STIPPLE TICKED

WHERE THE SPECIES COME FROM
-y
. N

\JU

_—

Where the library's species come from, cropped to the latitudes that carry plants. 10
September



ONE BED, SIX PLAN STYLES

The same planting bed in six plan styles, from bare outlines to full crowns: trees aver shrubs over grasses, drawn with the plugin's plan symbaols

DUOTONE

£ye

. @
COLOUR-CODED WATERCOLOUR ILLUSTRATED
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Appendix: full sets

YEGETATION ANIMALS
The specles in the field 292 The fauna models 351
The species record 293 Named in the plant records 353
Trunks, branches, leaves and flawers 297 Nests and tree hollows 355
Flower types 302 The feeding garden 356
Flowers from three sides 3n Flower visitors 356
Root systems 314 Flower visitors, painted 357
Calibration 317 Seed eaters 359
Four views 322 Seed eaters, painted 360
Plants in plan 328 Predators in the feeding garden 360
The year in plan 336 The heney possum 361
Growth and seasons 338 Introduced animals and urban pressures 362
Watercolour rendering 343 Habitat fittings 364
The library, a selection 345
Grouping 348 ASSEMBLIES
Plant and building lifespans 350 Assembly types 366
Walls, slabs and roofs 368
Walls made of the site 369
How walls meet 370
Stratigraphical walls 371
Layered and strata walls arn2
Green wall systems 373
Planters, banks and planting walls 374
Brick walls 375
Slabs and roofs 376
Stairs and railings 378
Habitat walls 379
Green walls and planters 383

______ iyl



GROUND

Reading the ground
The live section

The live section in 3D

THE TOOL

The companion in Rhine
Section, seasons, plan
Scenarios

The ledger without the plugin
Interfaces

A standalone app

WARWICK BUSHLAND
Site visit

SITE IMPORT
Data sources
Trees

Checking the trees
Green spaces
Roads

385
386
389

390
3?1
393
395
397
398

400

40
403

405

THE TEST

Three states of one site

The bay, taken apart

The ground under the footprint
One tree through time

One plant and what depends on it

FINDINGS

Roots against the footprint
The 300 mm line
Dependencies broken
After the building

Moving the footprint

THE LEEUWIN PROJECT
Massing

REFLECTION
What took longest to fix
Limits

CONCLUSION
Answering the question

WORKING STUDIES

Six ways of planting

Host plants with and without their animals
The library, set 2 of 4

The library, set 3 of 4

Beds, roots and range

405
406
406
407
407

408
408
409
410

4an

4an

412
413

413

413
414
415
415
416
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FEBRUARY TO NOVEMBER 2026

Process: the year

FEB MAR , APR , MAY JUN JuL AUG SEP ocT NOV
REVIEWS ! id review Eﬂna\ review SUBMISSION}
site visits bnef" !
SITE AND BRIEF ¥
E app vl v2 E parameter box the spec
DEATH MANUAL H b '
: Bpp v
: first commit Joins at ful| depth
BUILDING : b~ - . . . .
E E species libra organs !
LAY : i h—g_:
H TOOtS
E first fauna module
ANIMALS H q
H ' auna v '
: : site bundle i
SITE IMPORT ) """ . =}
E first web panels diagram view
INTERFACE H H m ]
H 1 wiswer '
: E hysical modél
MAKING E ~P Y
E mid review texts
BOOKLET H H . |
! ! diagrams
How long each part of the work ran, from its dated process pages; reviews in rad. Figurs by Author

Bl



THE DEATH MANUAL REVERSES THAT SEQUENCE

CONVENTIONAL PRACTICE RUNS FORWARD
A

* Brief

\
v THE END

frafted first

What does this site look like after the building is gone?

o Site

@ Programme
; W
! . THE LIFE
a Form / I follows from that commitmer :
'." i What does the building look like in operation, adapted,
& used, negotiated with the community?
® Construction the end becomes the first drawing '," i
@ Occupation "_,"‘ v/ !
§ THE BEGINNING |
‘.,-' comes last
& 1 What are the conditions of the existing ecology?
are three arawl

with demolition. Figt

s forward and an




LIFECYCLE VISUALISER: PROTOTYPING

The tool all ner to gatl

colegical data; species assembla sai| profiles, groundwater depth

fire history, alor such as footprint area, ground cow and material

ratio; Toundation ty|

toxicity, It then generates three comparative views: the site before intervention, the site during the building's life, and

the site after the building's removal. Each view is measurad

gainst the Death Manual's restoration targets.

The tool does not predict the future. It makes the ecological cost of design decisions visible in advance, =o that the

] ‘ ' v“j /
- ""mj_:—:_;?—;j

Death Manual's constraints be n abstract

15t the restoration protocol

| |
Sereen 1 Sereen 2: Screen 3
Launch Screen / intro to tool Site Selection Data Gathering

Desgin Strareyy.

AT TNDEA.

) 8%

[ sl pahiheha bedi

e J : BiAsiA contracT:
- e Paaiga perasTiny -
—y et |

Screen 4: Screen 5 Screen &
Al Data Analysis End, Life & Beginning + Design Strategy + Visualisation
______ it

INITIAL ECOLOGICAL PARAMETERS

What follows is a ation of wh tool measures, what

data it ingésts, and how those readings are translated Inta binding

ints any future proposal must answer to

iown here are lllustrative: The toal re

hem

ever site it |sd

f whick

SPECIES RICHNESS TARGET,; Minimum native

BCies count  per

ed

100m? required at p nissioning restoration, benchmar

against the nearest Intact reference site At Warwick, this s &7

species per 100m? (Gibson =t al. 1994}

WEED LOAD CEILING,; Max/mum p

ad introducad speci

100 m* quadrat, set against the intact reference condition for the

site

CANOPY COVER PRESERVATION; Minimum |

y retained within & defined buffer of the bullding footprint

continuity Tor the dominant 5[

HYDROLOGICAL RETENTION; Minimum percentage of per

tain

g, calibrated to sus

surface within the devalopment enve

local

recharge ot runoll conditions appropriate to the site's

hydralogical contett

SOIL DISTURBANCE DEPTH, Maximum permitted excavatic

depth, set to praotect the soil horizons, microblal netwarks, and

oot Systems characteristic of the site®s sibstrats

this thrashold is sat at mm, a canservat




DEATH MANUAL
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LIFECYCLE VISUALISER V1: DATA PROCESSING

The toal's intelligence is not in the interface. It is in what happens between the s

scan and the interactive panel the designer eventually sees. The diagram bel

traces that process, site data is drawn on seven layers of ground-truth data, gathel

from a combination of remote sensing, and existing ecolagical Inventories, as well

additional envirenmental support from Goagle's new GoogleAlpha project. Then t

is then passed through a Machine Learning unit that compiles the data and agains

fixed set of ecological parameters drawn from the Death Manual, then weighed by |

Artificial Intelligence against the site's measured capacity, and returned as a dynar

interface whose allowances shift in ra

| time as the designer adjusts the proposal. |

designer does not decide aloge. The dground is a silent se‘cjcun.r!I'PaLu"Elt‘mr at every step

1. Three-panel dynamic interface
(End / Life / Beginning)

2. Live parametric sliders with
allowances that tighten or loosen
based on ecological capacity

3. Restoration ledger; & running
tally of what the building takes
and what it owes back

4. Final Status; Go [/ flag / refuse

indicator against Death Manual

thresholds

-
N e

41!
2
3
4
5

ECOLOGICAL PARAMETERS

. Weed load ceiling

. Groundwater recharge

Species richness target

Canopy cover preservation

Soll disturbance depth

MACHINE LEARNING (ML) is a subset
of artificial intelligence (Al) focused on

kiiildinA evetearme that laarn natterne
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WHO IS THE TOOL FOR?

|IF THE ECOLOGICAL COST OF A BUILDING IS VISIBLE BEFORE IT IS BUILT,
WHAT EXCUSE REMAINS FOR BUILDING IT ANYWAY?

This tool is a work in progress.

Version 1: https//bottom-stone-59794565 fioma site

Version 2: https:.//zero-width-43153284 figmassite

Version 3: (not fully wo [ fronvew figma com/proto/dMWloticYwPoyDe GIGP/ thesis-app-v1?nod
wport=18965%2CB05% DmBMfa7CmbB4h5-1&scaling=contain&content-scaling=responsive &start|
id=1%63A7B4 & page-id=

7B4Bvie
g-paint-node-

Notes 2
e o ! that mal |[barat =Me )ange ca
What happens with this data?
i rient th i 1y is seen, understood, and
*  Who holds the Manual after the building is built?
al 1at was b jround t toregroun 1at
+ Do we need to "make"/oblige the users to do what's best far the site?
or just let them make some "quick maney" out of their immediate necessity and ruin the site and its cycle? 4 . g
: : T small st re liges an ent vzl field. Drawing on
+  What if the developer ignores it; is it advisory, or binding? ne ! ; :
P ter Gates's pract T using el f val jenerati
Can the tool refuse to generate a plan that fails the ledger?
wt losses bt reframir that t 8} iewar t anstru
Is the volunteer bush earer the auditer?
mearing arour hat sing (Ritehi 73], He T 1

Who pays for the audit?

+ Do we trust the people who benefit from the answer to ask the question?



LIFECYCLE VISUALISER WEB APP V4

SITE AND CONTEXT ANALYSIS




FEBRUARY TO MAY 2026

Semester one: the Death Manual as an app

In Semester 1 the Death Manual became an iPad app. It had three columns,
the End, the Life and the Beginning, with sliders for footprint, coverage, depth,
toxicity and lifespan. It went through three working versions between April

and May before it moved into Rhino.

THE IPAD MOCKUP, 31 MARCH, AND THE SITE SEARCH, 9 APRIL

AlM

An app a community could use to see what a building takes from Warwick

Bushland before it is designed

PROBLEM

The app could show the numbers but could not draw the building. Nothing it

made could be built from

OUTCOME

A plugin inside the drawing software, so the numbers sit on the mode| that

gets built.

[

31 MARCH
Thie (P

1 me

), typing Wa

9
= .

s — =

a w ' v °
alalafrialnfrinlt

goapoon

it s v [ —- -

— . -y

9 APRIL

wiCk Bust

and



WHAT HAPPENED IN SEMESTER 1

18 FEB TO 3 MAR | THE SITE

The site chosen by drawing from a hat, then 325 site photographs at Warwick.

24 FEB | FIRE CARDS
A deck of bushfire playing cards, the first exercise.

24 MAR | THE BRIEF
The CTRL+Z studio brief and the reading and making plan.

31 MAR | MID REVIEW
The Al presentation and the iPad mockup.

10 TO 11 APR | APP V1 AND V2

Built in Figma Make and published as two figma site versions. Mortality maps
of the site for 2002, 2017 and 2025.

10 MAY | FINAL REVIEW
The A2 project proposal, then the A3 panels on 13 May.

30 MAY | APP V3

A React web app with Mapbox, checking a design against the Death Manual
thresholds.

31 MAY | THE FIRST RHINO LINK

Grasshopper Python nodes talking to a Flask server, with the Warwick site
data.

THE RESTORATION LEDGER OF VERSION 3, ALL SIX PASSED

Footprint area 150 m?

Ground coverage 8%
Fire regime . 7/10

Canopy restoraton ~ 68%
Weed load ' T 3sp/l00m?

Soil disturbance ~ 200mm
ECOLOGICAL SCORE

65

65, go line

3 scored this design 65, on the go line; 42 is the flag line. Cropped




COOL DATA... NOW WHAT?
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DESIGN COMPANION
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DESIGN COMPANION
RHINO IN BROWSER PANEL
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EXISTING VEGETATION

AUTTOMATHC PLACING AND VISUALISATION

Speties occurrence data pulled from the Atlas of Living Australia gives the companion a list of what is
presant on site That fist becomes the source for s procedural tree library inside Grasshopper, each
species gets its own geometry, parameterised to a range of crown spreads and growth stages.
The library 1s net a esllection of gensric tres shapes. It s rebullt frem the cecurrence data for each
project run, it s this site's true vegetation, not a placeholder for vegetation in general

Placement is automatic- A Grasshopper compaonent reads the canopy density estimates from the survey
data; distributes tree instances across the site boundary layer, and populates the Rhino viewpart
without any hand-placement. What appears in the 3D view is a computed output of the ecological
record.




