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Mono

One

structure or object made from a
single, solid piece of material

(Sturgis & Davis, 2013)






Modern

Architecture
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Emitting CO,
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Photograph by Michelle Claire Gevint
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Photograph by Allison Mears
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Industrial Hemp

Grown locally

Photograph by Barbertorte™

Quickly renewable
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Hemp Shiv

Shivs

- Mulch
- Fiberboard
- Hempcrete

Source: Parsons Healthy Materials Lab 13



L

ime

Photograph.by Matteo Fil

Sourced in Europe

Easily accessible
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Types of Lime

Air Lime
Hardens by reacting with air (CO,)

Hydraulic Lime
Hardens by reacting with water
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Cast-in-situ

Project: De Twee Snoeken & EcoBouwSalland

17



Project: De Twee Snoeken & EcoBouwSalland
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CO, negative

Project: De Twee Snoeken & EcoBouwSalland
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Life Cycle Analysis

Resource Manufacturing Use End of Life

65%
Hemp

-38 kg

(kgCO,eq/FU)

-22 kg
(kgCO,eq/FU)
35%
Lime

+16 kg

(kgCO,eq/FU)

Source: B-EPD EXIE CaNaDry 20
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Life Cycle Analysis

Resource Manufacturing Use End of Life

65%
Hemp

-38 kg

(kgCO,eq/FU)

-22 kg

(kgCO,eq/FU)

35%

L

Lime

+16 kg

(kgCO,eq/FU)

Source: B-EPD EXIE CaNaDry 22



Life Cycle Analysis

Resource Manufacturing Use End of Life

65%
Hemp

25% Incineration

75% recycling
-38 kg

(kgCO,eq/FU)

-22 kg = -14 kg

(kgCO,eq/FU) (kgCO,eq/FU)

35%

L

Lime

+16 kg

(kgCO,eq/FU)

Source: B-EPD EXIE CaNaDry 23
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Let’s build those hemp walls!!

In other words:
How can a monolithic hempcrete wall be manufactured

in a way that reliable material performance is ensured?
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Let’s build those hemp walls!!

In other words:
How can a monolithic hempcrete wall be manufactured

in a way that reliable material performance is ensured?

Challenge
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Challenges

Manual

workflow

Project:

HOP Architecten & YOMABOUW
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Challenges

Subjective

compaction

Project: HOP Architecten & YOMABOUW
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Challenges

Density
gradient

Project: De Twee Snoeken & EcoBouwSalland
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Challenges

Uncontrolled

curing conditions

RS

Project: De Twee Snoeken & EcoBouwSalland
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Prefab?

Hempcrete



Blocks

Source: IsoHemp
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Blocks

Source: IsoHemp
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Earth

Photograph by Sia, lwanderlista
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Rammed Earth

Photograph by BC Materials
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Robotic Rammed Earth

Lehm Ton Erde, Martin Rauch. Photograph by Hanno Makowitz
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Robotic Rammed Earth

Lehm Ton Erde, Martin Rauch. Photograph by Hanno Makowitz

39



Robotic Rammed Earth

Lehm Ton Erde, Martin Rauch

. Photograph by Hanno Makowitz
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Robotic Rammed

41



Manufacturing

How can a monolithic hempcrete wall be manufactured

in a way that reliable material performance is ensured?

Material

42



Manufacturing

Experiment

Material
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Manufacturing

Experiment

Material
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Considerations

Experiment Design
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Material




Binder

Material

EXIE —

BPeds in healthy houses

Air Lime
CaNaCrete (EXIE)

I aLL

- ASOWEMR

Air + Hydraulic Lime
ProKalk (IsoHemp)
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C Compaction

Manufacturing

C (%)

10%

33%

50%

60%
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30 cm

20 cm

10 cm

5cm

L (cm)
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Orientation

Manufacturing

A\

LTI

Top

Side

Front
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65%
Hem P B/H ratio 0.54

Density 175 «kg/m?
- 38 kg

(kgCO,eq/FU)

- 22 kg
(kgCO,eq/FU)
35%
Lime

+16 kg

Carbon Footprint (kgCO,eq/FU)

Manufacturing

Source: B-EPD EXIE CaNaDry 54



Carbon Footprint

Manufacturing

?%

Hemp

?

(kgCO,eq/FU)

?%

Lime

?

(kgCO,eq/FU)

(kgCO,eq/FU)

B/H ratio

Density

kg/m3
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Binder Structural

Material .+ support
Compaction Insulation
Manufacturing . thermal

Layer Height

Manufacturing

Orientation

Manufacturing

Hotbox Compressive 4 Point Bending
Thermal Conductivity Compressive Strength Bending Strength



Binder

Material

Compaction

Manufacturing

Layer Height

Manufacturing

Orientation

Manufacturing

Hotbox
Thermal Conductivity

Compressive

Compressive Strength

4 Point Bending
Bending Strength
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Production

Samples



Production Site
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Testing

Performance



Dry Density

71



Dry Density

Timeline

density
(kg/m?)

