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Emerald
Straw Bale Workehop

Course Coordinator
Chris Newton
Earth-n-Straw Pty Lid
chris@newionhouse. info
www.newtonhouse.info
0413195585
Brshane

201h Mareh — 25ih March 2005
Z%th Mareh — 2nd Aprit 2005

Registered Builder
Lance Kairl
House of Bales
sabale(@bigpond.com
Adelaide
08 85554223

Registered Builder
Scott Carter
sandmcarter@netseape.net
07 3879 2668
0401056157
Brishane

These notes are not a construction guide.-They have been put together to supplement
what you will be taught in the hand on'znd theory sessions of this workshop. Details
specific to your own home should be under the direction of your designer, engineer
and builder.







1903 - Straw Bale House in
Nabraska USA. Oldest Straw
Bale buitding n the world

Burrit Mansio
--Butltin 1038

Research - Wind Load

- Rated &t 360+ km/hour
r Cyclone Tracey 278km/hour




Smoke Development Index
Flame Spread Index
. Un-rendéred-walls will burn in the right conditions.

bales easily surpass residential and-
commercial building
smoke

Mote:

During
construction any
loose straw or

un-rendered
bales are fire
iisks .

requirements for flame spread and1
i US testing. ]

Fire Testing

. Canadian Mortgage
Housing Cotporation.

m Rendered Straw bale place against a
fumnace at 1100°C:-

. 1 hour the unexposed side 1 14°C
2 BOUS «ovorvccecamsscasssscennins | 24°C
3 howrs .o —— ~136°C

Thermal Testing
Oak Ridge National Laboratories (U.S.)

=R - Value 4.8
~ for plastered
straw bale wall




Durability - Vermin

.= Mice
» White Ants

Footings

Connecting your house into groand

. Type of footing is dependant on:-
» Soil Type
m Site = slope, floods, earthquake et
u Engineer report :
m House design

Other Considerations:-
& Amourit of material required
» Type of material lised

= Environmental impact of the foundation (eg cut

and fill)

Straw Bale - Slab Footing




Post footing

Strip Footing

Rock & Gabion
Footing




Termite Preventon
= Structural termite resistant material

— Sheel, ime, ineated trmber,;
Tl spece

= Environmentally friendly temmnite barriers-

—Tenmimesh, Granite Guard, aok cps,
physical

= Ingpection
— rever bulld gardens around wall pevirneter.

= Poisons ... -

Bottom_ Plate

-= Bottom plate connected to the footing.

= Works with the top plate as part of the te
down system.

= Bottor plate is used as the capiflary Yayer
in straw bale buildings.




20mm pebbles in bottom plate
. .

Capillary Layer

Prevents moisture from straw pooling under the
bottom straw bale.
Prevents entry of water inte the boitom straw
bale from the slab.
—20 mm pebbles
- Mesh

- Fiashing

Wire Mesh on Pole Frame designs

.. »-Provides a barrier to vermin.
u Provides a barrier to fire
ambers,

m Prevents pooling of moisture
under bottom plate.

= Enhances breathing of straw-
bale,




Just dont go
_ therel..

Rods in the centre of the
straw bales do not provide
any added benefit in E
stabilizing the wall.

Straw bales should net be
placed directly onto black
" plastic or damp courses,

Make top plates on ground




Pre Compressiori
- Give strength and stability to the
wall

- Reduces creep

- Used in load bearing and non-
load bearing walls.

Threaded Rod




- Baftens

-mWheat
» Barley
= Rice -
= Rye
= Oat
= Hemp
m Bladey & Rode grass
m Sugar cane mulch




Moisture

= The moléture content of 58 is 8% — 15%
= Moisture moves through 58 walt by:

1. Vapour diffusion - high hurmidity to lower
hurnidity through porous materials.

2. Capillary action — through fine cracks,

How Moisture Gets In

= From the ground.
u Exposure during construction.
" m Detailing around doors and windows.
w Cracks in render.
= Exterior environment

» Interior environment — g condensation
fram the kitchen and bathroom.
m Humidity

Moisture

- = Moistuié must be sustained at >20% for a
prolonged period of time for mould to
grow.

& Houses which have been effected by rot
have shown to have had poor attention to
details, footings, rendering or everhangs

_10_




Moisture Plan

u Good Hat —700mm +
awnings or veranda.