MANUAL RHINO 3D MODEL; STAGES OF XANTHORRHOEA

The procedural vegetation library began with hand-modzlled geametry. The
Grasshopper definition reads these geometries from a referenced library,
matches them to species occurrence records from the Atlas of Living
Australia, and places instances procedurally across the site boundary layer
using a distribution weighted by canopy density estimates,

This example of Xanthorrhoea component is parameterised by caudex
height, crown radius, and leaf count, with each variable driven by a
normalised growth stage input (0-1). The script below generates the base
geometry for a single Xanthorrhoea preissii instance. This is replicated for
all species in the live librany when they need to computed into the viewport,
grasshopper craated a visual representation of each species from a base
code that auto-generates itself according to preset set internal parameters

import rhinu-:rlntuyntax a8 rs
om

Aimport rand
import math

def generate anthorrhopa(ori-
gin, growth_stage, sesd-Hone):

Ganerstes a Xanthorrhoes
preissii gecmerry.
1 0.0 (Juve-
m}p to 1.0 [mature)
origin: Rhino Pointdd

f if sesd:

I )

random. seed(seed)
B Trunk parameters
juvenile te 2.89m maturs
trunk_radius = 0.06 +
(growth_stage 4 0.18)

# Crown parameters
leaf_count = int(B0 «

(prowth_stage * 120)) & 80
juvenile to 200 mature
leaf length = 0.4 +
(uznnh -t-gs T 1)
spread = 0.3 +
(nxnnth stnge + 1.1)

geometries = []

# Trunk
trunk_base = origin
trunk_tep = rs.PointAdd(-
nxlﬂln. [n. 0, trunk_height])
= ra.AddCylinder(
PlaneFromNor-
m.l(mmk huim [a, 0, 113,
‘trunk_height,
Erunk Emdiis

3eometrieu,lnpuﬂd(trunk)

o Leaves
for i in range(leaf_
count):
angle = (2 = math.pi
* 1) lgaf count
& += random,uni-
form(-0. vs 0.05)
droop = randem.uni-
form(8.3, 0.5)

Leat_start - trunk top

1e
rs. nnintnﬁd(trnnk top, [
math.cos(angle) *
crown_spread * 0.6,
math.sinfangle) *
crown_spread * 0.6,
laaf_leﬂgth L -
eaf_an =
rs.PointAdd(trunk_top, [
mth.cnuEnngl‘a) .
croun_spresd,
math.sin(angle) *
crown_spread,
~(leaf_length *
drosp)
n

leaf_curve = Ts.Ad-
dCurva([leaf_start, leaf_mid,
leaf -nd]. ]
eomatries.append(-
enT i)

raturn geonetriss

PROCEDURAL GROWING VEGETATION IN GRASSHOPPEI
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aRUN

ARCHITECTURE DESIGN
READING OF GEOMETRY
AND ASSEMBLIES

The compahion draws on savaral simultaneous
data layers that do not all originate from the
same soufce Site boundary geometry comes
from a named Rhino layer Building element
geometries, slab, walls, roof, planting zones,
come from separate named layers parsed by the
Grasshopper canvas. Ecalogical oceutrence data
is pulled live from the Atlas of Living Australia
APl Wesd zone polygons ans resd from a GIS-
sourced layer mapped into the Rhino coordinate
system,

Each layer feeds a different part of the
computation. Mone of them communicate
directly. Grasshopper is the interprater. It reads
the geometries, calls the extsrmal APT, runs the
intersaction tests, and computes the ledger
values A single move of the building footprint
in Rhino can simultaneously update the
- footprint area, the at-risk species count, and
~ the weed zone intersection percentage.

)B4




AN EXPANDED LEDGE

TEMPORAL PARAMETERS place the building in time. Intended Lifespan governs the scale of ecolo
debt per generation; a sharter commitment means a smaller debt accruing to any one bullding ¢
Review Period mandates & S-year ecological audit frequency during operation. Adaptation Tri
sets the canopy hald belew which fing must be dac ed early, regardless af
ariginal lifespan commitment

MATERIAL PARAMETERS guantify what the building deposits in the ground. Material Toxicity I
flags pressure-treated timber, chemical adhesives, and non-separable composites as binding violat
Embodied Carbon, currently at 200 kgCO,/m’, is weighed against the restored ecology's sequestre
potential, the building must not emit more carbon in copstruction than the restored woodland
sequester across the manitoring period

GOVERNANCE PARAMETERS are binary. Custodianship Clause asks whether the Death Manu
held by a named community group, council, or Whadjuk custedian, Public Legibility asks whether
ecological cost data is publicly accessible before construction begins. Bath are eurrently set to No.
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Visit this link for a demo of the U
{not connected to Grasshopper ner AP, demo
data from Warwick used.
https//manu-thesis framerwebsite/live-demo




il MATERIAL CONSEQUENCES:
er  WHAT THE BUILDING LEAVES BEHIND




THE MYCORRHIZAL NETWORK

JPT

The Mycorrhizal tab visualises the one thing that cannot be seen from above.

litat t
n t = When a foundation pla:ed it does not just remove the soil
baneath the building. Tt savers the natwork threads passing through that zone, isolating sections
of the woodland from each other.

The network map updates in real time as the footprint is repositioned in Rhino. /




VEGETATION AND THEIR ROOTS VISUALISATION

FROM REAL SKETCH, TO GENERATED SKETCH, TO 3D MODEL

Texture to add

crevices aleng

= Darken more
A where there is

e ——

The vegetation library is not yet complete. What exists at this stage is a pipeline,
not a finished database

The goal is to build a gallery of section drawings for the key species of the Swan
Coastal Plain, accurate enough to be technically useful, and drawn in a consistent
hand that keeps the database identifiably personal. The drawings show bath the
above-ground form and the root system below: the section view is the one that

matters most for this project, because the root is what the building's footprint
actually threatens,

In this instance the output is not 3D geometry but a 2D vector section, Python code
integrated in GH generates these procedural plant drawings, producing section
views from species parameters rather than from pre-drawn assets. The results are
rough for now, it is not yet a polished illustration teol, but they are consistent and
scalable across species

Eventually these 2D sections will sit alongside the 3D Rhino aqeometries already
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VEGETATION GROUPING

“urrstice date, the companion cross-references their root
system characteristics and mycorrhizal associations. The grouping algorithm compares species
parameters and clusters plants that can coexist underground without displacing each other's
fungal netwerks or competing for the same soil resource zones (Kimmerer 2013 20)

in the comentior U1 & set of compatible
» W LS s

clusters,

MNarthern adge

afterward, Irregul oupings, variable densities, no compaositianal hierarchy

EXISTING VEGETATION NEW VEGETATION GRONBW CONSTRUCTION

» P i




VEGETATION GROUPING

BALQ)TOMAT?C GROUPING PLACEMENT

The designer's input is & closed curve drawn in the Rhino viewport. It defines
a planting zone, an area the designer has determined should receive new

vegetation. Everything that follows is computed.




EXISTING VEGETATION
A TEMPORAL ANALYSIS OF WARWICK BUSHLAND

ELEVATION FROM SPECIES RECORDS

Every plant in it was generated by the Design
Companion from a species record, at the height and
crown spread the record gives for a mature plant, and
placed at its distance from the viewer.

| work this way because | can chase an error in a
generated drawing. If a banksia looks too heavy, |
can trace it to a number in a file and decide whether

the number is right. Several of the corrections in this
section started like that. A plant looked wrong, |
traced it back to its record, and the fix then carried
into every drawing made from that record.

Distance is shown with opacity, not line weight, so
the plants further back fade without being drawn
differently. The trees at the front are the ones named
in the site inventory. Behind them is woodland of the
same community, which the survey gives as a density,

with no individual trees,

The birds are in the elevation because the pla
underneath them are a foed supply and nest sif
Without the birds the drawing would only be
stocktake.

Existing vegetation elsvation, generated in the
Design Companion from species records, Figure by
Auther.



SPECIES RECORDS AND THEIR DRAWINGS

The top half of the spread is the data. Each species
has one flle, holding height and canopy spread by
age class, root type, root depth and spread radius,
mycorrhizal affinity, flowering and fruiting months,
conservation status, the fauna recorded feeding or
nesting on it, and a Noongar name where one has
been given. The bottom half is what the engine draws
from each file, with nothing added by hand.

e e nd

The library held 737 records when this spread was
drawn, 517 of them with fauna associations. It now
holds 919. Every drawing in this document can be
traced back to the file it came from.

This also shows where the method is weak A record
filled in by genus fallback is drawn as confidently
as a sourced one, and it is still a guess. There are
134 records on a default root depth of 500 mm and
118 on a default spread radius of 1400 mm, so their

|
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e e

roots come out the same size whatever the plant
above ground is doing. Anather 479 have root type
recorded as fibrous. Some of that (s true of the plants
and some is a default that was filled in when nothing
better was known. The record does not say which

| am keeping those numbers visible as data quality
work so they do not get averaged away.

Species records and the drawings generated from
them. Figure by Author.
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THE DESIGN COMPANION

What the plugin reads

The Design Companion is a plugin for Rhing, the
modelling software architects already use, and a
standalone app that opens the same project without
it. It is for designers and the communities they work
with, before anything is drawn.

It reads a site in layers: the ground and its horizons,
the roots and the zones a footing must not cut, the
plants and how they grow, and the animals that
depend on them. The building comes last, as one
more layer read against the others.

The order matters. A footprint drawn first decides
what the site loses. A footprint drawn last has to
answer to what the site already holds.

______ ey

The Warwick stand at 50 ye

ars,

THE BUILDING

15 x 11 m footprint, as drawn by the designer;
red dashed: the same footprint read on each
layer below.

ANIMALS

532 links between plants and 28 animal
groups, the bigger the disc, the more links
break if that plant goes.

PLANTS

126 plants of 10 species, canopies grown to
50 years by the growth model.

ROOTS

Root zone of each plant from its record; filled:
the structural zone a footing must not cut.

GROUND

Spearwood sand; red dashed: the 300 mm
excavation line of the Death Manual.

read layer by layer Figure by Authar



The tool: the companion in Rhino

THE COMPANION IN RHINO

The companion now runs as a Rhino B plugin on Mac
and Windows, docked beside the model, so the cost
sits next to the drawing. In Semester One it was a
page on a local server.

Each parameter scores between minus five and plus
five. The weighted set gives a base ecological score,
and a Climate Urgency Multiplier then produces a
second, climate-weighted score beside it. | kept
them as two ledgers so a good score cannot hide a
bad one.

Full set: ap x, page 390

The clearest test is the vision plan. Entered as

the eleven values the 1,500 dwelling community
vision plan implies, it scores minus 4.36 on the base
ledger and minus 4.81 climate weighted. Every card
is critical and the verdict is REFUSE. Run on the
measured site bundle with nothing built, the same
engine returns GO at plus 1.23. If the ledger failed
the unbuilt bush as well, its refusal of the vision plan
would mean nothing.

THE VEGETATION LIBRARY PANEL

The panel runs inside Rhino on four tabs: Vegetation
Library, Species Dossler, Vegetation Groups and
Vegetation Schedule. Each species opens into
eight views: Specimen, 3D Preview, Close-ups, Plan,
Elevation, Section, Data and Seasons.

Under that is the Interactions diagram. Each arm is a
species that depends on this plant or that this plant
depends on. The disc at the end is sized by the
strength of the tie, and the line is dashed where the
exchange happens below ground. These are the ties
a footprint can cut.

s S o=
Uetatnscs tmaniis
Gpecimen D Preview  Clseups Fan Enesen  Section

s Sesecra
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12 TO 30 JUNE 2026

Assemblies: walls, slabs and roofs

The plugin began as a BIM toal inside Rhino. In
the break after Semester 1 the first sessions built
walls, slabs, roofs, openings and railings, drawn
by hand or from a curve, with a section cut engine
and a docked panel to run them. A 19 species
library came in on the same days, but the building
was the first thing the tool could make.

AlM

Walls, slabs and a roof that join and cut in section,
so a drawing set could come out of the model.
PROBLEM

It was a building tool with plants added. It did not
yet measure what the walls would take out of the
ground.

OUTCOME

The panels moved to a web view on 26 June, and
after that most of the work went inta the species

library.

101 commiits in June. July and August had four
each.

12 JUN | FIRST COMMIT
Walls, slabs, roofs, openings, a section cut engine

and 2 19 species library, built in 21 sessions on one
day.

14 JUN | WALL, SLABS AND ROOF WORKING

Joined and cut in section.

26 JUN L FIRST WEB VIEW PANELS
The docked panels move from Eto to HTML.

27 JUN | LEVELS, SECTIONS, STAIRS

A levels panel and walls that know their level, a
sections panel, then stairs, columns and beams, on
one day.

27 JUN | RAILINGS

Railing families of several members, drawn along a
line with a preview of the profile.

28 JUN | SHEETS AND HATCHES

Hatch and fill patterns on sheets, and the scaffold
of a desktop app.

a TOOLS

Architecture
@ Draw Wall
n Draw Slab
u Draw Roof
- Doors

’ Draw

THE TOOLS PANEL, 6 JULY

openings.a

. From Curve

. From Curve

. From Curve

a Windows

. From Curve




The tool: section, seasons, plan

SECTION AND SEASONS
Section draws the plant in its ground. With accurate o
soil on, the herizons come from the plugin's
Bassendean sand profile, and the roots are built

at their recorded depth and spread. Here they are
fibrous to 0.7 m and spread 4.0 m undera 33 m
canopy on a 5.0 m plant, so a footing can cut roots
outside the canopy line.

Seasons has two modes. Year round stacks the
annual cycle into ane glyph so species can be
compared. Live steps through the months, dormancy
included, to show when each plant is in flower.

Seasons, year round: the whole annual cycle stacked into
one glyph

Full set: appendix, page 391

PLANTS WITH AND WITHOUT THEIR ANIMALS

b
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TWENTY FUTURES

The tool: scenarios

TWENTY SCENARIOS
One design gives one outcome, so the tool tests it

against twenty scenarios. Each changes the same
model by a fixed rule, and they are grouped under
the Death Manual's three states.

Dunne and Raby describe futures as "not a
destination or something to be strived for but a
medium to aid imaginative thought" (Dunne and
Raby 2013, 3), and the scenarios are written in that
spirit. None of them is a prediction.

None of them is baked into the model either. A
scenario is drawn over the geometry by a display
conduit and disappears when you step off it.

OPTIONS AGAINST ALL TWENTY SCENARIOS
A proposal can always be made to look reasonable

by choosing which future to show it in. Design
options are saved as Rhino snapshots, each a real
arrangement of massing, and every option is run
against all twenty futures. The appraisal reports the
waorst cell in that matrix, because the worst case is
the fair test.

Refuse is the scenario where the tool says no.
Nothing degrades in it. The massing greys out and
is not generated, and the existing vegetation stays
at full health. The refusal is recorded against the
site, since the limit is in the ground. Some ground
cannot carry development at any scale that meets
its obligations, and a tool that can say so takes a

degrowth position (Hickel 2020).

PLANT DETECTION
Existing trees are read from imagery, so the stand

a building takes from is counted before design
starts. The overlays compare where each source
puts them: Curtin from open data only, then from
the site photograph.

