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Lerjordens Renaessance

Kort afdeekning af forrige semesters undersogelser

How buildings learn & Suitable layering (Steward Brand & Anne
Sigrid Nordby)

Best practice/state of the art projekt
Caseprojektets grundlag for valg af konstruktioner
Indhentning af jord

Identifikation af materialet

Jordforurening

Tegningsmateriale
Herunder skitsering & Projektering

Sammenfejning af projektmaterialer
Herunder lerjordens tektonik.

Modelproduktion
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Hvordan kan byggeteknikker udvikles mere cirkuleert, ved brug af organiske konstruktioner, sammensat af biogene og geogene
materialer der hviler og vokser i jorden under os - og hvordan kan vi ved at genbesoge historien, undersege nutidige state-of-
the-art projekter, tage ved leere af den tilgaengelige vidensbank og derigennem tegne os ind i fremtidens byggesystemer?



How Buildings Learn

1. Site (Pladsen det er bygget pa)

2. Structure (Det strukturelle system), 3. Skin
(yderbeklaedning)

4. Services (Teknik, HVAC, VVS etc.)
5. Spaceplan (planlesning og indvendigt layout)

6. Stuff (meblering).
I
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— SERVICES
SKIN
STRUCTURE
SITE

Anne Sigrid Nordby, PhD
Salvageability, implications for architecture

Stewart Brand - "How Buildings Learn"
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Credits | Design: Lehm Ton Erde Baukunst GmbH | Photo: © Beat Biihler



Haus Rauch

Martin Rauch

Project timeline 2005-2008
Arkitekt Roger Boltshauser

450 mm rammed earth

100 mm Hiss Reed Insulation
40 mm lerplader

Daverende beregnet u-veerdi under projek-
teringen 1-1.2 W/(m?’K)

Faktisk U-veerdi under fysisk maling efter
bygningen stod feerdig. 0.30 W/(m?’K)

Fachhochschule of Arts and Science, Luzern

Eneste dreen er fra tagkonstruktion ned
gennem trappekerne.

Haus Rauch, 3D section.
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The Wilshire Project

Tuckey design studio
Gammelt teglveerk
Kalklag i stedet for teglsten.

Photo: www.tuckeydesign.com
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Fundament

Dansk jord indeholder rigtig mange natur-
sten ogsa kaldet syldsten, hvilket som ord
er afledt af det oldnordiske ord “syld”, der
betyder fundament .

Der graves til frostfri dybde og laegges et
lag sand der fungerer som et draenlag un-
der fundamentet. Store flade sten stables i
lag og mindre sten udfylder de mellemrum
der matte opstd . Mortel pafores sa stenene

haerder sammen. Den overliggende sokkel
bygges op af teglsten der beskytter mod

opsprojt og eventuelle hirde stod.

Afgangsprojekt

Unnamead

Voarndskunet tegkhen
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39

Stue & 1. Sal |

Ydervaggen i stueetagen bestar af 390 mm \
stampet lerjord, der efter Rauch’s beviste
teori om afskyldning af de mindste sedi-
menter, udger den udvendige del. Dernzest |
50 mm ventileret hulrum, 180 mm treefiber
isolering, diffusionsaben dampbremse 60
mm og lerplader 20 mm.

Dette er en stor konstruktion pa 700 mm,
dels grundet at den baerer husets oven
liggende elementer og dels fordi det i et
moderne dansk perspektiv, er essentielt at i £ _
praesentere en lav u-verdi. Den overholder e el _ e T R LR PR R TR
sagtens mindstekravet, men med en u-vaer- e _- . e e e e e
di pa 0,17 er det realistisk at overholde | :
energirammen.

Mulig konsekvens |~

3100

bundremmen under dekkonstruktion, kan
blive kold og maske vad, hvilket i sidste
ende kan give rad.

Delte meninger om dette, Martin Rauch,
vil mene at den stampede lerjord fuldsten-
digt vil regulerer fugtbalancen.

