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EXECUTIVE SUMMARY

An embodied energy study has been conducted

to determine the negative impacts chat The
Deparrment of Conservations standardized hut
designs have on the natural environment and
whether the material palettes used in these designs
can be altered to reduce the negative impace posed.

The resules of the calculations conducted on the
original design demonstrate thac the larger the size
of the hur, the larger the total embodied energy
value. The two bunk huts toral value is 20,911 M],
followed by the four bunk huc with 32,839 M], the
six bunk hut with 38,806M], the ten bunk

hut with 58,318 M], and the twelve bunk hut

with 61,252 M]. The results regarding this can

be found in chapeer 4 — original results.

The inidal results informed the changes o
be applied to the standardized designs. The

alterations realised included: replacing the highly
manufactured materials such as steel, fibreglass
insularion, and plyweod with more natural,
regenerative materials. This produced significant
resules over all five of the standardized designs,
with reductons ranging from 34% to 619%. These
alrerations, and the embodied energy results from
the alered design can be viewed in chapeer 5 -
altered design.

The altered design had minimal effects on the
durabilicy and maineenance that would be required
by altering the desiga, nor with the overall weight
and transportability that the altered design would
create. However the price increased significantly,
ranging from $17,448 - $25,302. The derails
regarding this can be found in chapter 7 — cost
comparison.
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INTRODUCTION

The negative environmental impacis from the built
environment are immense. Globally, 409 of all
energy and building resources are used to build and
operate buildings, 4096 of greenhouse gas emissions
come from building construction opetations, and
40% of sotal waste results from construction and

demolition acidvries (UNER 2007). In 2003, the
United Nations warned tha if current patterns did
not change, the expansion of the built environment
would distroy or disturb racural habiraes and
wildlife on more than 70% of the Eearchs surface
by 2032,




This is an especially rroubling concept for New
Zealand as the environment is central to the

Kiwi way of life. Our iconic landscapes have
shaped our identity as 2 nation, and the resources
from the land, freshwater and sea underpin our
valuable primary industries, The vasied urban

and rural fandscapes in which we live, work, and
spend leisure time form an integral part of our
soeial, culteral, and economie well-being, Careful
stewardship of our narural landscapes and resources
is therefore important: both tourism and our
primary production sectors rely on New Zealands
‘clean and green’ reputation internationally
{Ministry for the Environment, 2007). We also
need to recognise thar we have a responsibility to
the future generations to ensure the experience of
New Zealand’s natural environment remains a way
of life.

There are opportunities for central government
organisations to show leadership and take
New Zealand forward 10 a suseainably builc
environment, by helping develop momentum
for adopring these appraaches (Jenkin & Zari,

2009). One such government organisation in a
good position to achieve this is The Department
of Conservation, which is the central government
organisation charged with promoting conservarion
of the narural and historic heritage of New
Zealand. Much of the departments work rakes
place on the more than eight milfor: hectares of
conservation land that it manages. This land makes
up about 1/3 of our country, and includes over
1000 hurs scattered throughourt varrying locations,
The huts provide unique places to stay, refuge from
bad weather and a place to rest and recover when
out exploring the many parks and reserves.

Although The Department of Conservation
make desicions thoughtfully when designing
and specifying materials for these huts, unless an
objective analysis is carried out, it is not possible
o derermine the impact thar these particular
buildings have on our environment.



LI AIM

An embedied energy study will be conducred

o derermine the level of environmental impace
created by new Deparcment of Conservation
huts, which will be construcred in New Zealands
natural environment. The research is intended
ta enlighted The Deparement of Conservation
of the current status of their designs, and where
they couid make informed and conscientious
changes to the selected marerial pallees. If
appropriately implemented, then the new steck
of Department of Consetvartion huts could be
builr with a lesser impact on our environment,
but would also further propel The Department
of Conservation foreward as leaders and role
models for sustainability in New Zealand.

1.2 HYPOTHESIS

An embodied energy study will be used as a
calculation method to decermine that The
Department of Congervation huts impace the
environment negatively and could be easily
improved by selecting che material palerte more
thoughtfully.
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1.3 SCOPE

The embodied energy study wilt be conducred
on the five varying sized standard hut designs,
set out by The Department of Conservatien,
as these are what are used for che substantial
proportion of newly construceed hurs in New
Zealand. The study will focus specifically on
Coloursteel clad hues as opposed to board and
batten clad huts as these are significantly more
occurring, the study will also be restricted to
hues with verandas and decking that eccur

on two facades of the building, as opposed to
other varying oprions available. The embodied
energy dara chat has been obtained and used
for the study has been produced by Andrew
Alcorn, and has been used for this research
due to its specific relevant to New Zealand.
However, before embodied energy values could
be caleulared, an in depth breakdown of every
item used to construct each srandard hur design
was obtained, and the weighis of each material
found.

1.4 REPORT OUTLINE

This report has been seructured to enable the
reader to follow the course of the research
easily. Section One — Introduction explains the
significance of the research and why it is being
undertaken; the research aim; the scope; and
an outline of the report structure. The second
chapter, Section two — Methodology, provides
a hyporhesis and introduces the key conceprs
of the embodied energy study: it describes
what embodied energy dara was used and
why; the parameters of the research, and; the
steps undercaken to ensure the informarion is
valid and accurate. Section three — covers the
embodied energy calculation process. Section
four and five~ Results, contains firstly the
resules for the original hues designs and chen
the resules of the aleered designs. Chaprer

5 — durability analysis compares the life span
of the original design to the altered design
and zlso the amount of maintenance which
would be required for each, Following on
from this are sections 6 and 7 which compare
the transportability of the two designs and
the cost of the to designs. Finally, chaprer 8

- conclusions and recommendacions diseusses
the result outcomes and how they could be
implemented by DOC for their future work.
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RESFEARCH DESIGN

This seerion of the report containg an overview of
the methods used in this study. Firstly the method
used to calculate the level of environmental impact
the buildings pose is investigated, and highlights
why you would use this method of calculation.

It goes on to examine the buildings that are to

be researched, briefly identifying cheir history,

the owner and operators, and whar aspect of the
buildings is to be studied and researched. It then
discusses the process for gathering the required
informarion and what measures wese implemented
to ensure the information is accurate and reliable,



2.1 EMBODIED ENERGY

There are many varying methods which can be
used to determine the environmenea! impact

of a building or structure. Embodied energy

is 2 method which analyses one aspect of the
environmenral impact, human made objeces
have on the envirenment. One definition of the
process states thac it is the quanticy of energy
required by al} the other activities associared
with a production pracess, including the relarive
proportions consumed in all activities upstream
to the acquisition of narural resources and the
share of energy used in making equipment and
other supporting functions. i.e. direct plus indirect
energy (Treloar, 1994).