Welshpool tests the open alternative. Satellogic
EarthView is 1 m satellite imagery under CC BY
with a near-infrared band, and with it detection
went from 47 crowns found by colour to 755.
Curtin sits in a 2 km gap between its two Perth
strips.




FOR A COMMUNITY MEETING

The tool: the ledger without the plugin

THE SAME LEDGER, WITHOUT THE PLUGIN
The companion is built for somebody who

models, but the ledger is meant for other
people too. Public Legibility is already a
governance parameter in the protocol. It
asks whether the ecological cost is readable
before construction starts, and the protocol
will not generate a printable manual while it
is set to no. This interface is my attempt to
make the answer yes.

In all three the model stays the biggest thing
on the screen. A community meeting is an
argument about a place, and an interface that
covers the place with its own instruments
makes the place harder to discuss (Muf 2001,
12):

1 Collapsed

Active tabs-

2 Expanded

Communities.

Vegetation.

Timeline

3 Full

Vegetation

Independently

stretched
Timeline

Scenarios

— pull tab

Time slider
pull tab

Small
Ledger

Opened
~_Time slider

Scenarios

Medium

" Ledger

Time slider

Scenarios

Expanded
Ledger

' Toolbar and
command line

ANIMALS IN THE LIVING FIELD
The Living Field is the viewer where the site

is played forward. Planted vegetation grows
across fifty years, the model| can be burnt

or cleared, and building surfaces weather as
the year slider moves. The animals live on the
plants they are recorded on, and they leave
when those plants go.

Ninety-six animals are built as rigs: twenty
birds, seventeen mammals, twelve reptiles,
five ground birds, four frogs and thirty-eight
invertebrates. The birds on this page are the
ones flying in the viewer. Each is tied to its
host species through the interaction data
the Specimen tab draws, so nothing in the
sequence is scripted to a year.

Two rules limit what the viewer claims to
know. A tag that names a group instead

of a species, such as honeyeaters or small
mammals, is counted and given no body,
because drawing one would mean choosing
a species the record does not choose. And
a species whose model is authored but not
yet reviewed stays a placeholder instead of
borrowing its nearest relative. A Western
Pygmy-possum weighs about ten grams.
Drawn as a Ringtail, which weighs a kilogram,
it would put a convincing wrong animal on
the site.



PANELS, STUDIO AND DRAWING STYLES

The tool: interfaces

THE DRAWING STYLES
The interface went through a docked panel, a web

view panel set and the DC Studio page, and the
drawings went through as many styles. A paper
texture and a watercolour wash were tried in July,
ink and stipple in September, and six vegetation
styles were set side by side on 25 September.
PROBLEM

Each new panel added another place to look. The
first renders looked either like CAD linework or like
a game engine.

OUTCOME

The diagram view, and the watercolour style the
plates now use.

THE TOOLS PANEL, FOUR VERSIONS
By 26 August it held curtain walls with a facade

designer, ceilings, furniture, services and annotation.
By 9 October massing, a brick designer and
planters, green walls and vegetation groups sat
beside the walls, so planting was drawn from the
same panel as the building.

Full set: appendix, page 397

______Jpl:

CORYMBIA JACARANDA ACACIA

Botanical line
£

AR W W

Degth clumps, highlights on

2 R

25 SEPTEMBER

QUERCUS

nical line, flat leaves, depth clumps, depth with leaf texture, painterly and



SCENARIOS, THE DIAGRAM VIEW AND THE STANDALONE

The tool: a standalone app

AUGUST TO OCTOBER
In August the tool gained twenty scenarios in

three groups, the End, the Life and the Beginning.
In September the diagram view drew the plant
groups as floating communities over the site, By
October the tool no longer needed Rhino to run,
and the same project opens in Rhino, as a desktop
app and on the web

PROBLEM

About 190 of the 680 Python files still called Rhino
directly, so a community meeting needed a Rhino
licence.

OUTCOME
One care, three hosts and one file format that
each of them reads and writes.

WHERE IT STANDS
On 8 October the local server opened a real

Perth bundle with terrain and 225 buildings, and
walls and massing could be drawn without Rhine.
Backward compatible means a project made in the
app still opens in Rhino, and the other way round.

THE DEPENDENCY DIAGRAM, READ

Dependency diagram
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START WITH THE END: HOW WELL DOES THE DEATH MANUAL STAND [N TIME?

The question is not whether it will sur
intact. It will not, not in full. The questic
whether it is worth writing anyway.

The glitch images are honest about t
document that degra
A tment that requires
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THE NEGOT'ATION Box The did nat arrive fully
CONCEPT CREATION and attem to figure o

The negatiation box is the project's substitute for the conventional site plan
Where a site plan documents spatial conditions, boundaries, levels, existing

structures; the negotiation box documents ecological obligations.

It performs the same analytical function: mapping what exists and what
matters. But it does so through the language of debt rather than description
The site is not a blank canvas 10 be understood and then designed upon, [t
IS S EERSIVIRGNE 2 tionships that the building must neJGHStEHERIBEToreE

draws a single line,

tion . = hov you make an obligation visible

a building?




______ Wit

THE NEGOTIATION
PARAMETERS... WHY THESE AND NOT OTHERS?

To make the negotiation betwesn a bullding and its site visible befare any spatial decision is made,

the project required a set of measurable terms. Six ecologieal parameters were astablished as th

foundation of that negetiation Each one corresponds to a form of ecological impact that constructio

on Bassendean sands inflicts, and that existing planning frameworks do nat require a designer t

account for before breaking ground, These parameters are the oparating logic of the negetiation box

They dao not describe the site, They describe what the building owes it

The six parameters of the physical tray system were not chosen arbitrarily. Each one correspands t

a form of ecaological damage that a building on Bassendean sands inflicts; and that existing plannin

frameworks do not require a designer to quantify before canstruetion begins

Footprint Area is the most legible parameter: the direct surface area where the bullding makes contac
with ground [t removes fram acological function. Ground Coverage extends this to all imperious and

semi-impervious surfaces, including paths, drainage channels, and car parking, Together they determin

how much of the site's recharge contribution to the Grangara Mound (s subtracted per square metr

Fire Regime Alignment is included because banksia woedland does not persist without fire. Th

dominant species depend on periodic low-intensity burning for seed release and understore

regeneration. A building that prevents or disrupts the fire regime around its footprint imposes a

ecological cost that no vegetation planting can offsst

The parameter cannot be fully scored, however, Noongar cultural burning fs a'living knowle
practice, not 3 management schedule, and a score cannot represent what it actually is. Thi

acknowledged within the tool itself, and it is not resalved

Canopy Restoration and Weed Load address the twa sides of the same ledger: the native spe
the building displaces and the introdiuced species that colonise the disturbed edge. Referance s
in intact Banksia attenuata wooedland carry &7 vascular plant species per 100m?* (Gibsan et al, 19

the Canopy Restoration parameter holds that figure as the restoration target

Soll Disturbance is set at 300 mm, a conservative design threshald rather than a pubilished ||
The Cemmonwealth conservation advice for the Banksia woodlands asks that soil disturbance
kept to a minimum to protect the soil seed bank (Department of the Environment 2016), Balaw 1
depth, mycorrhizal networks, seed banks, and <oil horizon structure are permanently disrupted.

the hardest floor in the system

Thase six were chosen because they can be measured, because they correspond to raal condit
on this site, and because they exclude what cannot hanestly be quantified, The things that car
be scorad — the cultural significance of specific trees, the relationship batwesn the Friend
Warwick Bushland and the ground they tend, the accumulated knowledge of decades of volury

wark — are not parameters. They are the cantext within which the parameters are held




PHYSICAL MODEL
3D PRINTED TRAYS WITH SUSPENDED MESH
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SYSTEM AND METHODOLOGY PLANNING

The diagram trace
through data f_'f;'||£':
decommissioning and
what the project proposes
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NEGOTIATION

THE BUILDING'S OTHER SIDE

Design negotiation In most architectural
practice is & conversation between the
architect and the client. This project adds
three more parties: the site's ecology,
formalised through the ledger; the community,
formalised through the negotiation log;
and the Whadjuk custodians, who must be
named before the Protocol tab will generate
a printable document.

The MNegotiation tab records decisions in
real time. A logged entry from the Friends of
Warwick Bushland reads: no Xanthorrhoea
specimens in the northern cluster to be
removed. Status: Agreed. This is not an
advisory preference. It Is a condition, recorded
against the designer's name, attached to a
specific area of the site. If the footprint moves
into that zone, the negotiation log will show
that the conditlon was known and overridden.
The binding flag system ensures that this
cannat happen quietly.

The Live Agent answers questions about
the site, the ecology, and the restoration
obligations using the site's own data as
context. |t knows this site is 45 hectares
of banksia woodland on Bassendean sands
in MNoangar Country, It knows the current
footprint displaces 208 species and carries
a restoration debt of 2,496 growing seasons.
When asked what the building owes, it
responds from those figures,

The Protocol tab produces the final document:
existing conditions, restoration obligations,
decommissioning sequence. It ends with a
submission instruction: submit final ecological
audit to Noongar Country custodians and
DBCA. The document cannot be printed untll
a custodian is named. The architecture cannot
begin until the ending is committed to
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The species in the field

VEGETATION

GRASS TREE, XANTHORRHOEA PREISSII




A WATTLEBIRD

or
The species record VEGETATION
HOW THE PLANTS WERE DRAWN IN JULY & -{J '
I\T *
ver and frult from the same record. | Igure by

ELEVATION PLAN SECTION
THE FIRST SPECIES PROOF, 4 JULY
Slender Banksia in elevation, plan, section and 3D. The roots are eight straight strokes
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THE FIRST 3D GALLERY

Slender Banksia Firewood Banksia Grass Tree Sheoak Jarrah
Zamia Cycad Helly-leaved Banksia Woolly Bush Prickly Moses
‘ .'
Honey Bush Yellow Buttercup Morrison's Featherflower Rose Coneflower Parrot Bush

. . . -' '

Hummingbird Grevillea Prickly Cottonhead Common Dampiera Pinkeups Flooded Gum

e

— 4



Swamp Paperbark Sea Rush Jointed Twig-rush Common Astartea Native Willow

Bhutan cypress Italian cypress Bunya pine Norfolk Island pine
- = - 74
Lemon-scented gum Swan Hill olive Blackwood Tuart
K o L -
e 2 -
Tag

River red gum

Part of a sheet of about 160 species

295 s



THE LIBRARY ON 10 SEPTEMBER: PALMS

Kentia palm Lady palm Parlour palm Bamboo palm Cabbage-tree palm Chinese fan palm
Howea forsteriana, 4.5 m Rhapis excelsa, 22 m  Chamaedorea elegans, 1.2 m Chamaedorea seifrizii, 24 m  Livistona australis, 20 m  Livistona chinensis, 60 m

Golden cane palm Dwarf date palm Fishtail palm Ruffled fan palm Bangalow palm
Dypsis lutescens, 5.0 m Phoenix roebelenii, 25 m Caryota mitis, 5.0 m Licuala grandis, 2.5 m Archontophoenix

cunninghamiana, 9.0 m

Majesty palm
Ravenea rivularis, 5.0 m

drawn from its record and labelled with its mature eight



Trunks, branches, leaves and flowers

VEGETATION

TRUNKS, 9 M, CENTRELINES OF THE BOLE AND FIRST LIMBS

SEED 3
(//
SEED 11 x
Eucalyptus diversicolor Eucalyptus marginata
SEED 3 K
SEED 11
/
\
Acaclia saligna Melaleuca rhaphiophylla
he bole and first limbs only, straightest to most sinuous. Figure by Author

N\

Corymbia calophylla

Banksia menziesii

T

Eucalyptus gomphocephala

Agonis flexuosa

297 m—



BEFORE

Eucalyptus loxophleba

ACACIA CYCLOPS
72,232 and 72,264 faces

EUCALYPTUS MACROCARPA
18,500 and 18,860 faces

CHORIZEMA ILICIFOLIUM
41,138 and 41,474 faces

BEFORE

BEFORE

AFTER

BEFORE

Eucalyptus marginata

AFTER, BLOOM CARDS

AFTER

Eucalyptus patens




BEFORE AFTER BEFORE AFTER BEFORE AFTER

Eucalyptus rudis Eucalyptus salmonophlola Eucalyptus wandoo

BEFORE, ONE QUAD A LEAF AFTER, THE REAL LEAF OUTLINE

BANKSIA SPECIOSA
13,800 to 120,244 faces

BANKSIA GRANDIS
12,090 to 44,185 faces

BANKSIA NIVEA
5,980 to 60,060 faces

299 —



BANKSIA COCCINEA
8,674 to 75,370 faces

VERTICORDIA GRANDIS
64,458 and 65,242 faces

TEN TREES AND SHRUBS, BEFORE AND AFTER THE POLISH

BEFORE AFTER BEFORE AFTER BEFORE AFTER

Acer palmatum Camellia japonica Lagerstroemia indica

00



BEFORE AFTER BEFORE AFTER

Koelreuteria paniculata Ulmus parvifalia

BEFORE AFTER BEFORE AFTER BEFORE AFTER

7§ ¥

Cercidiphyllum japonicum Styphnolobium japonicum Osmanthus fragrans

Nandina domestica
27 SEPTEMBER, BEFORE

27 SEPTEMBER, AFTER

he same ten, with leaf outlines and bloom sizes from the records
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Flower types

VEGETATION

palm panicle

28 species

daisy head

21 species

tepal spike
13 species

star cluster

27 species

dense spike

21 species

dome head

9 species

single flower

26 species

bracteate head

18 species

head raceme

Y species

1;_

myrtle bottlebrush

24 species

axillary cluster

17 species

kangaroo paw

9 species

bottlebrush spike

23 species

tubular head

15 species

umbel

spadix

23 species

raceme spike

14 species

¥

£

feather head

7 species



front axo top front axo top

Coast Saltbush, spikelet Milkmaids, umbel

BE NG

s *
E

Lemon-scented Darwinia, bracteate head Swamp Peppermint, cup
| | ' g
; ‘

Coast Daisybush, daisy head Short-stem Flax-lily, spider raceme

VVvRE%

Chittick, cup Basket Flower, cup

YVV v v

303 mmm



front axc top front axc tap

Kick Bush, bell Purple Flag, iris flower

[ [ ¢ ® %

Pink Fountain Triggerplant, petal flower

I i ‘ Many-flowered Fringe Lily, fringe lily

iy

Wild Rose, bracteate head

5f the library

amed wit

ermint and Pink Faurtain Tr

the plugin's organ builder

iris flower woolly spike triad panicle one sided bottlebrush  cone head fringe lily

Y =
SPECies 3 species [=F

|
{ ' /
>
palm spike panicle open face ground cup spadix panicle

— 30



Slender Banksia

Firewood Banksia

Acorn Banksia

Harsh Hakea

Hummingbird Grevillea

FLOWER

LEAF

FRUIT

T

305 =



Marri

Lesser Bottlebrush
One-sided Bottlebrush
?w;alm;:T PaPerb‘a.fk.