Afgangsprojekt . Sal Detalje



D2Sall

Ved overgangen mellem 1. og 2. sal udfe-
res der konstruktiv treebeskyttelse i form
af et breet der monteres med haldning,
der i facaden skaber en naturlig lagdeling P
etagerne imellem. 1 pa 2 beklaedningen, er "
monteret med kernesiden ud, sa en boj-

ningitreetvil lukke og ikke abne A |
op for eventuelle mellemrum  mel- ___,_,..-""'.ﬁ
lem braedderne.  Bunden af breedderne

skaeres i smig for at skdne endetreet.
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Afgnngspmje kt knudepunkt 2. sal



Stue & 1. Sal

Stort udhaeng pa 1 meter
Teglsten pa laegter og afstandslister,

fast undertag.
Treefiber isolering

U-veerdi 0,13 W/(m2K)

Afgangsprojekt

Tagfodsdetalie
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-ubakus

Lerjord - Traefiber - Diffutherm - Lerboard

All statements without guarantee

Exterior wall
created on 4.6.2024

Thermal protection
U=0,16 W/(m2K)

Interior insulation: No requirement*

Moisture proofing

Condensate: 1,62 kg/m?
Dries 142 days
Wood moisture: +0,5%

insufficient excellent

Heat protection

Temperature amplitude damping: >100
phase shift: non relevant
Thermal capacity inside: 87 kJ/m2K

excellent insufficient excellent insufficient
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@ Claytec Lehmbauplatte (20 mm)
@ UdiUNGER-DIFFUTHERM NF (60 mm)

@ GUTEX Thermoflex (180 mm)
@ Stampflehm (390 mm)

Impact of each layer and comparison to reference values

For the following figure, the thermal resistances of the individual layers were converted in millimeters insulation. The scale
refers to an insulation of thermal conductivity 0,038 W/mK.
Claytec Lehmbauplatte
Spruce, UdiUNGER-DIFFUTHERM NF
Spruce, GUTEX Thermoflex (Keymark zertifiziert)

Stampflehm (Massiv)

Equivalent
insulation thickness
(WLS 038)

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 mm
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Inside air : 20,0°C/ 60% Thickness: 65,0 cm
Outside air: -12,0°C/ 80% sd-value: 3,8 m Weight: 899 kg/m?

Surface temperature.: 18,0°C/-11,8°C Heat capacity: 927 kJ/m?K

Commercial use only with Plus-, PDF- or Profi-Option (from 2.99 € / month plus VAT).

-ubakus

Lerjord - Traefiber - Diffutherm - Lerboard, U=0,16 W/(m2K)

All statements without guarantee

Temperature profile

Temperature profile
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(D Claytec Lehmbauplatte (20 mm)  (3) GUTEX Thermoflex (180 mm)
(2) UdiUNGER-DIFFUTHERM NF (60 mm)4) Stampflehm (390 mm)

Left:Temperature and dew-point temperature at the place marked in the right figure. The dew-point indicates the
temperature, at which water vapour condensates. As long as the temperature of the component is everywhere above the dew
point, no condensation occurs. If the curves have contact, condensation occurs at the corresponding position.

Right: The component, drawn to scale.

Layers (from inside to outside)

Material A R Temperatur [°C]
[W/mK] [m2K/W] min max
Thermal contact resistance* 0,130 18,0 20,0
1 2 cm Claytec Lehmbauplatte 0,130 0,154 16,7 18,8 14,0
2 6 cm UdiUNGER-DIFFUTHERM NF 0,048 1,250 11,0 18,1 13,1
6 cm Spruce (5,3%) 0,130 0,462 11,0 16,9 14
3 18 cm GUTEX Thermoflex (Keymark zertifiziert) 0,038 4,737 9,7 12,3 8,5
18 cm Spruce (5,3%) 0,130 1,385 9,3 11,0 43
4 39 cm Stampflehm (Massiv) 0,930 0,419 -11,8 93 858,0
Thermal contact resistance* 0,040 -12,0 -11,8
65 cm Whole component 6,115 899,3

*Thermal contact resistances according to DIN 6946 for the U-value calculation. Rsi=0,25 and Rse=0,04 according to DIN
4108-3 were used for moisture proofing and temperature profile.

Surface temperature inside (min / average / max): 180°C 187°C 188°C
Surface temperature outside (min / average / max):  -11,8°C  -11,8°C  -11,8°C

Commercial use only with Plus-, PDF- or Profi-Option (from 2.99 € / month plus VAT).



“ubahkus
Lerjord - Ventileret lag - Treefiber - Diffutherm -
Lerboard

All statements without guarantee

Exterior wall
created on 4.6.2024

Thermal protection
U =0,17 w/mz2K)

GEG 2020/23 Bestand*: U<0,24 W/(m?K)

Moisture proofing
No condensate

Heat protection

Temperature amplitude damping: 28
phase shift: 12,5 h
Thermal capacity inside: 48 kJ/m2K

excellent insufficient excellent insufficient excellent insufficient
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(1) Claytec Lehmbauplatte (20 mm)
@ UdiUNGER-DIFFUTHERM NF (60 mm)

(3) GUTEX Thermoflex (180 mm)
(4) Rear ventilated level (50 mm)

(5) Stampflehm (390 mm)

Impact of each layer and comparison to reference values

For the following figure, the thermal resistances of the individual layers were converted in millimeters insulation. The scale
refers to an insulation of thermal conductivity 0,038 W/mK.