2.2 WHY WAS EMBODIED ENERGY USED

An embodied energy analysis calenlares one aspect
of sustainability, and is a good caleulztion method
to use for these specialized buildings as they are not
used like buildings found closer to civilization. The
huts therefore do not comply with the majoricty of
the categories tested for in the many sustainability
calculations avatiable, For example Department

of Conservation huts do not have power, places

for waste disposal, or 2 means of wansport to the
building other chan walking, which are componenrs
tzken into account for susrainabiiity caleuiarion
methods such as Green Stan, LEED and Bream. An
embodied energy study is an appropriate method to
use as it focuses on the materials used to construct
the building, which is essentially all these buildings
are — a selecrion of materials to form a shelter, Each
component used to construct the building Is given
a number value, therefore comparisons can easily
be be made between varying maserials rypes in
order to determine which has a lesser impact on the
environment.
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2.3 EMBODIED ENERGY COEFFICIENTS

2.4 HUTS HISTORY

Andrew Alcorn’s embodied energy coefficients have
been used for this research due to their specific
relevance co New Zealand. This is an important
aspect of the research design s the embodied
energy values depend on the materials used and
the source of the marerials, therefore, this is

why dara for a building material in one country
may differ significantly from the same material
manufactured in 2nother country. A ‘cradle to

the facrory gare' analysis is used — i.e. the impaers
assaciated with making the producr are considered,
but not the impacts of getting it to site, using

it on site and disposing of it after the end of its
useful life. The informarion caprures some key
environmental concerns (including resource use
and climate change related indicarors). However

it doesn’t differentiate between renewable and
non-renewable energy forms and it doesn provide
any informarion on other environmental impacts
— such as ozone depletion, human toxicity and
eco-toxicity (VUW, 2003),

The backcountry huts of New Zealand conrain

a heritage of aboue 1400 hucs thar is unequal o
anywhere in the wozld. A great number of these
huts were built in the 1900 as part of the wild
animal control operations by the New Zealand
Forest Service and, 1o a lesser extent, by its
predecessor, the Deer Diviston of the Department
of Internals. Because the huts were built in remote
locations the provision of the building materials
was a big constraint . Often the resources
available on site were exploited, with results that
many old crafts were applied for the last fimes.
Alternarively, if marerials were transported to the
site, it was on the backs of men or packhorses, and
this strongly influenced the design. The result is
vernacular buildings chat are physically discinctive
from those found closer to civilisation {DOC,
2010). Although more sdvanced transportation
and construction methods are used, today’s huts
are reminiscent of their predecessors, with similar
characreristics, traits and material pallets.



2.5 THE DEPARTMENT OF CONSERVATION

2.6 PARAMETERS

Today, The Departmene of Conservation is the
only significant owner and builder of backcountry
huts in New Zealand, and is responsible for
building, alteration and management of these
buildings, however due to the scale and purpose
of the operarion it has become necessary thar

the buildings comply with the Building Act and
the Building Code along with the specifications
set by The Department of Conservation. In

order to achieve this successfully five standard
huts have been designed which comply wich all
of the necessary codes and decuments, The five
standard designs are all very similar however vary
in size — two, four, six, ten, and rwelve bunk, The
specifications, construction details and plans can

be found in The Department of Conservation’s hut

procurement manual.

The embodied energy study will be conducred
on the standard hut designs, as set out in

The Deparrrnent of Conservation’s Hut
Procurement Manual. It is intended to benefit
the future huts to be builr, it could also aid in
the specification of materials for renovations or
maintenance needed zo be conducted on existing
huts. This is in comparison to caleularing the
environmental impact of the existing hur stack.

It has been decided to conduct the study on the
furure hurs to be buile as 0 calculate the impact
of the existing hut stock would be difficulc due
to the large, varying range of sizes, construction
mechods and marerial palettes used in the past.
Also it is unlikely that the large collection of
existing buildings could be replaced or renovated
as a) it would be a very expensive and timely
exercise, b) it would be 2n unnecessary waste of
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recourses, and c) it would be unsustainable ro
replace or renovate existing hues thar are in good
condition, Ir appears more logical and realistic o
identify areas for improvement for the buildings
that have yet to be constructed or renovated.

The hur procurement manual provides varying
design and matetial choices. For the purpose of chis
tesearch the most commonly implemented options
have been selected ta represent the body of possibte
ougcomes.

The Department of Conservation has advised
that the significant proportion of huts are clad
with Coloussteel in comparisan o board and
batten, and that the design which allows the deck
and veranda to engulf owo facades as opposed

to one is more commonly preferred.

The study has only been conducted on the building
structures only; internal fierings such as bunks,
tables, benches, and hooks have been excluded as
these items will be consistent regardless of the huts
construction methods and material selection.

Also addirions such as long-drop oiters and water
ranks have also been excluded.

All five of the standardised huts had their embodied
energy calculated as they are not proportional in
size, and therefore one hut is not representative of
all five of the designs.




Our iconic landscapes have
shaped our identity as a nation

2.7 RELAVENCE OF RESEARCH

The Department of Conservarion have stated

that approximarely ten new huts are construcred
each year, and this number is expecred to carry
into the furure, maintenance on the huts is also
continual, This is a significant number of new huts
to be constructed in order to deem the research
relevant. The research would not only help reduce
the negative impact these struceizes have on the
environment but would give The Deparunent of
Conservation the chance to show leadership and
tzke New Zealand forward into 2 more sustainable
builc environment.

2.8 MAKING ALTERATIONS

Having an embodied energy value for the hurs is
irrelevant unless comparable, therefore alrernative
material possibilities were also calculated. The
alrernative materials were selected based on

the concerning areas highlighred in the initial
resules. The alternative marerials were selecred
consclentious of the specific characteristics
associated with these specialised buildings. These
characreristics include the isolated locations that
the huts are located in, the specialized use of the
buildings, the difficulties involved with transport
to the site, the beautiful environments would

be placed into, and the stringent budget; as The
Department of Conservarion is a2 government
organisation. The alternative marerial selections
were also limited to the coeflicient values available
in Andrew Alcorn’s data. This is because it is
importane that the values are specifically relevant
to New Zealand, and also for consistency with the
previous data obtained from the original designs.
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METHOD

Tourism and our primary sectors rely on
New Zealand’s * clean and green’ reputation
inrernationally
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3.1 COMPARATIVE ANALYSIS

Comparative analysis is the method which has
been used to analyse the results obtained from

the embodied enetgy caleulations conducted on
the original hut designs and then the re-designed
huts. It can be described as the comparison
berween two or more comparable alternatives,
processes, products, qualificatfons, sets of daca
erc. Comparative research is a broad field, asina
strict scene all analysis is compararive. However
Pickvance argues that the following two must be
met:

-Data must be gathered on two or mare cases; and
~There must be an attempt to explain rather than
describe

It should be noted that comparative analysis
requires the things being compared to be
commensurable, but not necessarily identical.
Commensurable but means chat they can be placed
at the same or different points on 2 dimensior of
theoretical interest (Pickvance, C., 2001).