WA Peppermint

Common Astartea

FLOWER

LEAF

FRUIT




Prickly Moses

Orange Wattle

Hairy Yellow Pea

Yellow Buttercup

I Y e
libbertia

Brown Boronia

Tar Bush

307 m—



THE PLUGIN'S FLOWER SHOOTS FROM THREE SIDES | CHECKED 20 AND 21 OCTOBER 2026

Vegetation: flowers from three sides

Faor a close-up, the plugin seats each species' flowers on a leafy shoot grown
from one of its own twig tips. The vegetation work rendered that shoot from
three sides and checked it against photographs of each species for colour,
size, shape and count.

The checks fill 34 sheets of five species. Shown are the 38 whose shoot fits
whole in all three frames, so that no plant is cut. The photographs are not
reproduced here, because their sources were not recorded. Each shoot is
framed to fill its cell, so the rows are not at one scale.

FROM 0° FROM 120° FROM 240°

Lot .

PANJANG

Acacia lasiocarpa

_______ BTl

READING THE ROWS

Each row is one species' flower shoot from the plugin, turned a third of a turn
between frames: from 0° from 120° and from 240°. The common name sits
above the scientific name.

FROM 0° FROM 120° FROM 240°

SWAN RIVER PEA



FROM 0° FROM 120° FROM 240° FROM 0° FROM 120° FROM 240°

STALKED GUINEA FLOWER CHITTICK
Hibbertia racemasa Lambertia inermils
J /.
S W
fl

ROBIN REDBREAST BUSH COCKIES TONGUES
Melaleuca lataritia Templetonia retusa

% J %

F 3

LARGE-FLOWERED THOMASIA SCARLET FEATHERFLOWER
Thornasia arandflora Varticardia grandis




FLOWER LEAF FRUIT

Red-and-green Kangaroo Paw

Tall Kangaroo Paw _ q
Anigozanthos flavidus
Grass Tree '

Christmas Tree

Prickly Cottonhead

Blueberry Lily

Flower, leaf and fruit for twenty-four species, drawr

Author

_______Rcile)]



Flowers from three sides VEGETATION

FROM 0° FROM 120° FROM 240° FROM 0° FROM 120° FROM 240° FROM 0° FROM 120° FROM 240°
DRUMMOND'S WATTLE Acacia drummondii CLAY WATTLE Acacia glaucoptera PANJANG Acacia lasiccarpa
{ el Y ” i
8 ) g ‘ Fery \
Y I3 ’”;?- 2t - o
. 3 % i % 4 Y/ T
MANNA WATTLE Acacia microbotrya BASKET FLOWER Adenanthos cbovatus FOXTAILS Andersonia caerulea

KICK BUSH Astroloma pallidum BROWN BORONIA Boronia megastigma SWAMP SHEOAK Casuarina obesa
" ) : . | ‘n‘f
- e N )
= /
PRICKLY BITTER-PEA Daviesia decurrens MARNO Daviesia divaricata TAR BUSH Eremophila glabra

. | v $ Fﬁ
M f ; N\‘l‘\l%"“*_‘i



_______ Rl

FROM 0° FROM 120° FROM 240° FROM 0° FROM 120° FROM 240° FROM 0° FROM 120° FROM 240°
POWDERBARK WANDOO  Epcalyptus accedens SILVER PRINCESS Eucalyptus caesia WANDOO  Eucalyptus wandoo

; { _
> \ . '
: ~ :
EGG AND BACON PEA Eutaxia cbovata BROOM BALLART Exocarpos sparteus SWAN RIVER PEZastrolobium celsianum
y \ ~

HAIRY YELLOW PEA Gompholobium tomentosum FUCHSIA GREVILLEA Grevillea bipinnatifida WOOLLY GREVILLERrevillea vestita

FROM ©° FROM 120° FROM 240° FROM 0° FROM 120° FROM 240° FROM ©° FROM 120° FROM 240°
GREY GUICHENOTIA Guichenotia ledifolia EMU TREE Hakea francisiana STALKED GUINEA FLOWERbbertia racemosa




HOLLY-LEAVED HOYEA Hovea chorizemifolia COMMON HOVEA Hovea trisperma WHITE MYRTLE Hypocalymma angustifelium

PV : Y 4 , ‘ & e
Al P
el e “%
AR e ‘ :
- $ e o
CHITTICK Lambertia inermis ROBIN REDBREAST BUSH Melaleuca lateritia COAST DAISYBUSH Olearia axillaris
/} \\\* \\” - X =" \ 7

FROM 0° FROM 120° FROM 240° FROM 0° FROM 120° FROM 240° FROM 0° FROM 120° FROM 240°

PIXIE MOPS Petrophile linearis WEEPING PITTOSPORUM BERRY SALTBUSH Rhagodia baccata

Pittosporum angustifolium

A AR

WA SANDALWOOD  Santalum spicatum COCKIES TONGUES Templetonia retusa LARGE-FLOWERED THOMASIA
Thomasia grandiflora

e 6 Py W W




SCARLET FEATHERFLOWER \Verticordia grandis WOODY PEAR Xylomelum occidentale READING THE ROWS

Each row is one species’ flower shoot from the

plugin, turned a third of a turn between frames:
from 0°, from 120° and from 240°. The common
name sits above the scientific name.

L 5™

Root systems VEGETATION

JULY: SIX ROOT TYPES

\/
22K
: <=yl
- 7
\
7
/
Zamia, tuberous. Depth 1500, spread 1500 mm Sea rush, fibrous. Depth 400, spread 600 mnm

Twig-rush, fallback. Depth 500, spread 1200 mm

— 14



tmas tree, haustorial. Depth 300, spread 4000 mm Paperbark, sinker. Depth 1200, spread 4000 mm

01 22 JuLY

Six root types as straight-line wireframes

igure by Author

NEAR SEPTEMBER: THE FIRST ROOT GRAPH, THEN THE POLISH

-

BANKSIA ATTENUATA

Jarrah, sinker and heart Acorn banksia, proteoid Balga, lignotuber

41,530 faces

Zamia, tuberous WA Christmas tree, haustorial

The first root graph. Line welght follows root radius: ja
Christmas tree

315 -



FAR, BEFORE THE CUT FAR, AFTER THE CUT

14,212 faces 5,920 faces

G044 faces 5,784 faces

EUCALYPTUS MARGINATA NEAR FAR, BEFORE THE CUT FAR, AFTER THE CUT
MELALEUCA PREISSIANA

35192 faces 38,066 faces 9,382 faces 5,578 faces

15



XY ; .WTL_-
— =X =

8,342 faces
Calibration

e s . ' 7 18,464 faces
2,600 faces 05 27 SEPTEMBER

Levels of detall for one system

VEGETATION

FIVE SPECIES, FOLIAGE ON

Acorn Banksia

317 —



SHRUBS AT 2.5 M, BOLE AND FIRST LIMBS

V¥ ¥y

Common Astartea Prickly Moses Honey Bush Woolly Grevillea Hairy Yellow Pea

A4

Brown Boronia Tar Bush Yellow Buttercup

_______Beif:l



WA Peppermint

Coastal Blackbutt

Five species with the foliage on, each grown to a 2.0 m setting and drawn at one scale on its row's ground line;
the crowns finish between 7.7 and 9.6 m, Watercolour elevations from the plugin. Figure by Author



FIFTEEN TREES, EVERY BRANCH AT 9.0 M

5m

Jarrah

Flooded Gum Coastal Blackbutt Acorn Banksia

()



Sheoak

Harsh Hakea Lesser Bottlebrush Christmas Tree

Every branch of fifteen Swan Coastal Plain trees, each drawn at 9.0 m, at a smaller scale than the bole drawings
see the 5 m bar. Figure by Author,
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Four views

VEGETATION

Native Willow
Callistachys lanceclata

Redheart Moit
Eucalyptus decipiens

Swamp Banksia
Banksia littoralis

Tuart
Eucalyptus gomphocephala

Marri
Corymbia calophylla

Acorn Banksia
Banksia prionotes

s cell of one height: first the t

Wand
Eucalyptus

00
wandoo

Red Flowering Gum
Corymbia ficifolia

Coastal Blackbutt
Eucalyptus todtiana

Bull Banksia
Banksia grandis

Rock Sh
Allocasuarina

k
ﬁﬁzgeliana

lers from the

Swamp Sheoak
Casuarina obesa




Jarrah Slender Banksia Grass Tree Red-and-green Kangaroo Paw
Eucalyptus marginata Banksia attenuata Xanthorrhoea preissii Anigozanthos manglesii

3D MODEL

ELEVATION

323



1 trult, Figure

FLOWER

FRUIT




Silky-leaved Blood Flower Albany Bottlebrush

Scarlet Kunzea Robin Redbreast Bush
Calothamnus sanguineus Callistemon glaucus Kunzea baxteri

Melaleuca lateritia

Chenille Honeymyrtle

Banbar Scarlet Featherflower
Melaleuca huegelii

Plumed Featherflower
Melaleuca teretifolia Verticordia grandis

Verticordia plumosa

Cockies Tongues
Templetonia retusa

Marno
Daviesia divaricata Bossiaea eriocarpa

Common Brown Pea Common Hovea

Hovea trisperma

325
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Morrison's Featherflower Rose Coneflower Parrot Bush Hummingbird Grevillea
Verticordia nitens Isopogon dubius Dryandra sessilis Grevillea thelemanniana

Silver Kingia
Kingia argentea

Drummond's Grasstree Pinkcups Flooded Gum
Xanthorrhoea drummondii Scholtzia involucrata Eucalyptus rudis
Prickly Cottonhead
Conostylis aculeata

Common Dampiera
Dampiera linearis

Twining Fringe Lily Sea Rush Jointed Twig-rush Common Astartea
Thysanotus patersonii Juncus kraussii Baumea articulata Astartea scoparia

Fraser's Cycad ol
Macrozamia fraseri A

s, cycads, sedqges and herbs, sach at its mature size in a cell of one height. Renders from
Author,



Slender Banksia Firewood Banksia Grass Tree Sheoak
Banksia attenuata Banksia menziesii Xanthorrhoea preissii Allocasuarina fraseriana

Jarrah Christmas Tree Holly-leaved Banksia
i Nuytsia flaribunda Banksia ilicifolia
Zamia Cycad
Macrozamia riedlei !
Woolly Bush Prickly Moses Honey Bush Yellow Buttercup

Adenanthos cygnorum Acacia pulchella Hakea lissocarpha Hibbertia hypericoides

Twelve species from the library, each filling its cell of one height Renders fram the plugin, Figure by Author
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Plants in plan VEGETATION
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Acacia Acacia Acacia Acacia Acacla Acacla Acacla Acacla Acacia Acacia
acuminata cyclops dentifera drummondii extensa glaucoptera lasiocalyx lasiocarpa microbotrya pulchella

&
C
@
&
@
©
@
©
@
C

Acacia Acacia Actinostrobus  Adenanthos Adenanthos Adenanthos Adiantum Agonis Agonis Allocasuarina
rostellifera saligna pyramidalis cygnorum obovatus sericeus aethiopicum baxteri flexuosa fraseriana

¢
&
g
o
o
&
G
S
v
&k

Allocasuarina Alyogyne Amphipogon Andersonia Anigozanthos  Anigezanthos  Anigozanthos  Anigozanthos  Anigozanthos  Anigozanthos
huegeliana huegelii turbinatus caerulea icolor avidus humilis manglesii rufus viridis

Astartea Astroloma Atriplex Austrostipa Austrostipa Avicennia Banksia Banksia Banksia Banksia
scoparia pallidum isatidea compressa flavescens marina ashbyi attenuata baxteri blechnifolia

&
<
&
&
&
&
&
&

Banksia Banksia Banksia Banksia
chamaephyton coccinea dallanneyi gardneri

Banksia Banksia Banksia
hookeriana licifolia littoralis media

o §
83
8 b
- o
g P
g:n
a b
n

&
¢
LY
&
&
e
&
&

Banksia Banksla Banksia Banksia Banksia Banksia Banksia Banksia Banksia
menziesii nivea occidentalis petiolaris praemaorsa priorotes repens sessilis speciosa victoriae
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Baumea
articulata