= Good Boots — Footings &
capillary bresk f damp
course,

= Good Coat - Detailing and
permeabiiity.

Selecting the Bales
# Buyer beyare,
" @ Uniform in size -
900 x 350 x 450
2400 x 900 x 600 (jumbo
m Square ends
@ Density - 16 kg plus (112kg/m?)
= Stalk length at least 25¢cm
& Moisture content 10 - 15%

Selecting the Bales

- = No history of
moisture whilst
baling or -storage. -

2 No grey or black
areas.

= Smells fresh.

& Buy local.

_11_.




Load Bearing

Non-load Bearing = Infill
Posts and beams bearing the weight
chyaw walls ace infill,

.-.12_




L.oad Bearing or Non-load Bearing?

= Height of wall

 Weight of roof

»Climate

m Design of house

# Amount of framinig required

@ Amount of time 1o detail building

L
Load Bearing
& Maximum Wall Height = 7 bales
" {before top plate)

@ 7 Bales @ 350mm = 2450mm
= + top and bottem plates 2 x100mm = 2650
= - wall compression of approx 50mm = 2600

m 7 bale wall 2600 — allows min 2400mm ceiling
= 6§ bale wall 2250 — okay with a raked ceiling eg

Temporary corner frames and -
struts are needed until the wall is
~ compressed.

_13_




Infill /Post & Beam
The posts & beamns will bear the roof’s weight.

Walls — Two Story

vralk of SB

Weall Raising |
- @No loose fill at the end of a
wall.

mOveriap stretcher bond
pattern.

ublo loose fill at corners,
mAlternate cut and uncut edge.
sCare of the bales.

-14~-




@ Don't forget the: windows.

= Don't pack to tight or too
loose

m Elephantitis and beer bellies

_15_




Re-sizing the

Bales

Measure the space

—.16_




Pacifier

Shaping the Bales

_17_




Bales on Edge
= Advantages
—Space in room
- Cost of laiger slab and roof areas.
= Disadvantages
—Strings can easily be aut during construction

— Fire in un-rendered building will burn strings and
cause spread of fire.

-7 lpad bearing
— Temporary suppott required during construction.

- Load carried by ties,
—Consider wall height

-18-




Weather Proiection

Windows
=Frame work types.
—Free floating
—Adach to top frame
—-Attached to top and botiom frame
= Positioning
= Shaping

Floating
window

No externat silt

_19_
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Doors detailing
-m koad Bearing Door
= Hybrid Door
= Flashing arid over head finishing.

m Render over timber

_21_




= Electrical
—Make time for

installation prior
rendering.

—Block Ply
—~Check In conduit

Services - Plumbing

. »-Pian 1o avaid putting water services
in wall where practical.

w Plastic sleeving
m Copper ¢an cause condensation i
wal.

= Cut in with chain saw.

—22-




Wet Areas

_ = Batfiroom and Kitchen

a Ventilate well

= Do ot tite directly on wal

n Hi condersation area needs spediic attention

= Space Ferrous cement sheet away from wall 40mm.

Internal Fittings

Kitchens

_23_




Roof Framing
- Raof&usses have & sit on top of sormething.

& In a regular house its the stud walls and their
top plakes,

m In 2 Post and Bearn it's on the beams.

= In load-bearing Straw Bale, It is the top plate on
the top course of bales,

_24_




Roof - overhangs

_25_..




Rendering Straw Bale

azy 73
'S e eo
“wd r2 33 r~rE
= g »2 U
% Z gz Y% Canadian
g ) ¥ §  -Morigage and
B - Housing
H H Corporation
Sample Vapour Wiiter
Absorption
{vapour moving throngh | {water sioving
- the wall} through ke wall)
.{Cement : Sdfid 1.7 0.038
1:3 rg/Pa*s*m ngimsli2
Cunent;!.inm:’s:md 10.2 0,052
I:1:6
Ceiant : Lime : Sand | (149 0.110
1:2;12
| T Emet Sani 13.9 0.127
[ w3 )
oy ¢
it fatha-riet.orgfmisbiresearchyCHMHCsbplaster.pdf