3.2 PROCESS

In order to gain an embodied energy value fora
building, the material weight of each individual
material used to construcs the hut is needed,
which is then multiplied by its assigned embodied
energy coefficient. This process was applied to
both the original hut and the re-designed hue.
This seetion: of the report covers the methods used
to conduct the embodied energy calculations. It
provides a description of how the trade break up
was conducted, how the marerial weights were
abtaired, and what measures were undersaken
ensure thar che altered design could be accurarely

compared with the original design.



3.3 TRADE BREAKUP

3.4 MATERIAL WEIGHTS

The analysis is only as valid as the dara; therefore
it was importane that a qualified quantity surveyor
conducted the trade break-up. Using all five of

the standardised huts plans, obtained from The
Department of Conservatiens Hut Procurement
Manual, the rrade break up could be conducied. It
was split into the main components which make
up the building — sub-structure, walls, roof, floor,
windows and deors, hardware, and deck and steps.
‘This was to help identify problem areas, and 1o
easily compare how specific changes would affect
individual camponents of the hu.

As with the trade break-up, it was important that
che material weight informarion was also accurate,
Therefore, were possible, this data was obtained
from the manufacturers of the individual marerials,
and then the New Zealand Instisute of Quantity
Surveyors handbook if the manufacrurers’ data was
unavailable,




3.5 EMBODIED ENFRGY COEFFICIENTS

The embodied energy study has been caleudated

as accurately as possible, however the results

rely on Andrew Alcorn's coefficients. As would

be expected, there is not a coefficient for every
individual marerial or object used in the huts.
Therefore assumptions need to be made as to
which coefficient should be applied to a material
or objece. In some cases there were no comparable
coefficients, and materials or objects needed be
excluded from the calculation. Consistency was
important when apply this, so that the results from
the original design and the altered design could

be accurazely compared. Further details on what
coefficients have been applied to which materials,
and were materials have been exempt can be found
in the appendix.
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ORIGINAL RESULTS

This section of the report contains the cateulared each of the five standardized huts is presenced,
embodied energy results for the five standardised followed by the embodied energy per metre squared
har designs. The toral embodied energy value for for each of the five standardized hus,
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GRAPH 1: TOTAL EMBODIED ENERGY OF ORIGINAL HUT DESIGNS

EMBODIED ENERGY (MJ)

S0 —
“0020 I
000 . ROOF
() EXTERNAL WALLS
i () SUB-STRUCTURE
- :i
o

@ DECK & STEPS

@ wiNDOWs & DOORS

4.1 TOTAL EMBODIED ENERGY

Graph 1 shows the total embodied energy for

each of the huts, from the two bunk hut up to

the large 12 bunk hut. The Y-axis of the graph is
the embodied energy value in mega joules, and

the X-axis is the hut size. The coloured sections
within each bar represent the different components
which make up the hut and include sub-structure,
external walls, the roof, windows and doors and the
deck and steps.

The graph indicates that the larger the size of

the hur, the larger the embaodied energy value,
therefore reflecting a greater negative impact on
the environment. The two bunk hut has a total
embodied energy of 20,911 MJ, followed by

the four bunk at 32,839 M], the six bunk with
38,806 MYJ, the ten bunk with 58,318 MJ and the
twelve bunk with 61,252 M]. As the huts do not
increase with size proportionally, neither do the
total embodied energy figures for each hur. The
embodied energy values increase with the size of
the huts as larger quantities of materials will be
required to construct the huts as the sizes increase.

The roof and walls, i.e. the blue and pink colours,
contribute the largest embodied energy value, this
is because the Coloursteel used to clad each of
these components, has a large embodied energy
coefficient of 34.8 M]/Kg in comparison to rough-
sawn, treated, pinus radiata which has a value of
3.0 MJ/Kg (Alcorn, A., 2001). The walls of the two

bunk hut contribute 11,173 MJ (53%) to the toral
embodied energy value of chat hut, followed by the
12,423 M]J (44%) to the four bunk hut, 19,719
M] (519%) to the six bunk hut, 22,444 M] (38%)
to the ten bunk hut, and 23,885 M] (39%) on the
twelve bunk hut. The roof contributes less to the
total embodied energy value of each hur as there

is less area than che walls, however the values are
still significant, with the roof of the two bunk hut
contributing 3609 MJ (17%) to the toral embodied
energy value of that hut, followed by the roof of
the four bunk hut contributing 7699 MJ (23%),
9059 MJ (23%) to the six bunk hut, 20,025 M]
(3496) to the ten bunk hut, and 20,736 M] (34%)
to the twelve bunk hut. As you can see, the roofs
total embodied energy value increase with the area
of the roof.

Pinus radiata had been used to construct the
sub-floor structure and the deck and steps; this
has resulted in 2 low contribution to the total
embodied energy, represented by the orange and
green sections of each bar. The variation in the
orange areas, which are the sub-floor strucrure;
with the two and four bunks sub-structures

total of 4353 MJ and 6114 M], which is large in
comparison to the six, ten and twelve bunk huts
at 3835 M], 5462 M], and 6073 M]. This occurs
because the two and four bunk huts use steel floor
joists as opposed to the other three huts, which
have a timber sub-floor.



GRAPH 2: EMBODIED ENERGY PER METRE SQUARED
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4.2 EMBODIED ENERGY PER M?

Graph 2 shows the embodied energy per

metre squared for each of the five standardized
Department of Conservation hut designs, from
the two bunk up to the larger twelve bunk hut.
The Y-axis of the graph is the embodied energy per
metre squared in mega joules, and the X-axis is the
hue size. As with the previous graph the coloured
sections within each bar represent the different
components which make up the hut and include
sub-strucrure, external walls, the roof, windows
and doors and the deck and steps. The five huts do
not increase in size proporcionally with the square
metres of each of the huts as follows - two bunk
hut: 6.75m2, four bunk hut: 10.8m2, 6 bunk hut:
18m2, ren bunk hut: 32.76m2, and the twelve
bunk hut: 37.44m2.

Calculating the embodied energy per metre squared
now indicates that the two bunk hut has the largest
embodied energy value at 3097 M], followed by

10 BUNEKE

12 BUNK

the four bunk hut with 3040 M], the six bunk hut
with 2155 MJ (519%), the ten bunk huc with 1780
MYJ, and the twelve bunk hut with 1636 M].

As with the previous graph, the roof and walls, i.e.
the blue and pink colours, contribure the largest
embodied energy values. The walls of the rwo bunk
hur contributed 1655 MJ/m2 (53%) to the total
embodied energy value for that hut, 1356 M]/m2
(449) to the four bunk hut, 1096 MJ/m2 (50.8%)
to the six bunk hut, 685 M]/m2 (38.4%) to the ten
bunk hut, and 638 M]/m2 938.9%) to the twelve
bunk hut.