Baumea
juncea

Burchardia
congesta

Bossiaea
ornata

Casuarina
obesa

Carex
appressa

g
2
=)
o
g

o
o

&2
=
@
[T

Canostylis
aurea

Conostylis
candicans

o
@
=
@

Dampiera
lavandulacea

Dampiera
linearis

L
G
&
&
©

Dodonaea
viscosa

Eremophila
glabra

Baumea
preissii

&

&
&

Caladenia
flava

Chamelaucium
uncinatum

Conostylis
setigera

Darwinia
citriodora

Eremophila
hygrophana

Baurnea
rubiginosa

Callistachys
lanceolata

Cheilanthes
austrotenuifolia

calophylla

Darwinia
macrostegia

Eremophila
maculata

Beaufortia
sparsa

Beaufortia
squarrosa

Callisternon
glaucus

Callistemon
phoeniceus

Cherizema
ilicifolium

Chorizema
cordatum

0

=]
2

E]

T

[s1}

0
g E
o
o
£
o
o
& .

ficifolia

Daviesia

oxylepis decurrens

&
&
&

Eremophila
nivea

Eucalyptus
accedens

haematoxylon

Bolboscheenus
caldwellii

Callitris
columellaris

&
@

Comesperma
virgatum

angustifolia

Daviesia
divaricata

Eucalyptus
caesia

Boronia
crenulata

Callitris
preissii

Conospermum
stoechadis

alternifolius

Dianella
brevicaulis

Eucalyptus
camaldulensis

Beronia
megastigma

Calothamnus
quadrifidus

Conospermum
triplinervium

Dampiera
alata

Dianella
revoluta

&
5

Eucalyptus
cornuta

Bossiaea
eriocarpa

Calothamnus
sanguineus

Conostylis
aculeata

&

Dampiera
diversifolia

Diplolaena
grandiflora

Eucalyptus
decipiens
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&
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Eucalyptus
macrocarpa

Eucalyptus
lexophleba

Eucalyptus
gomphocephala

Eucalyptus
forrestiana

Eucalyptus
erythrocerys

Eutaxia
obovata

Eucalyptus
wandoo

Eucalyptus
torquata

Eucalyptus
todtiana

Eucalyptus
tetraptera

Q £
8 5

Grevillea
crithmifolia

Grevillea

Gompholobium  Gompholobium
bipinnatifida

knightianum  tomentosum

Gastrolobium
celsianum

o]
©
g

Grevillea
wilsonii

Grevillea
thelemanniana

Grevillea
pinaster

Grevillea

olivacea vestita

&
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L
€

&

Hakea Hakea Hakea Hakea Hakea
laurina lissacarpha multilineata  orthorrhyncha peticlaris
Hemiandra Hibbertia Hibbertia Hibbertia Hibbertia
pungens amplexicaulis cuneiformis hypericoides racemosa

Eucalyptus
marginata

Exocarpos

eriostachya

¢

Guichenotia
ledifolia

I’
=
]
+]

Hakea
prostrata

Hibbertia
stellaris

&
&

Eucalyptus
patens

Ficinia
nodosa

4

Grevillea
excelsior

L
L
&

Hakea
bucculenta

trifurcata

Hovea

chorizemifalia

Eucalyptus
preissiana

Frankenia
pauciflora

%

Grevillea
hookeriana

Hakea
corymbosa

«

Hakea
varia

Hovea
trisperma

&

Eucalyptus

ru

o=
o O

&

Gahnia
trifida

illea
leucopteris

iy
g

Hakea
cucullata

Hakea
victoria

@

Hypocalymma
angustifalium

&

Eucalyptus
salmenophloia

Gastrolobium
capitatum

Grevillea
obtusifolia

£

Hakea
francisiana

Hardenbergia
comptoniana

Hypocalymma
robustum
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|sopogon Isopegon Jacksonia Juncus Juncus Juncus Juncus Kennedia

Kennedia
dubius formosus sternbergiana kraussii pallidus pauciflorus subsecundus beckxiana

nigricans

&
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©

Kennedia Kingla Kingia Kunzea Kunzea Kunzea Lambertia Lasiopetalum  Lechenaultia ~ Lechenaultia
prostrata argentea australis baxteri ericifolia glabrescens inermis fleribundum biloba formasa
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Lechenaultia  Lepidosperma Lepidosperma  Leucopagon Lomandra Lomandra Macrozamia Macrozamia Macrozamia
macrantha gladiatum longitudinale parviflorus caespitosa  hermaphrodita maritima dyeri fraseri riedlei
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Melaleuca elaleuca Melaleuca Melaleuca Melaleuca Melaleuca Melaleuca Melaleuca Melaleuca Melaleuca

cuticularis fulgens huegelii incana lanceclata lateritia nesophila preissiana radula rhaphiophylla
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Melaleuca Melaleuca Melaleuca Microlaena Neurachne Nuytsia Olearia Patersonia Patersonia Pericalymma
teretifolia viminea viridiflara stipoides alopecuroidea floribunda axillaris occidentalis umbrosa ellipticum

L
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&

Petrophile Philotheca Pimelea Pimelea Pittosporum Podolepis Pteridium Ptilotus Ptilotus Ptilotus
linearis spicata ferruginea rosea angustifalium gracilis esculentum exaltatus manglesil polystachyus
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Rhagodia
baccata

Regelia
inops

Scaevola
nitida

Scaevola
crassifolia

Ly

=

o
3’
W

Stylidium
brunenianum

Stylidium

schoenoides

Thysanotus
multiflorus

Thysanotus
patersonii

&
&
&

Rhodanthe
chlorocephala

&

o
©
&

Scaevola
phlebopetala

australis

Trachymene
coerulea

Rhodanthe
manglesii

Scholtzia
involucrata

@
©

Taxandria
linearifolia

pha

=

domingensis

&
&
e

Rytidosperma
caespitosum

S. artemisioides
subsp. filifolia

Tecticornia
halocnemoides

Verticordia
chrysantha

Salicornia
quinqueflora

Sowerbaea
laxiflora

®

Tecticornia
indica

Verticordia
densiflora

Samolus
repens

Sowerbaea
multicaulis

=
=
@
=
o
o
o

Templetonia
retusa

Verticordia
grandis

Verticordia Viminaria Waitzia Xanthorrhoea  Xanthorrhoea  Xanthorrhoea Xanthosia
plumosa juncea acuminata drummondii gracilis preissii huegelii
The 288 specles the Atlas of Living Australia records as native to Western Australia, drawn in the lllustrated plan

style, A to Z over both pages. Figure by Author.
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Santalum
spicatum

Santalum
acuminatum

&
&

Sporobolus
virginicus

Spinifex
lengifolius

Thomasia

triandra grandiflora

Verticordia
monadelpha

Verticordia
nitens

&

Kylomelum
occidentale

Scaevola
aemula

Stirlingia
latifolia

Thryptomene
saxicola

Verticordia
picta



Simple Hand-drawn Duotone Colour-coded lllustrated ‘Watercolour Stipple Ticked

Dampiera linearis

Hardenbergia comptoniana

Ficinia nodosa

Agave americana

Nassella tenuissima

Rhodanthe manglesii

Twelve species by growth farm through the eight plan styles, from outline to full crown, each symbol fitted to its
cell so a low mat and a small daisy read as well as a tree. Figure by Author,

333 mmm



Simple Hand-drawn Duatone Colour-coded lllustrated Watercalour Stipple Ticked

Eucalyptus marginata, clumped tree

______ Bt



Simple Hand-drawn Ductone Colour-coded [lustrated Watercolour Stipple Ticked

Archontophoenix cunninghamiana, palm

Trees, palms, a cycad and a tree fern through the eight plan styles, one crown family to a row: Figure by Author,

335 mmm
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The year in plan VEGETATION

Leaf-off
4 { \_“,-' ".
Ko vy
JAN FEB UL AUG SEP OCT NOV  DEC
FLOWERING
BUD aE——
COLOUR CHANGE =

LEAF-OFF

NOONGAR SEASON -] BUNURU

The same strip at leaf-off.




Ring and dot markers, twa layouts.

Three ring designs for two species.
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Growth and seasons VEGETATION

THE FIRST FOUR AGES, DRAWN 3 TIMES LARGER

1
1 yr, seedling 3 yr, seedling 6 yr, seedling 16 yr, juvenile
0.68 m 170 m 3.30m 802 m

______ ekl



100 yr 250 yr

adult adult
2571 m 2441 m
flowering flowering
hollows

One species at seven age classes, with flowering and hollow formation. Figure by Author

339 mmm



AGE AND SEASON STUDIES

In the top row the season is held and the age changes: seedling
at 1.0 m, juvenile at 3.6 m, mature at 8.0 m. Underneath, the age is
held and the season moves through summer, autumn, winter and
spring, and the four drawings look close to each other. Banksia
woodland does not have a northern autumn. So the four seasons
look similar.

The bottom row is one inflorescence taken through maturity, from
bud at m = 0.12, through twao flowering states and a spent head,
to green cone at 0.68 and woody cone at 1.00. Cone state tells

a black-cockatoo whether the tree is worth working, and in many
banksias the seed stays locked in the follicles until fire opens them
(George 1984), so seed release also depends on fire.

s b

Seedling, 1.0 m Juvenile, 3.6 m

A site visited once gets recorded in one of these states. Running
the plant through its year also shows whether the site has food in
February.

Mature, 8.0 m



Summer, January Autumn, April Winter, July Spring, October

Banksla attenuata painted by the plugin at three ages on one ground line, then at 8.0 m through four seasons.
Figure by Author.
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m =040 m =0.54 m=0.68 m=0.84 m =100
flower spent green cone woody cone woody cone

cone, drawn by the plugin. Figure by Author



Watercolour rendering

VEGETATION

PLANTS, 25 SEPTEMBER

+

Corymbia ficifolia Acer palmatum Jacaranda mimosifolia Quercus palustris Eucalyptus marginata

Top, the painterly dab style. Middle, the watercolour
‘ wash on the same five trees Bottom, flowers laid as
separate glazes

WA

Corymbia Acacia Kangaroo paw Jacaranda

343 m—






ANIMALS, 10 OCTOBER: GOUACHE FROM THE SAME RIG

The library, a selection VEGETATION

1 RED-AND-GREEN KANGAROO PAW (NOLLAMARA)

Anigozanthos manglesii.
Mature height 0.9 m. Roots to 0.5 m, rhizomatous.

Limitations: faults in the rig carry into the painting. The Christmas
beetle reads as a smooth lump and the cockatoo crest is a stub,
because both are missing on the model, not in the paint.
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Western Spinebill

New Holland Honeyeater

ld plant

nmer and autumn

Flower, Aug to Nav Fruit Leaf, laid flat, base on the left Roots, to 0.2 m.

— 4



Growth stages, from a seedling to an old plant

p

3 JOINTED TWIG-RUSH

Baumea articulata.
Mature height 2 m. Roots to 0.5 m,
rhizomatous.

Flower

“»

Motorbike Frog

~—.__-_-_.‘ /,",'
Fruit Leaf, laid flat, base on the left Roots, to 0.5 m. Figure by Author.

Y

Growth stages, from a seedling to an old plant. Through the seasons: winter, spring, summer and autumn
kR ﬂm
"‘E‘:"” i
%" €
i —_—
Flewer Fruit Leaf, laid flat, base on the left Reots, to 0.5 m.
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4 PRICKLY COTTONHEAD

Conostylis aculeata.
Mature height 0.3 m. Roots to 0.2 m, fine fibrous.
Flowers Aug to Now.

Blue-banded Bee Christmas Beetle Bull Ant

Grouping VEGETATION

* BUOOERT COMUUNITIES

. Siender Dankais — Bushiand
7 e Derses o8 (rowant Pesee 0] Doetel WAt ¢ s .y
0 ., = -

Scattered, 76 plants Clustered, 76 Linear, 76

o ”.

f
@

each a run of the plugin's layout engine with one species mix on a /2 m* plot: trees

Edge planting, 76 Dense mat, 2,216 Hedge or line, 102

Ihe six arrangements

dark green, shrubs mic

m— 40



SIX ARRANGEMENTS

The panel preview and the placement command in Rhino share one layout engine, so the card
and the model cannot drift apart. The six arrangements are Scattered, Clustered, Linear, Edge
planting, Dense mat, and Hedge or line.

Scattered uses blue noise sampling, which gives even spacing with natural gaps instead of the
clumps and bald patches pure randomness produces. Clustered builds a few drifts and shares
their centres across every species in the group, so a mixed community reads as one stand. Linear
runs rows along the long axis, offset like brickwork where there is more than one. Edge planting
holds a band against the boundary. Dense mat close-packs on a hexagonal grid; the frame shown
was drawn at 212 mm spacing. Hedge or line is the only one that follows an open curve the
designer draws instead of filling an area.

None of these is ecologically neutral. A dense mat shades out weeds and also shades out the
seedlings of everything else. A scatter leaves open ground, and on Bassendean sand open ground
is where veldt grass, Ehrharta calycina, gets in.

PP

Year-round table

Fauna habitat guild

Structural guild

,,.#,'g,

Root niche partition Nurse and fixer

Pollinator chain

The seven grouping logics, as the Vegetation
Groups panel draws them, at one scale. Figure
by Author
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Plant and building Iifespans VEGETATION

YEAR 1, THE SEEDLINGS DRAWN 3 TIMES LARGER

b i 5‘3'
Shrub -

Shrub Slender banksia Shrub

Marri

I 50



The fauna models ANIMALS

7 SEPTEMBER

Eighteen birds as painted flight shapes, seen tfrom above. Figure by Autho

b4
B |
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SEPTEMBER: FROM PAINTED SHAPES TO BODIES

erdid Fairy-wrer

Robi

MNankear

Australian Ringneck

sughing Kookaburra

Yok

i
A ‘\‘ s
I
(A

P

10

L AN

)]

T ks

s

Willie Wagtall

Lalah

24 SEPTEMBER

DINTED RIG




TEDDY BEAR BEE

MOTORBIKE FROG

Named in the plant records

INSECTS

q follows the animal's bady len

page has its own scale: the insects are drawn far larger thar

Christrnas Beetle

WESTERN H

ANIMALS

353 mmm






THE EMU, THE MAMMALS, THE FROG AND THE SKINK

ANIMALS

.........