Claytec Lehmbauplatte
Spruce, UdiUNGER-DIFFUTHERM NF

Spruce, GUTEX Thermoflex (Keymark zertifiziert) Equivalent
insulation thickness
(WLS 038)

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 mm
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Inside air : 20,0°C/ 60% Thickness: 70,0 cm
Outside air: -12,0°C/ 80% sd-value: 1,1 m Weight: 899 kg/m?

Surface temperature.: 17,9°C/-11,8°C Heat capacity: 69 kJ/m2K

Commercial use only with Plus-, PDF- or Profi-Option (from 2.99 € / month plus VAT).

-ubakus

Lerjord - Ventileret lag - Treefiber - Diffutherm - Lerboard, U=0,17 W/(m?2K)

All statements without guarantee

Temperature profile

Temperature profile
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(1) Claytec Lehmbauplatte (20 mm)  (3) GUTEX Thermoflex (180 mm)
(2) UdiUNGER-DIFFUTHERM NF (60 mm)4) Rear ventilated level (50 mm)

(5) Stampflehm (390 mm)

Left:Temperature and dew-point temperature at the place marked in the right figure. The dew-point indicates the
temperature, at which water vapour condensates. As long as the temperature of the component is everywhere above the dew
point, no condensation occurs. If the curves have contact, condensation occurs at the corresponding position.

Right: The component, drawn to scale.

Layers (from inside to outside)

# Material A R Temperatur [°C] Weight
[W/mK] [m2K/W] min max [kg/m?]
Thermal contact resistance* 0,130 17,9 20,0
1 2 cm Claytec Lehmbauplatte 0,130 0,154 16,4 18,8 14,0
2 6 cm UdiUNGER-DIFFUTHERM NF 0,048 1,250 10,4 18,0 13,1
6 cm Spruce (5,3%) 0,130 0,462 10,3 16,7 1,4
3 18 cm GUTEX Thermoflex (Keymark zertifiziert) 0,038 4,737 -11,8 11,8 8,5
18 cm Spruce (5,3%) 0,130 1,385 -11,4 10,4 43
Thermal contact resistance* 0,130 -12,0 11,4
70 cm Whole component 5,796 899,3

*Thermal contact resistances according to DIN 6946 for the U-value calculation. Rsi=0,25 and Rse=0,04 according to DIN
4108-3 were used for moisture proofing and temperature profile.

Surface temperature inside (min / average / max):
Surface temperature outside (min / average / max):

17,9°C
-11,8°C

18,6°C
-11,8°C

18,8°C
-11,4°C

Commercial use only with Plus-, PDF- or Profi-Option (from 2.99 € / month plus VAT).



-ubakus
Ubraendt

Thermal protection
U = 0,20 w/(mk)

GEG 2020/23 Bestand*: U<0,24 W/(m?2K)

Moisture proofing
No condensate

excellent insufficient excellent

insufficient excellent

All statements without guarantee

Exterior wall
created on 5.6.2024

Heat protection

Temperature amplitude damping: >100
phase shift: non relevant
Thermal capacity inside: 269 kJ/m2K

insufficient

187
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45 1000

(1) Clay bricks 1500kg/m? (187 mm)
(2) Gutex Thermofibre (195 mm)

(3) Windpapier Ampack

Impact of each layer and comparison to reference values

(4) Rear ventilated level (38 mm)

(5) Spruce (45 mm)
(6) Vertical cladding (44 mm)

For the following figure, the thermal resistances of the individual layers were converted in millimeters insulation. The scale

refers to an insulation of thermal conductivity 0,040 W/mK.

Clay bricks 1500kg/m?3

Spruce, Gutex Thermofibre

0 20 40 60 80 100 120 140 160
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Inside air : 20,0°C/ 60%
Outside air: -12,0°C / 80% sd-value: 1,4 m

Surface temperature.: 18,3°C/-11,7°C

Equivalent
insulation thickness
(WLS 040)
180 200 220 240 260 280 300 320 340 360 380

Thickness: 50,9 cm
Weight: 319 kg/m?
Heat capacity: 300 kJ/m2K

mm

Commercial use only with Plus-, PDF- or Profi-Option (from 2.99 € / month plus VAT).
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Ubraendt, U=0,20 W/(m2K)

Temperature profile

Temperature profile
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(1) Clay bricks 1500kg/m? (187 mm)
(2) Gutex Thermofibre (195 mm)

0 100 200 300 400 500
Inside 0 [m.m]
utside

— Temperature
— Dew point

All statements without guarantee
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(3) Windpapier Ampack
(@) Rear ventilated level (38 mm)

1000

(5) Spruce (45 mm)
(&) Vertical cladding (44 mm)

Left:Temperature and dew-point temperature at the place marked in the right figure. The dew-point indicates the

temperature, at which water vapour condensates. As long as the temperature of the component is everywhere above the dew

point, no condensation occurs. If the curves have contact, condensation occurs at the corresponding position.