The summary of this graph is that the initial
outlay of embodied energy is high but as you add
additional area to the huts this value decreases.
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ALTERED DESIGN

From the inizial results and graphs, the key areas
contributing to the embodied energy rorals could
be identified. Therefore alternative marerials
could be suggested and tested to attempt to
reduce the total embodied energy of each hut.
The main contriburars w the embodied energy
toral of each hut were idenrified to be the steel

used in the sub-floor and framing of the two
and four bunk huts, the Coloursteel cladding
the walls and roof of all five huts, the fibreglass
and polystyrene insulation, and the highly
manufactired timbee products such as plywood
which is used in all five hurs to line the walls,

ceiling and Hoor.




ORIGINAL DESIGN ALTERED DESIGN
MATERIAL MJ/IKG MATERIAL MJ/KG
Sl Faming 313 | TibeFamng |30
Fibreglass insulation 321 Waol Insulation 14.6
Orotfows | 06| TeesGuoatom | 20
Coloursteet Roof Cladding 34.8 Ceder Shingle roof cladding 3.0
Chousei i Cutdy | #| smdt vl uiog] 104

{ALCORN, A, 2001)

TABLE 1. EMBODIED ENERGY COQEFFICIENT COMPARISONS

5.0.1 USE OF STEEL

Energy and CO2 implications of building
constresction in New Zealand has been examined
by Buchanan, A derailed analysis of net carbon
emissions resulting from construction of buildings
(in New Zealand) using different structural
materials has been made. The study concludes that
significant decreases in CO2 emissions and energy
would result in constructing building of wood

in cornparison to steel, conerere or eluminium
(Buchanan, A., 1998). Significant amounts of
energy are vsed in the manufacture of virgin steel,
as it is usually made by one of the two following
methods:

-Integrated blast furnace and basic oxygen furnace,
using the raw marerials iron ore, fimestone and
coke.

-eleceronic arc furnace, using mainly scrap steel
which s re-melred with addirives.

In addition to this there is visual impact from the
removal of ironsand from New Zealand open cast
mines, afthough once the iron is extracted the
sand Is returned to the mine site and the nararal
environment reinstared. There is also potential for

damage to local ecosystems during raw material
exeraction {Level, 2010).

Alrernatively, dimber can be used in the
construction of buildings. Timber has many
significant advantages over competitive building
marerials, particularly from 2 sustinabilicy
perspective, being plentiful and renewable, Wood
is the only major building material thatisa
sustainable and renewable resource. Enviconmental
impacr assessments consistently show the
sustainable benefits of vsing timber and biological
products, due to the comparatively small amount of
energy used in the extraction, marofacturing and
construction phases (Buchanan, A., 2008).

As of a result of this research the external
coloursteel cladding was replaced with board and
bateen, the Coloursteel roof was replaced with
cedar shingles and the steel sub-floor systems and
stee] framing in both the 2 bunk and four bunk
huts have been replaced with timber. The embodied
energy coeflicients of each marerial are compared in
rable 1 above.



.2 TN, TION

Pink Bacrs fibreglass insulation has been specified
in the walls and ceiling of the original standardized
huz designs. Fibreglass insulations are made from
marerials such as rock slag, recycled glass, quartz
sand, soda ash, lime stone, and boron which are
melted and spun into fibres. Fibreglass insulation
could be described as the most commonly used
insulation material in New Zealand as it is readily
available, has a high R-value to price ratio, and is
easily worked with. However, significant amounts
of energy are required in the manufacturing of
fibreglass insulation, as recycled glass has 1o be
heated to extremely high temperatures and spun
ingo fibres, which are chen densely layered into
mats or barting. This subsequently gives it 2 high
embodied encrgy value of 32.1 M]/Kg (Alcorn, A.,
2001). Alrernatively, a building can be insulated
with wool insulation. Wool is 2 sustainable,

allergen-free, natural form of insulation thar
provides an environmentally alternative o fibreglass
or polystyrene. It is made using a significant
amount less energy that fibreglass batts, therefore
giving ir a lower embodied energy value of 14.6
MJ/Kg; ar least half of the fibreglass batts value
{(Alcorn, A., 2001). These values can be compared
in eable 1 on the previous age.

No alternative could be found for polystyrene, as

it is used bencarh the floor. To insert a marerial
stich as wool insulation into an area such as this

it would then need to be concealed with plywood
1o ensure it did not blow away, damaged by the
weacher, animals or natural environment, however
to achieve this it would use a higher rotal embodied
energy than it would to use the polystyrene.




5.0.3 MANUFACTURED TIMBER

Internally, the walls, floor and ceiling are

lined with plywood. Plywood is an assembled
product comprising thin layers of wood bonded
together with the grain usually at right angles.
Sheerts of plywood are made by applying phenol
formaldehyde resin to vencers of predetermined
grade i a specific arrangement. These veneers are
hot pressed to cure the adhesives and form the
plywood panels (Buchanan, A., 2007). Plywood is
a more manufacrured material chan treated timber
and therefore its embodied energy value of 10.4 is
higher than standard timber with a value of 3.0;
the comparison of these materials can be viewed in
table 1 (Alcorn, A,. 2001). The plywood flooring
inall 5 standardized huts have been replaced with
pine tongue and geoove flooring. Appropriate
alrernarives could not be found for the walls and
ceiling cherefore they were feft as they are.

5.0.4 MATERIALS NOT ALTERED

The aluminium window and door joinery have not
been replaced with timber frames. Aluminium is
the most commonly used framing material in New
Zealand as it Is light, scrong, durable, and requires
low maintenance. Although timber would have

a significantly lower embodied energy value, is
more expensive, less durable, and requires regular
maintenance, which would not be an appropriate
solution for The Department of Conservation huts.
The deck and steps have zlso obtained their
original design and marerials, as they are already
conseructed from timber, and no appropriate
alrerative could be realised.
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GRAPH 4: DIFFERENCE IN TOTAL EMBODIED ENERGY
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Graph 4 now demonstrates the reducrion in toral
embodied energy that the changes previously
described would make. Once again the X-axis
shows the hut size and the Y -axis shows the total
embodied energy in megajoules. Each hut now has
two bars on the graph — the original design and the

new improved design.