Australian ringneck at its hollow Laughing kookaburra: a bare ehamber

st records; the birds are watercolours painted from the rigs

(%)
o
(%3



The feeding garden ANIMALS

T

Laughing kookaburra, which hunts by dropping from a perct

Flower visitors ANIMALS

Is p from the rig in the pos

relative size; the banksia is painted from clos

154



Flower visitors, painted ANIMALS

aring at the top flower of a whole kangaroo paw, bird and

Western spinebill at a kangaroo paw

357



1KSia In fower anksia |5 painted fror se-up photoqraphs
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Seed eaters

ANIMALS

Days in the hollow

70

59—

o1



Carnaby's record lists seeds, flowers and nectar, breeding from July to
January, with one chick usually raised from two eggs after about 70 days
in the hollow. Its seed diet from banksia, hakea and marri is noted as well
known but not stated in the cited sources

Months the marri holds seed
12

Chick usually raised 1

Seed eaters, painted ANIMALS

THE PARTS: TWO PAINTED BIRDS, BY LENGTH TO THE POWER 0.33

Predators in the feeding garden

ANIMALS




The honey possum ANIMALS

PAINTED FROM THE RIG, AND THE FIRST FEEDING TEST

Gouache, from the same rig

4 October: the snout aimed at a flower marker

THE RIG NOW, AGAINST TWO PHOTOGRAPHS

Side. Photograph: Thomas Mesagllo, iNaturalist, CC BY, mirrored

A honey

to be cre

nksia coccinea. Photograph: source
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Firewood banksia

Bull banksia

Searlet banksia

Introduced animals and urban ANIMALS
pressures

The cat, dog, fox and rabbit share one scale

Pet cat 186 kills a v

set by body length to t

1 1L roams

ottlebrush
h drawn to fill its
cell scarlet, bull, firewood and acorn bariksias, and a lesser bottlebrust

Acorn banksia Lesser k wer 033 so the rabbit =till reads

The flower of each species from the builder, smooth-shade

______Retevl



INTRODUCED ANIMALS, PAINTED FROM THEIR 3D MODELS

BIRDS KILLED BY GLASS, PER BUILDING A YEAR
(US MEDIANS)

red dashed: brought by people
house === 21
loW-rise - ----- 717

high-rise e w s s - - - 243

Furopean honey bea the feral be f the records, at Kings Park. Photograph |



Habitat ﬁttings ANIMALS

ON THE GROUND, DRAWN AT 1:20 0  500mm

450 by 450 by 886 mm 412 by 643 by 1043 mm 534 by 702 by 805 mm

high. A shallow 2 to high. Langstrath boxes, high. A four-tray stack

3 em margin for small eight or ten frames, on  with a collector tray and
haneyeaters, on an 80 cma stand. tap

pedestal.

An earth-block wall carrying a bee hotel, with a nest box on a post, a bird bath and a frog
pond edge, planted with kangaroo paw, grevillea, hibbertia, a grass tree and a banksia

______ Rttt



FOR FROGS, DRAWN AT 1:40 1000 1 FOR THE SOIL, DRAWN AT 1:40

I COMPOST BAYS

3,400 by 1,200 by 895 mm high. Three bays of 1,000 mm with removable front boards

2,000 by 3,550 by 1,450 mm high. A shallow sloping side, then 400 mm deep at the deepest, with logs and
rocks.

FOR WATER, DRAWN AT 1:40
FOR FOOD, DRAWN AT 1:40

0
1,000 mm

1,000 mm

e

2471 by 2473 by 2,680 mm high. Round tanks from 1,800
to 13,600 litres, with corrugation rings; drawn at 5,200
litres.

1,840 by 940 by 665 mm high. 1.24 square metres of
growing area,

0

1,000 mm

365 m—



Assembly types

ASSEMBLIES

______BeTele]



)

"] ] E—i—?":‘f
}'__f_.;-,;_,ﬁ i
| L L —— %Lﬁz

ol, 140 mm
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WaIIs, slabs and roofs ASSEMBLIES

THE FIRST MODEL, AS IT IS DRAWN NOW

A wall drawn from an arc with the same tool, on its slab, with posts and a flat roof

A bay drawn with its own walls, slab, posts and roef. Figure by

Author

______ Rt



Walls made of the site ASSEMBLIES

AUTD  mANUAL O

A STRATA WALL, AS DRAWN IN RHINO

Archimcture Vegotation
5o Group Vegetation
Mark Existing
Mark New

®

Remove Vegetation

DISPLAY

" 1=

(o - [l = - [ m RN RO
- =

)

<]

“ &

(& Veg. Representation

Docked in Rhing, with Vegetation open: group, mark and remove, and how the
plants are shown

gll‘l 31 bands from the si

Laid as a ser

, Pen display. Figure by Author

s with open joints The bands meet at each join, so a long wall has no seam, Sketched first on page

122,

369



THE SAME WALL, THREE TIMES, END TO END CURTAIN WALL ASSEMBLIES, ONE RENDER SCALE

The strata wall flat on: the bands pinch and swell but never crass.

The panel holes come from an image A second panel set
How walls meet ASSEMBLIES

AFTER THE FIX, BUILT IN RHINO ON 11 OCTOBER

L
u

Steel frame wall, 202 mm in four layers, 2.7 m high.

Not joined. The two ends stay square and overlap. Next, cutting the
The same wall, drawn as two walls and joined bands an a mitre

70



Stratigraphical walls

ASSEMBLIES

Horizontal

Lens

R e

I
P —
P —
Fine

The four lift patterns the engine
lays down, from the site's awn
horizons.

The wall in compacted lifts, over the site horizons

The wall set inte the ground,
horizons continuing below

371 —
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Layered and strata walls ASSEMBLIES

LAYERED WALLS, EACH LAYER
STOPPED SHORT SO THE BUILD-UP
SHOWS




TIMBER FRAME EXTERIOR WALL, HEMP INSULATION Green wa " Systems ASSEMBLIES

{
|
400 mm egj B :.i 1000 mm d ep, 3m | igh
PRE-GROWN HEDGE SCREEN IN A TROUGH
EXPANDED-METAL SHELVES (PARTY WALL)
s ol By 1.56 L/m* a day, 16 kg/m* wet, 23 kg COZe/m
! 1.4 L/m? a day, 225 kg/m” wet, 76 kg CO2e/m

270 mm deep, 3 m high
230 mm deep, 3 m high 180 mm deep, 3 m high N
= l']"l' G 18 nm.£ eopr SN BRICK LATTICE WITH TRAILING PLANTER
- B : 4 L/m ay, 40 ka/rr ? kg e fr
L aday, 1 [ 29 kg COZe 1
. 65 L/m* a day, 140 ka/m?* v 1 COZe/m

373 —
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STAINLESS ROPE NET, WEBNET TYPE

17 L/m* a day, 10 kg/m* wet, 31 kg COZe/m"

and planted by

Planters, banks and planting walls ~ assewmsuies

750 mm deep, 1.2 m high

1660 mm deep, 0.5 m !'HL:.|'
BENCH-EDGE PLANTER ALONG A PATH

%33 L/m* a day, stands on the ground, 131 kg CO2e/m

240 mm deep, 2 m high

2 L/m* a day, stands on the gr

d, 84 kq COZe/m



Brick waIIs ASSEMBLIES

LONG-FORMAT BRICK WITH PLANTER -
GRID

0 im, 2 : ] Stretcher bond, ror (long, thin) 490 x HERRINGBONE PANEL WITH PLANTER
90 x 40 mm, 230 mm deep Basketweave st rd brick 230 % 110 . TOP
L/m*a ta n the g rd 1 L v da ds an t ] nd G mm mm Herringk 2 10
g CO2 i q CC ) Ll
LA 1 da Nt round 09 L/m* ada inds an the ground
36 1 236 | Za/rr

FLEMISH BOND WITH DIAPER PATTERN
ENGLISH BOND, RECYCLED BRICK, PLANTING STRIPES

lemish be standard brick 230 x 110 x 76 mm, 230 mm deep
English bond, recycled brick 230 x 110 x 76 mm, 230 mm deep
<lple I
L/m*a tand n the g na Fe/im
L/
LT 3 da tands the g nd 1

()

;]



Slabs and roofs ASSEMBLIES

ROOF FORMS, ONE ASSEMBLY OVER ONE 3.9 BY 3.0 M PLAN, 30 DEGREES GABLE

Two pitches falling to a valley.

One pitch over the whole depth, so at 30 degrees it rises twice as high as the
gable

A hip with a small gable at the ridge.

Each form bullt in Rhino by the plugin from the same roof assembly, Pen display, all
at one scale, Figure by Author

dge Four pitches, the ends sloped as well

Two pitches meeting at a ri

_______Revie)



GREEN ROOFS, BUILD-UPS AT 1:10

EXTENSIVE GREEN ROOF, TIMBER DECK,

| Lightweight Growing Media,
120 mm

scoria-based extensive media

Drainage and Retention Layer,
. 30 mm

Drainage cell filled with scoria

| EPDM Membrane, 2 mm

‘\\_ Plywood Deck, 19 mm
F14 plywood on falls

| Rafters with cellulose, 190 mm
Bl sllulose R4: 190 x 45

s at 450

The three green roofs at the same 1110, planting up; each layer,

by Authar,

INTENSIVE GREEN ROOF, CONCRETE DECK,
361 MM 632 MM

Growing Media, 250 mm
Lightweight media

Topsoeil, 50 mm

Loam top for planting

_ Drainage Layer, 50 mm

Scoria drainage
EPDM Membrane 2 mm
Root sistant EPDM

Low-carbon Concrete Deck,

200 mm

Post-tensioned slat

_ Cork Insulation, 80 mm

Cork soffit insulation

thickness and specification frem its record. Figure

GARDEN ROOF, GARDNET SLOPED (OVER 3:12),
416 MM

I
|

Vegetation (sedum mat or
tile), 20 mm

Pre-grown mat on steep pitches

_LiteTop media in GardNet

cells, 100 mm
Fills 100 mm ce

GardNet HDPE cells and
tendons (solid equivalent),

| Hydrodraln dralnage 10 mm

Draina ge composite

_ Styrofoam XPS insulation,

75 mm

Inve

ot in

Hydroﬂex RB root barrier,
1 mm

Root barrier and protectior

. MM6125-FR rubberised

asphalt, 6 mm
Hot fluid applied, reintorced

Surface conditioner, 1 mm

Concrete deck, 200 mm
Approved structural substrate



Stairs and railings

ASSEMBLIES

STAIRS, ONE STOREY OF 3.0 M

STRAIGHT STAIR

L STAIR

vo flights turning a corner at a landing.



RAILINGS AND SCREENS, 3.9 M RUNS RAILINGS AND SCREENS, CONTINUED

HARDWOOD BATTEN BALUSTRADE CABLE RAILING

Habitat walls ASSEMBLIES

6 SEP 2026
TEST

Climbers on one wall at years 1, 2, 3, 5 and mature.

FINDING

A 72 degree fan threw a 3 m ivy across 10.5 m of wall, against a 2 m
spread.

CHANGE

The fan new runs on a sideways budget taken from the species spread.
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FACES AT EACH GROWTH STAGE, EACH CLIMBER TO ITS OWN SCALE

202,230 16,740 38,736
32,998
12,882
84,620
51,586 6,916 14,204
21,996
[ 2,890 2166
2,404 .
816 1230
| —

Y1 Y2 Y3 Y5 M Y1 Y2 Y3 Y5 M Y1 Y Y3 Y5 M

Hedera helix Epipremnum aureum Hardenbergia comptoniana
Hedera helix, English Epipremnum aureum: Hardenbergia
ivy: self-clinging, fanning rooted at the head of the  comptaniana, native
across the masonry. wall and trailing down wisteria: set along the
its face base and climbing. Figure
by Author

_______Rci:{n]



Year 1, growth 012, shown 1.3x Year 1, growth 0.12, shown 2.8x Year 1, growth 012, shown 2.7x
2,404 faces 816 faces 1,230 faces

Year 2, growth 0.30 Year 2, growth 0.30 Year 2, growth 0.30
21,996 faces 2,820 faces 9,166 faces

Year 3, growth 0.52
51,586 faces

Year 3, growth 0.52
6,916 faces

Year 3, growth 0.52
14,904 faces

381 —



A CREEPER ON THE GROUND

T K

______Rei:i



Green walls and planters ASSEMBLIES
Because the plants are library species, a green wall reports the same
flowering and fauna records as the ground planting.

ame ues, one sce

snnedia prostrata, scarlet runner, at the

SEATING STEPS WITH PLANTING

’\.ﬂ"‘-‘.