_26_




Sampie Vapour Water N
Permsability | Absorplion
Cament : Lime 1 Sand 1932 o093 .
A as ‘)ﬂf
Cement : Lime : Sand 0 0.014 .
Ol Paint ¢
Cement:Llime:Sand 18 0.0006
Siloxane : / —3\ W'))
Cement : Lin © San 80 0.657
Cement : Line : Sand = U.0iq
Latex paint
I
The Purpose of Render .
----- =mManagés the straw bale moisture
content
=Fre
1 Aesthetics
& Vermin
m Durability
u Structure
Wet Straw Can Rot

- @ Straw Wwill rot when exposed to a
significant amount of moisture above
freezing for a prolonged period of

time

= Balancing the wetting and drying
potential of the straw will prevent rot.

F—"""1]
A

-2




Additives to Renders
_aTensite srength

- Chaff, horsefgoatfcow hair, poly fibres,
coir, hemp

» Provide strength
- Pozzolans (volcanic ash, fy ash)

= Waterproofing with permeability and
permeance
- Giloxanes, lime, Yinseed oil, olive oil soap

Additives to Renders
mede Plasticity

= Enhance settmg
" -wall paper paste, flour pasts, linsead ofl

= Natural Adhesives
- casein, blood, starch, gum,(resin
ra

Preparation
m Ensure the detailing
~ &nd fines are desirabie.

= Trifm excess straw.

= Fill any spaces with
straw or cob.

= Niches and Shelves.

w Flashing.

_28._




Preparing Wall

Make up some cob

Fill the small gaps with cob

_29_




Cement Render
u Advantages

— Most people have some experiente with
concrete,

— Batched in cement muxer or concrete truck
and pumped.

—Shructural swength.

- Hardens quickly.

Aificut to repalr — leaving access for
molsture. A hair line crack will let moisture
move into the wall by capillary action.

— More sxpense — — cement + bird wire + tie wire
+ labour.

- Impermeable to molstire.
— Water vapour
_ Greater embodied energy.

it = B%: COZ rel d from human

. w-Akach 12 — 30 mm bird wire
to the top and bottorn plate
using clouts, Remove as
much sag out of the wire 2s
passible. E

w Tie the wire from side ta side
usiryg tie wire.

= Reppove e farthes Seoging
of bird wire using 2.5mm
wire staples.

_30_




What Sand?

a Well graded sharp sand up to 5mm
aggregate improves the sg'ength of the
rénders. A suiteble sand will fee! crunchy when

. sgueezed in the hand.

= Sharp sand is angular so partides lock
hog , Sharp sand alone does not have
enough fine particles.

u Fine sand for final coak. Fne sand hasa
larger surface area and holds more water. This
slows the capillary action of water towards the

Water
& Water + cement = hardened giue.

“mToo much water when mixing weaken the
final render. :
aStraw bales will inidelly drew mhoisture out
of the render.
& Bales must be sprayed with water before
render is applied.
all shiould be kept lightly moist for 3
ys to minimise cracking.

- Cement Render - Technique
= 3 Coets of rerder are B
- reguired
~ Scratch coat
— Brown coat

_31_.




prown Coat
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Applying render

- -2 Thin layers do not crack as easily as
thicker layers.

m Thicker layers will pull away from the wall
before drying.

& Change in render can break the capillary
action of water. ]

B lP;II layers must be keyed into the previous

yer. .

Cement Recipes
7 Coewd * iR~ $M\d/ i
- Scratch coat 1116

- Browna Coat 1116
- Final finesand 1:1:6

why Cement Cracks

® inadequate sand in the mix,

= inappropriate gradation of the sand,
W excess water inthe mix,

u inappropriate formwla,

m lack of lath




The Lime Cycle

Quarry Limestone
Calciurn Carppnate

Elaked in Water

Lime Putty  Guatime)
Hydrated lime : - “TCaleium Codde
Calowp2 = Heat Fi,0 added cad

P

g

“Caution”

. = Hime i an Alkaline. Tt Burns. It continues to
bum tausing ulgers.

= Protect skin and eyes when dealing with
guicklime, Aush any bums with lots of water.
Vinegar and mayonnaise are mild neutratizers.

w Hands will dry excessively when rendering —
protect with gloves.