The reduction in toral embodied energy is
significant with the two bunks embodied energy
reducing by 12,673 MJ (61%), four bunk by
17,813 M]J (549%), six bunk by 17,408 M]
(44.99%), ten bunk by 20,304 MJ (34.8%) and
the twelve bunk by 23, 279 MJ (38%). Although
a significant reduction in total embodied energy
occurs across zll five hurs, the largest reduction
occurs in the two bunk hut closely followed by the
four bunk hut. This is due to the fact that initially
these two designs incorporated steel floor joists and
framing, therefore greater reductions could be
achieved,

DRIGINAL

& BUNK

®

ALTERED QRIGIAL ANMEPED ORGINAL ALTERED

HIBUNK 12 BUKK

’ DECK & STEPS

. WINDOWS & DOCRS

The largest reduction occurs in the blue sections,
i.e. by changing the external wall cladding from
Coloursteel to board and batten. The embodied
energy of the wall components was reduced by
8140 M] (73%) for the two bunk hut, 8940

M] (629%) for che four bunk hut, 12881 M]
(65%) for the six bunk hut, 13045 M] (58%)

for the ten bunk hur, and 13903 M] (58%) for
the twelve bunk hut. Significant reductions in
embodied energy were also achieved by replacing
the Coloursteel cladding on the roof with a cedar
shingles system. The embodied energy for the
roofing component for the two bunk hur reduced
by 1709 MJ (47%), 4538 M] (59%) for the four
bunk hut, 3382 MJ (37%) for the six bunk, 5996
MJ (29%) for the ten bunk hut, and 6296 M]
(30%) for the twelve bunk.
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5.2 EMBODIED ENERGY PER M

Graph 5 now demonstrates the reduction in the
embodied energy per metre squared when the

huts marerial pallet has been altered. As with the
previous graphs the X-axis shows the hut size and
the Y-axis shows the total embodied energy per
metre squared.

The graph demonstrates that the 4 bunk hurs
altered design has the highest embodied energy
per metre squared with a value of 1391 M]/m2,
followed by the two bunk hut with a value of 1220
M]/m?2, the six bunk hut with a value of 1189 M]/
m2, the ten bunk hut with a value of 1160 M]/m2
and the twelve bunk hut with a value of 1160 M]/
m2.

The embodied energy per metre squared of the
two bunk hut has been reduced by1877M]/m2,
by 1649M]/m2 for the four bunk hut, by 967 MJ/
m2 for the six bunk hut, 620M]/m2 for the ten
bunk hut, and 622 M]/m2 for the twelve bunk
hut. Therefore indicating that the two bunk huts
embodied energy per metre squared has had the
greatest reduction, however the twelve bunk hut
has the lowest embodied energy value per metre
squared.
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IBILITY ANALYSIS

Indoor and outdoor cledding materials are subject The Deparement of Conservation has expressed
to dererioration. Weather, use and vandalism the need to consider the durability of the chosen
can all impact on the useful life of a marerial or materials for che huts, and take into account the

building. This is especially so for The Department maintenance that will be required on each. This
of Conservation huts, which are located in difficulc  section of che report compares the durability and
to access sites, in extreme weather conditions, maintenance required for the altered hur design
and have a high turnover of visitors. Therefore against the original design.




6.1 METAL ROOFING & WALL CLADDING

6.2 TIMBER SHAKES o SHINGLES

Corrugated, galvanised mild steel has a long
history of use in New Zealand and has become

a construcrion icon, Corrosion is the prizary
issue with metal roofing, New Zealand’s vey high
atmospheric salt content means that corrosion
occurs just abour everywhere in the country
(Elkink, A., 2008). Mild steel roofing requires
protection as it is particularly susceprible to
corrosion from atmospheric salts and pollutants. A
protective coating acts s a ‘sacrificial’ metal, that
is, it will corrode over time but provide protection
10 the underneath. Paint may be applied after
installation, or a5 a factory — applied finish that
provides a low-maintenance coating until the

end of its serviceable life (typically 15 years in
severe environments and up to 30 years in mild
environments) (Elkink, A., 2008).

Shingles are sawn to produce a tapering thickness
with relatively smooth front and back faces; shakes
may be split and tend ro have a more highly
texrured surface than chingles.

When the timber is suirably treated, or naturally
durable timber is used, shingfes and shakes provide
a low mainzenance roofing material. The serviceable
life depends on the environment. In damp
condirions, they made need replacing in 7-10 years,
buc will fast much longer in a drier climate (Elkink,
A., 2008).

The timber should be premium oz No. 1 grade.
Most shakes and shingles available in New Zealand
are made from imported western red cedar, a
timber popular in North America for its durability,
low thermal and moisture movemenr properties,
high strength to weight ratio, and abilicy to be
pressure treated (Elkink, A., 2008).




SPORIABILITY

Due 1o the remote locations the hurts are
constructed in and the inaceessibilicy of the sites,
helicoprers are urilised to transporr construction
materials, labourers and tools to site, The
helicopters are not only expensive to run, buralso
have a negacive impact on the environment as they
burn a significant amount of fuel and also cause fly

over noise and visual disruption. This section of the
repoze compares the rotal weights of che original
designed huts with the weights of the re-designed
huts to better understand the impact in which the
transporiing of the materials to site will impact the
rotal embodicd energy values of the original hut
compared to the re-designed hur.




. OPTION ONE -

" OPTIONTWO - |

" OPTION THREE -

COLOURSTEEL WALL

URSTEE Re-paint after 15 years, every 7
8 ROOF CLADDING -

years chereafter. Blast clean at
40 years. Replace 2t 30 years

Blast clean/repaint after 15
years. Re-paint at 10 year
intervils. Replace at 50 years

Heose down every year. do
not re-paint, reptace at 40
years.

ROOFING SHINGLE,S Replace and painc cracked
DRSNS 7| shingles after 10 years, then
every 10 years. Replace after
* |70 years.

Replace cracked ciles after
5 years, then ever 10 years.
Replace after 40 years.

Replace cracked shingles
after 10 years only. no
other maintenance. Re-

BOARD & BATTEN
WALL CLADDING

- |Standard acrylic 2 coars avery 7
{years. Replace at 50 years

No eoating, no maintenance. | NfA

Replace at 30 years

{BRANZ, 1597)

TABLE 2: LIFE EXPEXTANCY AND MAINTENANCE REQUIREMENT OF EXTERNAL CLADDINGS

6.3 BOARD & BATTEN CLADDING

6.4 DURABILITY RESULTS

Vertical board and batten as a cladding material in
New Zealand is tried and true, reaching back to the
catly days of sertdement. The 12 inch wide boards
in native timbers are no longer available in New
Zealand, but H3.2 — treated radiate pine boards are
a good substiture as they are versarile, can be left 10
weather naturaly, can be painted, are easily worked,
come in a large varaicy or sizes and it is 2 system
which is well known to builders and trades people
{Conder, T., 2004).

Table 2 compares the durabiity and maintenance
requirements of the external cladding marerials
of both the original and alrered hut designs.

The tzble demonstrates thar wich different levels
of maintenance, cach cladding marterial has 2
prolonged life expecrancy.