CLOSER, IN THE SAME MODEL
BRICK WALL WITH PLANTER BRICKS

) | €

STACKED PLANTER BLOCKS

"‘

AS DRAWN L-‘nl“ll UDE O, KERB KE '-u\wu UDE 320,
SHT 450 B

2500

Planted ledges: grasses and groundcovers set alang each ledge by the tool

383 mmm



BENCH-EDGE PLANTER ALONG A PATH

-
I’

TERRACOTTA POCKET BLOCKS

AT DRA

S C PLANTED SHARE 0.3 CELL WIDTH 450 POCK

— 7

URN MAX 0, NO POOI TURN MAX 40, CELL WIDTH 45¢



Reading the ground

GROUND

RAMMED EARTH WALL, 29 LIFTS, 300 MM, 6 M LONG

-27m
=18 m
=09 m
A 300 mm
grey L limit

topsoil
A2 600 mm
leached —slab cut

B 8 8 8 8 8 8 B 8 8 8 s 8 s S s S SR s s e s e s s s
L A R L O L L L I I I T IR I I O ]
e e s s aae s e a s e A e s N e s e a e s es e e=2TT
B ttttreretesaaaaaaaseaesaaaasaaaaeas
S R I e e e P oy P e L s e ST
yellow SieRsieliiste ele theis oieit wieintehulv) v at toleliale i sl vl
SANd ft e e e s st e e eeesaseseesseeseneanes
e B 1]
S e s s s sesses e et et sty
“a e s e 8 eis s nwe % wls wie s B elis eale 8 ele e e weln

D T T R R R S S R R T B B S e Y

-5 m
C £
=0 m
pale i
aquifer sand =/ m

—8m
L 9m

A strata wall drawn by the plugin, 6 m long and 2.7 m high, over the ground at Warwick, at

the scale and on the ground line of the root sections that follow: Herizons indicative, not
surveyed at Warwick. Figure by Author

L
I I Soil profiles drawn as bands. Reference collected 256

August 2026, source to be credited.
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The live section GROUND

_____ i1}
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Rainbow bee-g;c\er _____________

\
0y
\
\
"

Western banjo frog Earthworm o
Blue-banded bee

1w x5




The live section in 3D GROUND

on in 30, as the Design Companion shows it: 28 m of cut, the soll column under

Render from the plugin. Fiaure by Autho

389



The companion in Rhino THE TOOL

he Design Companion in Rhino 8 the

_______Rcl=Ty]



Section, seasons, plan

THE TOOL

-

Seasons, live: one month at a time, here darmant.

o e OGRS
el B0

Specewn  JOPeses  Chesdgs  Mem Beweor  esee

Cuts  Sewisw

Plan, in one af its seven styles: the style chips, the generated plan
symbol and the species rall's filters, with the empty fleld between them

cut out.

Top left: Banksia attenuata with the
animals its record names: Carnaby's
Black-Cockatoo, Western Spinebill
and New Holland Honeyeater

Top right; the same plot without the
plant. The animals are ghosted

Right: Eucalyptus marginata with
its animals: a Western Ringtail and
a Brushtail Possum on the ground,
too small at true size to read, so
each is shown again six times larger
in a circle

Animals in these three plots are
the plugin's rig watercolours, set in
place of the 3D rigs of the render
All three plots at one scale.
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cv 450x675 data:yss parts: 0

root system; fibrous - depth 0.7 m - spread 4,0 m - canopy 3.3 m - height 3.0 m

Section, with the site soil switched on: the plant, its fibrous roots and the 300 mm
excavation limit, enlarged from the view below right.

s ]

Temt | D G M G

o — g - — 0 q— 1) b 1
The whole Section view: the
four horizons of the Bassendean
sand under the plant.



Scenarios THE TOOL

A second scenario run, three views: the stand before, the footprint outlined with the trees it reaches coloured,
and the massing in place. Renders from the plugin. Figure by Auther.

Before With the footprint,

393 mmm
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The losses, in plan, Alter
One scenario over the recorded stand: before, with the footprint, the losses in plan, and after

Curtin, open data only. Yellow: crowns from the Meta | m canopy height map. Blue: trees mappad in
OpenStreetMap. Pink: modelled trees wh

e the satellite shows living tree cover

Curtin, the same ground, crowns detected from the site photegraph



The Iedger without the plugin THE TOOL

2
. S

SIDE THREE-QUARTER

-

Honey Possum, 0,165 m long

Western Grey Kangaroo, 2m |C::'|g

gin paints them, each drawn at its total length to the

[ Sevan mammal rigs as the p
power 0.33 so a kangaroa and a honey possum still read together; lengths from the
% plugin's life-size records. Figure by Author
Red Fox, 1.05 m lang
Brushtall Possum, 0.72 m long

Western Ringtall Possum, 0.7 m lang

395 s
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Living Field

1ing Koo

Juenda (Bandicoot), 045 m lang



Interfaces THE TOOL

THE INTERFACE, YERSION BY VERSION

O e
=
i»
27 JUNE 9 JULY
u [
Lifecycle
B - Visualiser
® w
[

21 SEPTEMBER




LINE SILHOUETTE LEAFY DUOGTONE

I

‘?} -

Euealyptyus marginata

Agt):lﬁﬂ exuosa
RO

P*.f‘r;,;

L—VJ ‘

CONTOUR

Grev:llea cr|thm|fo\|a

1YY

Xant hcr(hoea preissii

e Mm m o

Amgozar‘thos mang!esn | |
l

S

< ¥
gt

StreIL;\Ja mcala\
Nk

F A A —*-&t"f»

The elevation styles sheet: five styles, one species to a row.

______ Bt

E
f

w’f»

Watercolour rag and paper fibre, the first textures,

A standalone app THE TOOL

o -

o v ks -

The first diagram view: the plant groups float as a habitat network above the
season and horizon bers

The scenario engine was written on 5 August The twenty scenarics, as drawn on 1
October, are on pages 418 and 419 Figure by Author



e - W —‘IL e e

MAKURY
* o] We 26 - Makury
HORIZON - o Year 12 - closing canopy Detadil: Aute
awering, bud and seed through the six N Nar seasons: t harizon runs the plar f 12
ONE CORE, THREE HOSTS
RHINO DESKTOP APP WEB
The plugin, as before. Reads and A local server and tha Studio The same page, hosted
writes the project inside a .3dm. page, with no Rhino installed.

tion and fauna build; t rith r 471 Beazley Avenue ir

out

3DM B s 3 .DCP PROJECT FILE

Rhina's awn file A zip of JSON and meshes, read and written by every host.

back, with every Design
Companion string and object
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Site visit WARWICK BUSHLAND

FIRE

One morning walk along the tracks of Warwick Bushland, 3 March 2026,
photographed between about 10.20 and 11.10.

I 00



Data sources

SITE IMPORT

PLANTS

FloraBase, WA Herbarium

The source behind 319 of the 919 species records.

DBCA

207 records, including the Banksia woodland community listing.

RSIP root database and Schenk and Jackson

Wikipedia and Plants of the World Online

Harvard Forest HF426 (Tumber-Davila et al. 2022) with Schenk and Jackson (2002): rooting depth and lateral
spread for 139 species records, replacing default root sizes.

70 and 51 records, marked indicative in the data.

Atlas of Living Australia and GBIF

443 species carry an ALA identifier. Occurrence records give the species recorded near a site.

BirdLife Australia, Australian Museum, WA
Museum

GROUND, WATER AND MOVEMENT

Nest, breeding and hollow records behind the animal ecology file.

Geoscience Australia, DBCA, DWER, Main
Roads WA

ANIMALS

5 m LiDAR of bare earth, wetland and stream mapping, and measured traffic.

iNaturalist

CC BY photographs used to review every animal model against the living species, and 664 call recordings
referenced.

407 —



1 2 3 45 6 7 8 9 10

LIP aeria { W ]

Landgate

Meta high resolution canopy

height ]

DeepForest [ ]

Satellogic EarthView [ W )

Digital Earth Australia and ®

Sentinel-2

OpenStreetMap @ o0
Council tree inventories [ ] (]

FloraBase, WA Herbarium o
DBCA %
RSIP root database and Schenk

and Jackson ®
Wikipedia and Plants of the

World Online ]
Atlas of Living Australia and

GBIF ®

ANIM
iNaturalist

BirdLife Australia, Australian
Museum, WA Museum

M AA ER AND M EMENT

Geoscience Aus;:tralia, DB

DWER, Main Roads WA LA
1 Aerial imagery 6 Plant records

2 Tree positions 7 Root spread

3 Crown heights 8 Animals

4 Tree ages 9 Terrain and water

5 Species named 10 Roads and traffic




SITE IMPORT

2, at twice Its scale, The planted bed by the road is

ellow); the street trees carry tw

three

ap and canapy height agree. Blue: twao agree

403 m—



Checking the trees smeimeort  Green spaces SITE IMPORT

BEFORE: THE IMPORT AFTER: PERTH-TUNED DEEPFOREST
GREEN SPACES CORRECT AGAINST 160 HAND-LABELLED POINTS,
PER CENT target 99
colour rules, first version 90.6
rules + crowns, shadows, texture 925
rules + canopy height, current 1.9
trained forest, not used == ===m=seseces=== {38
0 25 50 75 100
Accuracy agalnst 160 hand-labelled points at Beazley
Note, unresolved. The target was 99 per cent and it is not met. At 1m
a mulch bed with small shrubs looks like sand, and colour alone cannot

separate them

m— 04



Roads siremport  1hree states of one site THE TEST

ROAD GEOMETRY QA, OUT OF 100:
GAPS, STACKED SURFACES, SPIKES, GROUND FIT

Beazley (Curtin) 85
Beazley, 270 m north 7
Kings Park 86

Joondalup == e e mee—-- 49

Narrows interchange == ======== 43

0 25 50 75 100

Red dashed: rail cutting walls counted as spikes (Joondalup); 3 THE DECK 4 JHEEANS
freeway interchanges not yet solved. Boards come up off
the pads

Pulled, and anly the ground is [eft

405 m—



The bay, taken apart metest  The ground under the footprint THE TEST

THE BAY, EXPLODED IN THE ORDER IT COMES DOWN

The footprint set over
it. Ten plants stood
inside

THE BAY, EXPLODED
Drawn in Rhino with the plugin, Pen display. Figure by Author

4 5

Shallow; se pulling The anly part meant to stay
them barely opens
the soll

______Wilpl



One tree through time THE TEST

---0.6 m tall at one year

One plant and what depends on it THE TEST

Western Spinebill  New Holland
Honeyeater

Camaby'é Black-

Cockatoo Western Ringtail
Possum
-
Blue-banded Bee
WITHOUT THE PLANT
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The 300 mm line

Roots against the footprint FINDINGS FINDINGS
THE TREES THE FOOTPRINT REACHES AND LEAVES STANDING Note, unresclved. The 300 mm ling, the 5 m falloff and the root zone taken as
one and a half times the canopy are the plugin's working defaults, They are
Species Roots B yirone. Siuctaral Tothe still to be calibrated against monitoring data before the figures are quoted as
i = .;d“ more than a comparison
Firewood Banksia proteoid 28m 11m 0é6m Cut THERISIURAANCE SCALE O THE PLANS
pads peak 0.14 slab peak 0.64
Sheoak fine-fibrous 50m 20m 15m Cut half intensity
Slender Banksia  proteoid 30m 12m 27 m Reached 0 0.25 0.5 0.75 1
HOW ONE CELL IS SCORED: DIG, DISTANCE AND ROOT ZONE MULTIPLIED
Sheoak fine-flbrous 50m 20m 3.0 m Reached
: the dig ; how close : what it is near
Jarrah tap 105 m 42m 88m Reached 05 _/_Dsk g_5h‘_
0 i 0 0

Root types: AusTraits 7.0.0 (Falster et al. 2021). Rooting depths in banksia
woodland: Dodd and Heddle 1989, Note, unresolved. No species-|evel source
gives a lateral root spread for these five trees, so the root zones are modelled
from tree size and are not measured

0 300 1000mm O 2 4 trunk outside
the line 5m edge
slab, 600 mm ractzone,

dig depth distance from the dig 1.5 x the canopy

The three factors multiplied for each 500 mm cell, with the plugin's working
defaults; the strongest nearby dig counts.



Dependencies broken FINDINGS

EACH ANIMAL, BY ITS SLOWEST LOSS, CONTINUED

Animal nod plants Removed Ro Wait
Western pygmy-possum 9 1 - b years
- = ; THE ANIMALS THAT WAIT 44 YEARS, FOR THE GRASS TREE
Weevils 9 1 6 years
Red-eared firetail 26 3 3 2vyears
Beetles 37 3 1 1year
Red-capped parrot 7 - 1 nothing d
et Carnaby's black-cockatoo
Red-tailed black-cockatoo b 2 nothing
ost
Western ringtail possum 4 nothing -
ost e = Naw Lluenda
H.;Il ind |\ |w_v-~f
Bats 7 nothing
ost m'
.
Flies 4 nothing Native bees
ast atoo rows of the
Wasps B - - nothing
ost
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zamia Cycad (I -
Grass Tree [N -
Slender Banksia _ 72
Firewood Banksia — 56
Clasping Guinea Flower _ 52
Coast Sword-sedge — 40
Honey Bush _ 39
Jarrah [ 34
Prickly Moses | I 3¢
Sheoak - 18

0 25 50 75

M broken outright, 40 M at risk through cut roots, 32 M kept, 453

cies in the stand: red broken by removal, amb

at risk througf

After the building

Silvereye 9 29 years
Western grey kangaroo 9 29 years
Western brush wallaby & 29 years
Quokka 9 29 years
Chuditch 9 29 years
Insects 9 29 years
Ants 34 6 years
Western spinebill 16 6 years

FINDINGS

The same invoice can be written for where the building could
have stood. Moved 5 m west, the footprint takes three trees
instead of one. Moved 5 m east, it takes seven plants instead
of ten and cuts no structural roct zone at all. The tool does not
choose the position. It puts the cost of each one on the table
while the footprint can still move

ag



FINDINGS

Moving the footprint

THE LEEUWIN PROJECT

Massing

The two choices do different work. Position decides what is
taken: b m east the footprint removes 7 plants instead of 10,
breaks 25 links instead of 40, cuts no structural root zone
instead of 2, and the site is released in year 79 rather than 94,
because it ho longer takes the grass tree. Foundation decides
how much ground is disturbed: pads at 300 mm bring the peak
from 0.64 to 0.14 and the ground above half intensity from 45 m?
as built and 46 m? 5 m east to 0, at either position. The model
clears the whole footprint for either foundation, so pads change
the dig, not the plants taken.

NOT A SCORE, A CHOICE

Neither choice is enough alone. Together they keep the dig
inside the cap and shorten the debt by 15 years. The tool does
not make the decision. It makes it visible while the footprint can
still move.