Lime Render
= Advantages
"7 _ Historically proven.
— 18 tirries f¥igré périeablé then cormiert
— Over time fime renders carborate 10 iimestone.
~ Fine cracks have the ability to seif heal
-~ Larger cracks are easy to repair
=1 Wil Wl you T ThoSaTE prOvems
— More flexible during rendesing

...-34_




—

Lime Render

a Disadvantages
—~Takes longer to
harden
—~Lack of skilled
tradespeople

il

Making lime putty from quicklime

= Half fill container with cold water. 40 litres water
to 25kg quick lime

= Reaction starts immediately

m Stir continucusly to prevent caking

= Stir till dissolved and reaction stops - 10 minutes

» Limewater should be prevented from
evaporating .

1 Store 2 months minimum, ¢an be stored covered
with water indefinitely

Extreme caution
Extrems heat and
TS TR AT

_35_




Making Lime Render

n Lime Putty : Sand
11 3~A

 Mix putty well before
adding sand or water

Mix the lime render

- wToo muth water when mixing increases
shrinkage and cracking

u Use as dry a moriar as possible and push
into place

w This is harder to work than cement
= Takes more time to harden than cement

Applying Lime Render

.. m Dampen wall half hour prior rendering

» Dampen wall immediately before rendermg
(not water running off)

= If lirne dries too quickly it wll shrink and
pull away from lower layer:

w Shaded side on hot and windy days
= Cover with wet Hessian to stow drying

_36_
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Lime Rendering

a Slap a few trowels full of mortay oo hak

w Cut small slice off with trowel

2 Each trowel full is pressed into the previous
er T

W

u Not necessary to makes
smooth at this point
= Leave na alr pockets
m Go back over the
render after 20

miretes, re-compact

Lime Rendering

- mObtain d'good key between layers
& Do not let outside skin carbonate too fast
—The wihnle skin should take 2 — 7 days.
—Use mist or wet hessian bags
a Apply next coat when you can not push
thumb through previous cost.

Earth Renders
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Why use earth

- m Low Carbon Ernissions
= Local sourcing
= Fificient use of a finite resource
m Minimise pollution
a Minitrise waste
31 mBenign material

Properties of earth render

. =-Strength - Strong in compression, this can be
increased by compaction
w Duitability - Traditional earth bufiding fieve
lachked over 2 TRIERS of use
= Weathering - Earth bullding need bD be
protected from profonged exposul
monsture through appropriate shoa, hat and

[ ] Abrasm_n - Soft. Improved by changing mix,
compression, adding stabifizers.

Properties of earth render

~mMaintenance - Regular regime .

= Pest — unfounded

a Shrinkage — dependant on soil type
This can be controlled. Humidity does
not al density of the day.

u Humidity Regulator — especially useful
in wet areas where by absorbing

moisture and slowly releasing it reduces
condensation and fungal growth.

-38—




Properties of Earth Render

- @ Thermal Mass — Stores heat and slowly
releases, regulating indoor temperature
m Preserves - timber and straw in a dry
state. -
= Fire Retardant - Earth renders have good
fire retardant properties

Increasing Durability of Earth
= Materal & Techniques employed
= Appropriate design for region

. ﬁahtenance and repsir appropiiate to
iniral constructi

2 sizes

- mgravel "> 4.7qm
msand - 0.06 - 2.0mm
j -0.002 - 0.06rmm

»sily
mclay < G.Oﬂzéuql

sand

0By e O‘-silt
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Earth Structures

= Rammed Earth
< 10% diay, high sand and gravel

s Earth Render
15 to 30% clay

= Ccb Wall
15 to 40% day

Testing for Clay

-mVisual —eliminates sandy content
» Smell — musty = organic
m Nibble — grains = sand-

= Touch - clay has lumps which can not be
crushed

= Washing Hands

Lusite — Clay shiny — siit dull

Clay # Silt

--- @ Dry Strength
= Water Retention

= Cohiesion Test
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- Earth for Rendering
= 15=30% day
= 55 - 75% sand
m Max 10 -15% siit

m Max 3% organic
matier

= Too much clay =
tendency bo crack severely

<A Too mudh $and = cay wiii not cover aii the sand
partidle, the plaster will be yory brittie