900

800

700

600

500

400

300

200

100

10

AO

20

Al

A2

A3

A4

30

A5

A6

40

M9

50

M10

M11

60

68 days
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Thermal Conductivity




¢ Frame

Thermal Conductivity
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Flux Sensors

Thermal Conductivity

1

N
it

i
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Measurements

Thermal Conductivity

Flux for AO on round 3 Temperature for AO on round 3
80 — Inside (W/m?) —— Inside Temperature (C*)
—— Outside (W/m?) —— Outside Temperature (C°)
—— Average (W/m?) —— Difference in Temperature (C°)
40
0.20
60
30
0.15
<€
40 s
~ =
< [ $;
£ 2 Z
S e ]
-1 [} °
El g e
o £ g
: E o0
20 Eo.
2
£
20
0.05
10
0
0.00
2 4 6 8 10 2 4 6 8 10
Time (h) Time (h)

Thermal conductivity for AO on round 3

0.0967

Time (h)

—— Estimated Thermal Conductivity Coeffient (W/(m-K))
—— Thermal conductivity (W/(m-K))
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Compressive Test

Compressive Strength




Test

¢ Compressive

Compressive Strength
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Compressive Test

Compressive Strength
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Stress-strain curves

Compressive Strength

stress
(MPa)

3.5

25

05

0.1

0.2

0.3

AO

Al

A2

A3

A4

A5

A6

0.4

A7

05

M9

M10

M11

0.6
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Bending Strength




Stress-strain curves
Bending Strength

<120 N on a 100 000 N machine

stress
(MPa)

0.020

0.015 \f 1M

0.010

0.005

0 0.005 0.010 0.015 0.020 0.025 0.030

strain

A7 (Side) A8 (Front) M12 (Side)



Conclusions

Experiment



A =0.077 wmk

E = 0.49 wea

A=0.101 wm

E=4.76 we

A = 0.080 wimk

A=0.101 wmc

O'C’y =0.51 wmpa

A =0.106 wimk

E=5.01 wa

A = 0.085 wimk

E = 384 MPa

O'C’y= 1.11 wps

A =0.127 wmx

A=0.101 wmk

E=2.22 v

84



Binder

Material

Compaction

Manufacturing

Layer Height

Manufacturing

o Orientation

observed

observed

not observed

Hotbox
Thermal Conductivity

inconclusive

observed

observed

observed

Compressive

Compressive Strength

inconclusive

inconclusive

4 Point Bending
Bending Strength
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Binder

Material

Air Lime
CaNaCrete (EXIE)
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Compaction

Manufacturing

C (%)

10%

Rc = 4.7 m2K/W

33%

Hotbox
Thermal Conductivity

50%

60%
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Compaction

Manufacturing

C (%)

10%

36 cm

Hotbox

Rc = 4.7 m2K/W

33%

38 cm

Thermal Conductivity

50%

50 cm

60%

60 cm
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Compaction

Manufacturing

10%

36 cm

33%

50% 60%

38 cm

50 cm 60 cm

Compressive

Compressive Strength
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Compaction

Manufacturing

C (%)

50 cm

60%

60 cm
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L Layer Height

Manufacturing

i
E
E
1

Compressive

Compressive Strength
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Layer Height

Manufacturing

Minimise density gradient

L <10cm
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Orientation

Manufacturing

49 cm

@ Hotbox

Thermal Conductivity

A=0.101T wmk

47 cm
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Orientation

Manufacturing

Compressive

Compressive Strength
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B Binder

Material

Compaction

Manufacturing

L Layer Height

Manufacturing

Orientation

Manufacturing

Transportation

Manufacturing

Carbon Footprint

Manufacturing
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Transportation
Manufacturing
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Transportation

Manufacturing

q Further Research

- Transporting?
— Element connections?
— Mounting to the building?

Photos: Salem Mostefaoui (2022)
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Carbon Footprint

Manufacturing

48%
Hemp

-64 kg

(kgCO,eq/FU)

52%
Lime

+55 kg

B/H ratio

Density

Resource

0.54

175

-9 kg

(kgCO,eq/FU)

1.09

275

Manufacturing

Y

kg/m?3

Use

75% recycling

End of Life

25% Incineration

= -0.02 kg

(kgCO,eq/FU)

~ 0

100



Carbon Footprint

Manufacturing

48%
Hemp

-64 kg

(kgCO,eq/FU)

52%
Lime

+55 kg

Resource

-9 kg

(kgCO,eq/FU)

Manufacturing Use

75% recycling

LI

End of Life

25% Incineration

U

-0.02 kg

(kgCO,eq/FU)

0

rce: environment.co




Resource Manufacturing Use End of Life

48%
Hemp

25% composting

75% recycling
-64 kg

(kgCO,eq/FU)

-16 kg

(kgCO,eq/FU)

-9 kg

(kgCO,eq/FU)

52%

Y

Lime

+55 kg

Carbon Footprint

Manufacturing

\

® ! v

‘Source: TennGreen Land Co‘nservancy



Carbon Footprint

Manufacturing

48%
Hemp

-64 kg

(kgCO,eq/FU)

52%
Lime

+55 kg

Resource

-9 kg

(kgCO,eq/FU)

Manufacturing

Y

Use

75% recycling

4 Further Research

25% composting?
Ratio with fresh material?

75 years service life?

End of Life

25% composting

-16 kg

(kgCO,eq/FU)

\

® ! v

‘Source: TennGreen Land Co‘nservancy






9cm 18cm 9cm
C=50% © =10 C=50%
L = 10cm L = 10cm L =10cm

A=007T wm A =0.106 wi




3x3m element




é Further Research

- Scaling?
— Reinforcement for wind?
— 3 zone density?

3x3m element







Future

Hempcrete



Biobased Interest

Photograph by Rob Boogaarts
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Hempcrete Plinth
1200 m?

-

Render.by the Urbanisten & GroupA * : 112