READING THE PLANS

[:] footprint, slab cut 600 mm III pad footing, dug 300 mm

*  plant removed X tree of 3 m or more, removed

@ structural root zone cut @ root zone reached

®  tree of 3 m or more, clear smaller plant, clear

The lot and three steps of massing for A neglect, B some care and C full care on
lot L1, the same floor area each time, among the imported trees and barracks
footprints. Trees: the site import's own trees (species and measured height), drawn
as the Design Companion species elevations. Figure by Author

THE THREE SCHEMES IN FIGURES

FOOTPRINT STOREYS FLOOR BASEMENT OPEN LOT
AREA GROUND
Aneglect S0xt4m 6 4200m* 62x26  1400m?
m,36m sealed
deep
B some 50x1Mm 6 4,200 m* 62 x 26 1,400 m?,
care m 36m over the
deep basement
Cfullcare 50x20m 6,42 4200m¢ none,on  1100m?
pads deep soil

471 —
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What took longest to fix

REFLECTION

57 CHANGES | 12 JUN TO 12 AUG
37 CHANGES | 26 JUN TO 3 OCT

IMAGES MISSING ON THE MAC

16 CHANGES | 27 JUN TQ 9 OCT

Thumbnails in the viewport never appeared on a Mac. McNeel
confirmed that its image drawing enly works on the older OpenGL
engine, not Metal. Fixed by drawing with shapes, or laying the image
on the ground as a texture,

SETTINGS DROPPED | 7 TO 27 SEP

New settings vanished in transit. Every one is now listed in the

bridge.

SLOW START | 28 JUN TO 6 SEP

Every panel loaded its data at once. Now each loads on first use.

THOUSANDS OF HOLES | 26 AUG TO 3 OCT

Cutting perforations as solids hung Rhino. The panels are now
meshes.

DRAW BUTTONS DEAD ON WINDOWS
12 CHANGES | 9 JUL TO 20 SEP

Every wall, slab and stair too! did nothing on Windows. The code
assumed an old browser engine, and two messages sent back to
back raced each other. Fixed with a direct message channel and the
settings and command sent as one message.

WRONG SPECIES DRAWN | UNTIL 23 SEP

Plants were locked up by the wrong form of their name and drawn as
a generic plant.

LEAVING RHINO | 8 OCT

About 190 of 680 Pythan files still called Rhino directly, the start of
the standalone work.

AND THE SMALLER ONES

ONEDRIVE | 26 AUG TO 8 SEP

Edits reverted silently and conflict copies, two of them empty, were
committed. A check now fails on them.

FLASHING WINDOWS | 27 JUN TO 15 SEP

Every action made the screen jump. Fixed by making Rhino the owner
of each floating window.



Limits REFLECTION Answering the question CONCLUSION

SEED EATERS, PAINTED, PAGE 108

The birds are s

nds too tall on straigt

burra is native to the

ern Australia, which its re

not show. The camera was movec

the animal

THE 300 MM LINE, PAGE 196

ne taken as one

root zo
s working defaults

wick Bushland

WORKING STUDIES
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st lost food plant first flowers, a 04 EDGE PLANTING
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he site is held unt 06 HEDGE OR LINE
; bound. Disturbance
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Host plants with and without their animals WORKING STUDIES

Lo MORRISON'S CHRISTMAS
. ' * > FEATHERFLOWER TREE
,\. Verticordia Nuytsia
i gjterlm. ;SEG floribunda
== y the Blue L
banded Bee, Used by the
Blue-banded
’X‘ X Christmas
Beetle and Bee and
‘ \_ Australian Austra|_|ar'|
= Painted Lady Painted Lady,
Yo wo 2 YW e
o O 4 o0 PRICKLY
—ep——— * MOSES
Acacia
LT * pulchella. Used
> by the Blue
-_m. banded Bee
and Bull Ant.

B i

FRASER'S
CYCAD

Macrozamia
fraserl. Used
by the Emu

and Brushtail
Passum

» e

m— 1



QUANDONG

Santalum
acuminatum
Used by the
Emu and
Brushtail
Possum

» e

JOINTED
TWIG-RUSH

Baumea
articulata
Used by the
Motorbike
Frog.

THE 13 ANIMALS ACROSS THE ELEVEN HOSTS

e ‘o
-~ w

Western Ringtail

N
‘o
= -

Possum

Australlan Brushtail Possum e
g Carnaby's Black-
Ringneck £ :

= RSP (cckatoo
1 Fence Skink
Emu ‘ il
- Bull Ant

The library, set 2 of 4

WORKING STUDIES

000 B 0 L T
KIINEIY |

Through the seasons: winter, spring, summer and autumn.

Flawer, Aug to Dec Fruit | eaf

- - =

Roots, to 0.2 m

The library, set 3 of 4

WORKING STUDIES

Roots, to 0.5 m. Figure by Author.
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Beds, roots and range

WORKING STUDIES

HARDENBERGIA COMPTONIANA

Simple Hand-drawn Duectone Colour-coded

Illustrated Watercolour

Stipple Ticked

fwo species through the eight plan styles, drawn from the plugin's plan symbols

— 1
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THE TEST

Scenarios 1 to 20

THE END AND THE LIFE THE LIFE AND THE BEGINNING

The twenty scenarios run in three groups, the End, the Life and the Beginning, The heatwave, the drawdown and the king tide put the site under the most
in the order of the Death Manual. The End takes the building away in six stress. Scenarios 16 to 18 then run forward: a retreat, the extraction ending,
steps: the plan arrives, the clearing happens, the loss is followed past the the planting coming back. In A Bird Returns the site looks recovered but the
boundary, an outside authority draws a line, the line becomes permanent, and bird cannot breed, because hollows take longer to form than the restoration
the tool refuses. The Life then puts the site under pressure. has run. The Custodian Gate ends the deck with the custodian field empty:.

i I 55 <5 o

01 THE FOOTPRINT LANDS 02 THE CHAINSAW ARRIVES 03 PULL ONE THREAD 04 THE RED LINE 05 NEVER BUILD AGAIN
06 REFUSE 07 THE UNDERGROUND 08 THE VALUE GAP 09 THE DROUGHT LEDGER 10 THE SILENT SEASON

Figure by Author

m— 11



TEST

The first twelve scenarios drawn as 3D exhibits of the same site, each from
the file it runs on.

The last eight scenarios, from the pressure peaking to the end of the deck,
with each plan read against its side view.

- -

FINDING

Nine of the twenty still run on placeholder massing, eight blocks standing in
for the twenty-five of the vision plan. The value gap cannot be drawn outside
Rhino because it needs the ledger.

In A Bird Returns the site looks recovered after sixty years, but the bird cannot
breed, because hollows take longer than that to form. Rewilding reuses the
stand's planting positions, which was my assumption.

CHANGE

Scenarios are drawn over the model and never baked, so the ledger cannot
count a felled site as though it had been cleared.

The Custodian Gate stays the last exhibit. When the custadian field is empty,
the tool generates nothing.

11 THE DIEBACK FRONT 12 THE LONG NIGHT 13 THE HEATWAVE 14 THE DRAWDOWN 15 THE KING TIDE
et ! e
16 MANAGED RETREAT 17 EXTRACTION ENDS 18 REWILDING 19 A BIRD RETURNS 20 CUSTODIAN GATE
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METHOD

This project tests whether architectura can bagin with the end, The mathad is not 2 linear sequence but a
set of overlapping operations, each one designed to keep the ecolegical argument legible across a different
register: site, drawing, artefact, tool, and image.

The first operation is the surrender of authorship. The site was selected by a hat draw from ten banksia
woodland remnants an the Swan Coastal Plain If the project argues that architecture must negotlate
rather than imposs, the site selection had to enact that logic from the outset Warwick Bushland was
drawn, and the project began with & site it had not chosen

The second operation |s reading the site as forensic evidence. Warwick Bushland is documented through
a photographic inventory of the woodland community; a mertality timeline tracing seventy years of aerial
subtraction, & ground-cover comparison scoring the bushland against twelve surrounding land conditions,
and an ecological context analysis holding the site's figures against Gibson et al's 1994 reference data and
the EPBC listing conditions: The readings are held against the Death Manual's restoration thresholds before
ary architectural move (s proposed

The third operation is drafting the Death Manual Rather than treating ecalogical obligation as something
a building offsats at the end of its life, the Manual is drawn first, as a binding restoration protocal the
building must answer to from inception. The Manual specifies the species assemblages, soil conditions, and
hydrological patterms the site must return to once the building is gone. Every subsequent design decision
Is constrained by it

The fourth operation translates the Manual inte material consequences. The Deconstruction Manual
isclates six techniques, shallow footings, mechanical timber joints, sacrificial ground layers, [ift-clear roof

TOPIQXPLORATION

et i ™ i,

HAT EXERCISE AND RESEARCH

si
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w
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o
o
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MATERIAL CONSEQUENCES

fig
new Perth bylaw | FECYCLE VISUALIZATION TOOL

T R e

steel columns, and extractable foundation grids, that any building on this ground would have to eng
with to leave the site recoverable: These are the minimum mechanical conditions the Death Mal
reguires.

The fifth operation is the negotiation box; a physical artefact that translates the Death Manual®
ecological parameters into something that can be held, arranged, and scored by hand before a de
is drawn. Each of the six 3D-printed trays carries a parameter and & scored position along a range f
-5 to +5. The total is tallied against a scale embedded in the cork body of the box. The artefact ¢
nat compute. It negotiates. A phone embedded in the body shows the site. The trays show what
propasal is asking of it The score shows whether the bullding has earned the right to ask

The sixth operation Is the Lifecycle Visualisation Tool and Design Companion. Together, these t
ingest site data, process It against the Death Manual's ecological parameters, and retumn & real-
envelope of permissible architectural moves. The Lifecycle Visualiser gathers site-specific ecaloe
data and generates the Death Manual's binding canstraints befors any architectural input is accep
The Design Companion carrles those constraints into the design environment itself, running 2
browser panel inside Rhino with a live connection to the Grasshopper canvas. Every time the m
recomputes, the companion updates, spacies displacement count, mycorrhizal network intermup?
restoration debt, binding flag status. The tools do not generate designs. They make the ecoloc
cost of a decision visible bafora that dacision is made. Following Durine and Raby's speculative de
framewaork, the toals open debate rather than close it with salutions (Dunne and Raby 2013, &)

Both the artefact and the digital tocls remain werks In progress. The negotiatien they enact is
finished. Neithelr is the project..

MID REVIEW FINAL REVIEW
ESIGN VARIABLES/ PARAMETERS
Tt \ 0
& e ; 2 5
! V2 INTEGRATED 7
" DECONSTRUCTION -
~ MATERIALITY AND FU NENTS Sl
N COMPANION
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SIGNIFICANCE

Architecture routinely assurmes the right to sccupy a site. Planning aperavals, chient briefs, and
professional conventions praceed from the premise that a building's presence s justified by its
programme, its economic return, or its social utility. What is rarely asked [s whather the building
has earned the ecological ground it stands on, and what cbligation it carries to return that
ground when its |ife is over

This project occupies a gap that existing |iterature has not closed. Stewart Brand demonstrated
that buildings change over time, and that the best buildings separate fast-changing layers from
slow ones (Brand 1994, 13). Cedric Price proposed structures explicitly designed for their own
dismantling (Mathews 2005, 81). Neither extended this temparal awareness to the bullding's
ecological aftetlife; to the question of what the ground becomes once the building is gane.
Brand is interested in adaptation during the building's life. Price is interested in dismantling, This
project occupies the gap between them: what the ground itself inherits, and what the building
owes it, after bath adaptation and dismantling are finished,

The significance lies in reframing ecological cbligation as a binding design constraint rather
than & compensatory afterthought The Lifecycle Visualisation Tool makes the ecological
cest of a proposal visible before the proposal is bullt; remeving the most reliable defance in
the architect’s repertaire; which is plausible ignorance. Once species count, canopy loss, soll
disturbarice, fauna corrider disruption, and reversibility are legible on the same screen as the
footprint, the question stops being whether the ground can be afforded and starts being what
has to be claimed to make losing it acceptable.

The Design Companion extends this further. It is not only an infermation-generating tool, it is a
design enviranment in which the ecological record of a site is present at every decision point;
where maving a footprint updates a species displacement count, where crossing a threshold
raises 'a permanent flag, where the restoration debt is a figure the designer cannot close This
reframes the project from an analytical instrument into something that could change the way
architecture is practised: not by producing better-informed consultant reports that sit beside
the drawing, but by making the ecclogical argument inseperable from the drawing itself
The Besign Companion asks whether the buliding eams its place not once, at planning, but
continuously, across the full duration of design (Kimmerer Z013, 382). In doing so, it proposes
a model for architectural practice in which the ground has & seat in the design process, not as
context, but as constraint

The Death Manual goes further still. It does not [ust make the cost legible, It binds the building
to a restoration commitment drafted before the first line is drawn, and holds that commitment
for as long as the building stands. A developer seeking a quick return cannot absarb the
ecological debit inta a consultant report and move on. The debt is on the record. The taol will
not generate a design strategy that fails the ledger, and the Manual will not release the site
until the restoration thresholds are met.

Tested on VWarwick, that commitment has a date. The footprint in LOG 08 removes ten plants
and cuts the roots of nine more, which breaks 40 of the 532 links between the stand's plants
and the animals their records name. Under sight per cent reads as minar Read by what each
animal waits far, it is not: the slowest food plant the building takes, a grass tree, first flowers
44 years after the building has gane, so the Manual helds the site until year 94. Moved five
metres east, the same building would take seven plants and cut ne structural root zone: That
is the difference the tool makes. The cost of each position is on the table while the footprint
can still move:
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