& Too much silt or organic matter = cumdly,
powdery mb, vulnerable to water and decay over time.
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Body Coat Recipe

u Clay start with four test samples

straight clay

1 clay : 1 sand
1 clay : 2 sand
1 clay : 3sand

From this sefect the sample which does
not crack and does not crumble

Body Coat Recipe

= With the best sample make 3 iots with
3 mise : 1 chaff

2 mix : 1 chaff

1 mix : 1 chaff

Body Coat Recipe

a Take 'yuu best mix and make a fange
sample wall.

aObserve and modify a6 required.
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Mixing E r,_

- # Clay should be
completely dry so
that it will powder,

= Orcompletely wet so
it is a thick sturry

Wet the Walls
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Wek previcus layer wefl
Provide texture for adhesion
Provide chermical reaction for adhesion

-Finish Coat

‘Burishing the
Earth Plaster
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Caiculating Render
Requiremients

1. Iféextemal building is:-
— 10m long » 6m wide x 2.5m high

2. Calculate internal and external surface area
' = Height x Width x Walls
~ Long wall - External={10 x 2.5) x 4= 100m?
—~ Wida walls - External =(6 x 2.5) x 4= &0m?
160m?

3. Calenlate cubic metres
7 160m? Render @ S0mm thick
= 160 % 0.95 = 8m3

4, Calculate amount of Soil Required
¥f render mix s 1 clay @ 3 sand then:-
2m? day + 61 sang = 8m”
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Sustainable Building

Prnzs- Polfatyvees
TAns s Ol Flak
P

Shel - Retrhopoecion:
Leeamios - Porestaln s
Thrkef s PARTOWGIL
iy Pissiiiets - EOS6HS
Fimbos - Hemmae |
Plaka - Gypum &
Fibglasy Insosten

Consreio - Sz

Embodied Energy Reduction

- m'Use local building material
= Build small :
» Recycle .

m Renewable / sustainable
& Durability

m Disposal
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Before designing your home
set your abjectives

' Principles of Passive Solar

Design
“thermal mass
vertilation
insulation
emissivity and reflectivity
window orientation and size
awTHIgS size

natiiral lighting

Solar Chart

http:/Awwav. ausdesign.com/calc . html
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Thermal Mass

= Water AL86 KN
= Concrete 2060
= Sandstone 1800
» Clay Hles 1268
= Rammed earth 1675
= FC Sheet {compressed) 1530
n Brick 1360
n Wood ] 904
u Fibreglass Insulfation 9.2
|
Lag Time

a Concrete 250mm 69

hours
a Double brick 220mm 6.2

hours
n Adobe 250rmm 9.2

hours
u Rammed Eartth  250mm 10.3

hours

m Sandy Loam 1000mm 30 days
m Earth covered house 2-5m 65-165d
Selar Absorbency %

-...Optical flat black Paint .98
Rat Black Paint .85
Black Coricrate 91
Grown Conarele G5

Red Bricks .70
Uncoloured Corerete .65
Mediumn Blue Paint 51
White semi-gloss Paint .30
White La 21

Polished Alminium reflector sheet 12
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Ventilation

----- = Ventilation is required to provide the
following:

~fresh air

—heat removal

~gondensation reduction

@ Our winds are predominately SE

Insulation (R-Valug)

__ mSheep’s woo) 21-27
= Fibregiass 20
» Rock wool 25
m Cellulose fibre 23
a Polyester 2.3
w BExtruded polystyrene 35

u Bxpanded polystyrene 2.6
a Strawbale rendered waltk 56— 8.0
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Recommended insulalion for
Brishane
..®wRoof -

Use RFL insulation under the roof with an sir gap of
25mm minimum.R2.7

= Ceiling
In naturally ventifated hovses
Use a minimuny of R 1.5 insufation. -

u Walls
Use a minimum of R1.5 insulation.

a Flooy
R1.6 is recommended under suspended floors if:

Changed Power Attitude
Solar Hot Water saving 4%
Passive solar design 13%

. Gas Cooking 5%
Turn off standby power 8%
Total Saving 70%

Note — lifestyle Is hot compromised?

Changed Water Practice

- m Rafn Harvest in gutters and swales

= Collect grey water from Kitchen, bathroom and
laundry .

= Tertiary treated through filters and UV light,

m Reuse grey water in laundry and garden.
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