Roeof Cladding: Altering the roof cladding can
extend the life expectancy of the roof, frem 30
years achieved by the Coloursteel, to 70 years
achieved by the cedar shingles. In order to achieve
this life span maintenance and painring is required
every 10 years in comparison to Coloursteel which
would require maintenance after 15 years and then
every 7 yeass thereafter, In the 70 year life span of
the cedar shingle roof it would need theorerically
need mainrenance 7 times, and 3 times in irs 50
year life span, therefote indicating thar it requires
less maintenance than 2 Coloursteel roof system
which would need mainzenance 6 times within ics
50 year life span,

Wall Cladding: With maximum mainrenance,
both the Coloursteel wall cladding and board and
barren wall cladding have a life expecrancy of 30
years, However, within this time frame che board
and barten cladding would need two additional
doses of maintenance as this is required every 7
years, as opposed 1o the Coloursteel which can go
for the first 15 years without maineenance before
needing it every 7 years thereafter. At minimum
Coloursteel cladding requires to be hosed down
once a year, reducing the maintenance bue also
reducing the life expectancy of the material to 40
years. The board and barzen cladding, if desized
can be left unmaintained, however, significantly
reducing its life expectancy to 30 years.



COST COMPARISON

The Department of Conservation are 2 government  can be a costly venture due to the remote locations
organisation and therefore budger restraints these buildings are constructed in, therefore, a cost
do occur. The building, maintaining and analysis is an important process 1o underrake.
operaring of the huts thronghour New Zealand




1
i

2 BUNK 4 BUNK 10 BUNK 12 BUNK
ORIGINAL| ALTERED ORIGINAL ALTERED ORIGINAL|ALTERED ORIGINAL AITERED

SUBSTRUCTURE | 447 | 57 | 278 4@ 1120 | 1009 | 1218 1180
EXTERNAL WALLS | 325 | 487 n7o 1512 | 1ss0 | 2007-| 2317 | 2149 2500
ROOF s oo 2100 2500 | 2522 | 2600 ¢ 3100
WINDOWS & DOORS -f‘ 53 121 : 324 324 324 324
DECK & STEPS 88 456 392 592 s 892
TOTAL (KILOGRAMS)| - 1048 | 1504 4309 7464 | 722517996
TOTAL (TONNES) L5 43 694 | 723 |84l

TABLE 3: WEIGHT COMPARISON OF ORIGINAL DESIGN AGAINST ALTERED DESIGN (KILOGRAMS)

ooy

e —_— 1
4 BUNK 4
6 BUNK 5
10 BUNK 6
12 BUNK 7

1

4
p)
7

7

TABLE 4: HELICOPTER TRIPS COMPARISON OF ORIGINAL DESIGN AGAINST ALTERED DESIGN

The weights of all five of the re-designed huts are
larger than the weights of the original designed
huts; this is becanse the Coloursteel eladding, and
steel framing — which is reasonably light, has been
replaced with dmber — which is a heavier marerial.
The re-design of the five standardized huts has
caused 2 weight increase to the two bunk hut of
456Kg, 201Kg to the four bunk hat, 480Kg o
the six bunk hut, 633Kg to the ten bunk hur, and
771Kg to the rwelve bunk hur. These results can be
viewed in rable 3 above.

As na sites have been specified for this research,
and the sites and locations that the hues will be
built in will vary considerably when construering
them throughour New Zealand, it makes it
difficulr to determine the fuel consumption of
the helicopter to ransport the hurs materials to
site. Information regarding the total weighr that
helicopters can lifr has been obtained from Dion

Marheson, = helicopter pilot for The Department of
Conservation. From this informarion the number
of trips the helicopter will need to take to transport
the huts marerials to site can be calculated and
therefore indicate which designs consume the least
fuel, and reduce flyover disturbance.

A Squirrel B3 can lift the greatest waighe —1160

Kg; therefore by dividing the toral weight of each
hut by this figure the number of trips the helicoprer
will need to tke to delivered the materials to site
can be calculated (Macheson, D)., 2010). As wble

4 above demonstrates, the increased weights of the
re-designed huts have had minimal effect on the
number of trip which would be required 1o get the
building materials to sice. The 10 bunk hut is the
only size which has been affeceed, which the re-
design needing 7 trips in comparison to the original
designs 6 trips.
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2 BUNK 4 BUNK 6 BUNK 10 BUNK 12 BUNK
ORIGINAL| ALTERED|ORIGINAL ALTERED| ORIGINAL|ALTERED DRIGINAL| ALTERED |ORIGINAL| ALTERED
SUB-STRUCTURE | $8167 | 55653 | $4437 | 55356 | 6954 | $adds [$11,028| s14,168 | 811,617 (815244
EXTERNALWALLS | $4412.| s7571 | 810,601 518,302 '"515;'595 $24,907 317366 528,853 s1327 $31,418
ROOF 's4619. | 53601 | $5989 | $9326 | $7795 |s12,440|818,480| 521,427 [$189%7 | 27,51
WINDOWS & DOORS 54033 5033 | .5“5.::.17._1 $5171 sss:ro $5870 510957 $10,957 $10957 $10957
DECK&STEPS | -$1796. | $1796 | $6722 | s72z | su7s5 | $8755 [$12,296| 512,296 | $12,588 | $12.588
TOTAL 823,027 | 822,654 $32,9201544,877| $42.969 | $60.417 | 70,127 87,701 | $72,426 | $97.728

TABLE 5: COST COMPARISON OF ORIGINAL DESIGN AGAINST ALTERED DESIGN (KILOGRAMS)

The total cost of the construction materials of

the original standardized hut designs have been
compared against the roral cost of the construction
marterials of the re-designed huts. The costs
have been broken down into the main components
which make up the huts — sub-struccure, external
walls, roof, windows and doors, and deck and
steps; so that the main contribusors to the

total cost can be recognised. The resules show
(excluding the 2bunk hur) thar the re-designed
huts materials are more expensive than chase of the
ariginal hut design. The results are presented in
rable 5 above.

By altering che design the four bunk hut has
reduced in cost by $373.00 (1.6%). Alchough

the re-design has increased the wall cladding costs
by $3500, reductions have be achieved through
replacing the steel floor joists with timber, saving
$3211. Reduesions have alse been achieved in

the re-design of the roof, saving $168 by replacing
the steel rafters with dmber, The remainder of
reducrions is made up through the reduced cost
of fixings In the re-designed hur.

The re-design of the four bunk hut has increased
the estimarted cost of the building by $11,956
(269). Conuibuting to the cost increase s

the tongue and groove flooring which has been
specified in the re-design, increasing the price

by $920. The board and batren cladding on the
redesigned hut has significantly increased the
price by $38607. As has the cedar shingle roofing
tiles; increasing the roof cladding price by $3700.

The six bunk hut’s estimared price has raised
$17,448 (29%) when re-designed. As with the two
and four bunk huts, the major conrtributors to chis
price increase is through replacing the Coloursteel
cladding with board and batten, this has increased
the price by $10,460. By applying a cedar shingle
roofing system to che re-designed hut the price has
inereased $4315. The tongue and groove flooring
specified in the re-design has also increased the
price by $1481.

The ten bunk hues estimated price has raised
$17,574 (20%). This is 2 lesser percentage increase
than the four and six bunk huts, however still
significant. The use of board and batten exeernal
wall cladding has increased the price by $9567, by
replacing the roof cladding to cedar shingles the
price increases by $11,813.

The twelve bunk hues estimated price has also
raised also, $25,302 (26%). As with the previous
huts, the main contriburors to the price increase
were the board and batten wal! eladding, with a
significant price increase of $12,657, and che cedar
roaf cladding, with an increase of $3008.

By re-designing the huts with more
environmentally concious materials, a significant
price increase has occured, ranging from $17,448
to $25,302. The main conuibutors o this price
inceease, over all of the hurs was from the tongue
and groove internal flooring, the board and batten
excernal wall cladding, and the cedar shingle roof
cladding




The immense strain that the building and
construction industry has put on the nataral
environment is immense, Globally 40 per cent

of all greenhouse gas emissions come from
building construction and operation, and 40

per cent of rotal waste results from construction
and demolition activities (UNEP, 2007). This

is especially troubling for New Zealand as the
environmenr is central to the kiwi way of life. The
careful stewardship of our natural landscapes and
resources is also important: both tourism and our
primary production seccors rely on New Zealand’s
‘elean green’ reputation internatianally (Ministry
for the environment, 2007).

As The Department of Conservation own

and marage over 1000 hurs throughour New
Zealand’s nacural landscape,and hur continue o
be constructed, it is impartant that these buildings
scar the environment as little as possible.

The aim of this research was to determine the
negacive impact crezeed by new Deparoment

of Conservation huts so that alterations can be
suggested to the marerial palerre, ro reduce the
negative impact that these buildings pose. The
embodied energy caleulations conducted on the
original designs indicated that the larger the size

of the hut the larger the embodied energy value,
therefore placing 2 larger negarive impact on the
environment. This is because a larger amount of
mazerials is required to construcr a larger building.
However when caleularing the embodied energy
per square metre, the larger 12 bunk hut has che
lowest embodied energy value and the smaller

two bunk hur has the highest value. Therefore
indicating that the inirial outlay of embodied
energy is high, but decreases per square merer as
additional area is added. The calculation results
indicated that the roof and walls contributed the
highest percentage to the total embodied energy
of each hut, this is because the Coloursteel used to
clad each of these components has a high embodied
energy coefficient. The components of each hut
which contribured the least to the rotal embodied
energy value was those constructed of timber, such
as the sub-structure,

From these initial results alterations could be
suggested which would reduce the total embodied
energy for each of the huts. These changes focused
on replacing highly manufactured materials such

as steel, fibreglass insulation and plyweod with

less processed, natural materials. The Coloursteel
external wall cladding was replaced with a board
and bartten cladding system, the Coloursteel roofing
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CONCLUSION

New Zeatand is as beaurifial as

beauty is in the world
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The natural environment is important o alf New
Zeatanders, socially, culturally, spiritually and
economically
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was replaced with a cedar shingle roofing system,
the internal plywood fooring was replaced with
pine tangue and groove floosing and any steel
framing was replaced to timber framing. These
changes produced significanc resuls, with toral
embodied energy reductions ranging from 34%

to 61%. The altered hur design resules indicated
thae the hut with the highest embodied energy per
metre squared was now the four bunk hut, however
the twelve bunk hur rerained the lowest embodied
energy value per metre squared.

Although these embodied energy reductions are
significant there were additional characreristics
which needed to be considered. These included
the durability of the altered marerials, the
transportability of the materials and the cost.

The durability analysis determined that the use

of a cedar shingle roof system could potentially
increase the roofs life span, and decrease the
required maintenance, By cladding the walls with
a more environmenrally conscious cladding the life
expecrancy of the marerial stays the same, however
would require one extra dose of maintenance.

The life expectancy of the insulation and internal
flooring was unchanged. The rransportabilicy
analysis concluded thae the alrered design

was heavier than the original design; however

{excluding the 10 bunk hut} this did not affeet the
number of loads which would be required in order
to transport each of the huts to site. Therefore not
posing any problems associated with fuel excessive
fuel consumpdon and Ay over disturbance. The
final characteristic analysed was the cost. The results
proved that the altered design was significantly
more expensive than the original design, with price
increases ranging from $17,448 1o $25,302,

Through the embodied energy study conducted on
The Department of Conservation huts, significant
reductions in embodied energy values were
achieved, thus reducing the segative impacr chese
buildings could have on the environment. Due to
the alterations suggested, the price of the materials
ta conseruct the hurs has increased. However it
muse be highlighted thar not all of che changes
suggested would have to be implemented if it was
not financially plausible. The information produced
could not only be used to inform new huc builds,
but could also be used 1o aid in maeerial selection
when individual alrerarions are being performed,
or maintenance is being undertaken, therefore the
price increase would not have such a significant
impact, but environmenzally conscious descisions
could still be achieved.
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Material MJ / MJ/m® | gCO,/kg
Copper, sheet 976 872924 7738 69173
rod, wire 92.5 827316 7477 66844
recycled, tube 24 21217 112 1002
Glass, float, tint 15.9 40039 1735 3904 127 1500
laminated 16.3 41112 1743 4391 127 1500
toughened 26 .4 66605 1918 4834 12.7 1500
Gypsum_ plaster 36 218 38 218
plaster board 7.4 7080 421 404 3.6 218
HDPE 51 48168 3447 3257 456 3440
Insulation, cellulose 4.3 1486 140 4.7
fibreglass 321 1026 770 246
polystyrene 44 .3 1064 2495 599 52.9 2495
LDPE 38.1 114 3540 3186 37.7 3533
MDF 11.9 8213 -1286 -392 0.6 421
Polystyrene, expanded 44.3 1419 2495 79.8 529 2495
PVC, extruded 609 80944 4349 5784 60.9 4349
Sand 0.1 232 6.9 15.9
Steel, virgin, structural 31.3 245757 1242 9749 30 1148
recycled, reinf, sections 86 67144 352 2766 16 87.5
recycled, wire 123 96544 526 4129 1.5 82.9
stainless 74.8 613535 5457 44747 68.3 5105
MJ/m® | g CO,/m?®
Timber, pine, air dried, 2.8 1179 -1665 -699 0.6 43.5
rough-sawn, untreated
pine, air dri, rough, treat 3.0 1252 -1657 -696 62.5 3288
pine, air dried, dressed 3.0 1273 -1662 -698 0.6 435
pine, gas dried, dressed 9.5 39908 -134¢ -5667 0.6 43.5
pine, bio dried. dressed 4.1 1732 -1644 -690 0.6 43.5
pine, gas dried, dressed 9.7 4060 -1342 -564 625 | 3288
glulam 136 5727 4141 479 | 9546 | 50042




Embod ed Enerzy and U Coethozans for N2 Baldung Mare oals

Embaodied Energy and CO, CoefTicients of New Zealand Building Materials

Material MJ / MJ/m® | gCO,/kg kg CO, II[ lmegﬁe_d_l
m MJ/kg [l g CO,!I:; |
Aggregate, general 0.04 65.0 23 35
river 0.03 46.7 1.6 24
virgin rock 0.06 83.3 31 4.6
Aluminium, virgin 192 517185 8000 21600 579 4294
extruded 202 544685 8346 22533 57.9 4294
extruded, anodised 226 611224 9359 25270 579 4294
extruded, powder coat 218 587940 9205 24855 579 4294
Aluminium, recycled 9 24397 622 1679
extruded 14.6 39318 721 1946
extruded, anodised 238 64340 887 2393
extruded, powder coat 15.2 40928 731 1975
Asphalt (paving) 0.2 3356 14.6 227
Bitumen (feedstock) 2.4 2475 171 176
Bitumen (fuel) 443 45632 3020 3110
Cellulose pulp 196 1057 612 33
Cement, average 6.2 12005 994 193¢ 0.2 14.5
dry 5.8 11393 987 1885 0.2 10.9
wet 6.5 12594 1021 1990 0.3 179
Cement fibre board 9.4 13286 629 894
Ceramic brick, new tech. 2.7 5310 138 271
hrick, old tech, av. 6.7 13188 518 1021
brick, old tech, coal 7.6 14885 684 1348
brick, old tech, gas 5.8 11491 353 695
Clay 0.07 69 4.7 47
Concrete, block 0.9 13.9/unit 106 1.6/unit
black fill 1.2 2728 162 357.2
precastdouble T 1.9 4546 214 526
17.5 MPa 1 2242 120 282
30 MPa 13 2988 164.7 390
40 MPa 15 3512 195 466

Cemtre Tor Building Performance Research, Victona Uno oty of W ellingron
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* Job Name: DOC HUTS REVISED Job Descrig

| Client's Name: DOC HUTS -2 to12 BUNK Alternative Materials
Trade Description Trade Cost/ m2 iliTabour--- Material Sub Total  Mark Trade
Y Qty Rate Total Total Up % Total

2 BUNK

SUBSTRUCTURE - FLOOR 1.62 5,653 5,633 5,633
EXTERNAL WALLS 2.16 7,571 BT 7,571
ROOF 1.03 3,601 3,601 3,601
WINDOWS & EXTERIOR 1.15 4,033 4,033 4,033
DOORS

FITTINGS & FIXTURES 0.48 1,691 1,691 1,691
DECK & STEPS 051 1,796 1,796 1,796
4 BUNK

SUBSTRUCTURE - FLOOR 1.53 ) 5,356 5,356 5,356
EXTERNAL WALLS 523 18,302 18,302 18,302
ROOF 2.67 9,326 9,326 9,326
WINDOWS & EXTERIOR 1.48 5,171 T A 5171
DOORS

FITTINGS & FIXTURES 1.61 5,615 5,615 5,615
DECK & STEPS 1.92 6,722 6,722 6,722
6 BUNK

SUBSTRUCTURE - FLOOR 2.41 8,445 8,445 8,445
EXTERNAL WALLS 7.12 24,907 24,907 24,907
ROOF 356 12,440 12,440 12,440
WINDOWS & EXTERIOR 1.68 5,870 5,870 5,870
DOORS

FITTINGS & FIXTURES 2.07 7,248 7,248 7,248
DECK & STEPS 2.50 8,755 8,735 8,755
10 BUNK

SUBSTRUCTURE - FLOOR 4.05 14,168 14,168 14,168
EXTERNAL WALLS 808 31,418 31,418 31,418
ROOF 7.87 27,521 27,521 27,521
WINDOWS & EXTERIOR 3.13 10,957 10,957 10,957
DOORS

FITTINGS & FIXTURES 3.05 10,672 10,672 10,672
DECK & STEPS 3.51 12,296 12,296 12,296
12 BUNK

SUBSTRUCTURE - FLOOR 4.36 15,244 15,244 15,244
EXTERNAL WALLS 8.25 28,853 28,853 28,853
ROOF 6.13 21,427 21,427 21,427
WINDOWS & EXTERIOR 3.13 10,957 10,957 10,957
DOORS

FITTINGS & FIXTURES 321 11,223 11,223 11,223
DECK & STEPS 3.60 12,588 12,588 12,588

100,00 349,826 349,826 349,826
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Job Name : DOC HUTS Job Description
1 et SRR BIHIR o e s E S
T ] Trade Description Trade Cost/ m2 ---Labour--- Material Sub Total  Mark Trade
Yo Rate Total Total Up % Total
. ] 2 BUNK
’ SUBSTRUCTURE - FLOOR 2.96 8,167 8,167 8,167
1 EXTERNAL WALLS 1.60 4,412 4,412 4,412
ROOF 0.95 2,619 2,619 2,619
j WINDOWS & EXTERIOR 146 4,033 4,033 4,033
. DOORS
- FITTINGS & FIXTURES 0.61 1,691 1,691 1,691
. ] DECK & STEPS 0.65 1,796 1,796 1.796
:_] 4 BUNK
- ] SUBSTRUCTURE - FLOOR 1.61 4,437 4,437 4,437
- EXTERNAL WALLS 3.84 10,601 10,601 10,601
—) ROOF 217 5,980 5,989 5,089
o WINDOWS & EXTERIOR 1.87 5,171 5,171 5,171
. DOORS
- FITTINGS & FIXTURES 2.04 5,613 5,615 5,615
j DECK & STEPS 244 6,722 6,722 6,722
6 BUNK
j SUBSTRUCTURE - FLOOR 2.52 6,954 6,954 6,954
EXTERNAL WALLS 4.93 13,595 13,595 13,595
:] ROOF 2.83 7,795 7,795 7,795
j WINDOWS & EXTERIOR 2.13 5,870 5,870 5,870
- DOORS
= FITTINGS & FIXTURES 2.63 7,248 7,248 7,248
»J DECK & STEPS 3.17 8,755 8,755 8,755
- J 10 BUNK
- SUBSTRUCTURE - FLOOR 4.00 11,028 11,028 11,028
J EXTERNAL WALLS 6.29 17,366 17,366 17,366
= ROOF 6.70 18,480 18.480 18,480
J WINDOWS & EXTERIOR 3.97 10,957 10,957 10,957
- DOORS
J FITTINGS & FIXTURES 3.87 10,672 10,672 10,672
] DECK & STEPS 446 12,296 12,296 12,296
- 12 BUNK
. J SUBSTRUCTURE - FLOOR 421 11,617 11,617 11,617
! EXTERNAL WALLS 6.64 18,327 18.327 18,327
J ROOF 6.86 18.937 18,937 18,937
. WINDOWS & EXTERIOR 3.97 10,957 10,957 10,957
L J DOORS
- FITTINGS & FIXTURES 4.07 11,223 11,223 11,223
] DECK & STEPS 4.56 12,588 12,588 12,588
" _] 100,00 275,918 275,918 275,918
__] INDEPENDENT QUANTITY SURVEYORS Page: 1 of 2 Date of Printing: [ Jul 10
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