Right: The component, drawn to scale.

Layers (from inside to outside)

# Material A R Temperatur [°C] Weight
[W/mK] [m2K/W] min max [kg/m?]
Thermal contact resistance* 0,130 18,3 20,0
1 18,7 cm Clay bricks 1500kg/m3 0,660 0,283 159 18,5 280,5
2 19,5 cm Gutex Thermofibre 0,040 4,875 -11,8 16,8 6,5
19,5cm Spruce (4,3%) 0,130 1,500 -11,3 16,0 38
3 0,015cm Windpapier Ampack 0,170 0,001 -11,8 -11,3 0,1
Thermal contact resistance* 0,130 -12,0 -11,4
4 3,8 cm Rear ventilated level (outside air) -12,0 -12,0 0,0
5 4,5cm Spruce -12,0 -12,0 20,3
6 4,4 cm Vertical cladding (board on board) -12,0 -12,0 7,7
50,915 cm Whole component 5,011 3188

*Thermal contact resistances according to DIN 6946 for the U-value calculation. Rsi=0,25 and Rse=0,04 according to DIN
4108-3 were used for moisture proofing and temperature profile.

Surface temperature inside (min / average / max):
Surface temperature outside (min / average / max):

18,3°C
-11,8°C

18,4°C
-11,7°C

18,5°C
-11,4°C

Commercial use only with Plus-, PDF- or Profi-Option (from 2.99 € / month plus VAT).



Lerjord - et affaldsprodukt

Der deponeres 6 mio. tons jord arligt
(Miljostyrelsen)

Lerblandet sandjord (3)
Sandblandet lerjord (4)
Lerjord (5)

Sveer lerjord & siltjord (6)

DANSKE JORDTYPER
Soil types

Grovsandet jord.
Coarse Sandy Soil.

Finsandet jord.
Fine Sandy Soil.

Lartlandet ssndiord

P Svar lerjoed og sitjord.
Heavy Clayey Soll o Silty Sod
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Rystetest af jorden

Hoijt lerindhold ca. 25%

Rystes Efter nogle timer Dag 2







KORT 4 MAP 4

Pedologi

SON. MAP OF DENMARK ACCORDING TO THE FAD-UNESCO LEGEND
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Gleyudvikling

Glay

Udviklet under fx lavtliggende enge (om-
rade med lav hejde over havets overflade)
hvor grundvandsspejlet er hoijt.

Pseudoglay
Findes i lerjorde der er langsomt gennem-
treengelige for vand.
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Analyserekvisition «* eurofins

Jordanalyser

VEM Laboratoriet

Kontakt os pa telefon 98 21 32 00 |

| Vedlagges preverne og mailes til mab@eurofins.dk

Veniion 210622

Rekvirani:

Faktura stiles til

—_———

Firmanawn:

Adrossa:

Post nrtBy:

Kontaktperson:

Tedelon nr.:

Email;

Kopl af analyserappart:

Tilbuds fr,

|P'ran|.||l'llgh';

Sagsnr.:

EﬁHm.I

Udtagningsdate:

[

axeificaring af jordprower phfort analyserapporten:

BEK. 1452 {2045

O

Veledning Salland”

O

Smrlige bemarkningar:

1] Kassficering i, BEK 1453 3015, MET hsin over lmbistskrienar | reation B forarenst jord sami BER, BER 554 2070, Vegudning Gimilied krmver, ot held
cropakken af aahyienes 3 oy uden Torudglends stabe. Mavlsanakyser er iio mudigt for abe anatysar. Hasteanalyser kigsafiosnss kon, shfromt preveine
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Jordpaiken: Tofal kufbrinter, T PAHer og 6 fungrmatalier (Pb, Cd, G, Cu, A, 2

Antal praver | alt:

Lvvering pd & arbojdsdage k1, 16
(57D)

Lerwering pi 2 arbojdedage kK, 17
[ROIATO0)

Levaring pid 2 arbojdsdage kK, 17
(RKEITOT)

|Lovering pd 1 arbejdedag k. 177
[RE11700)

Lavering pd 1 arbejdsdag K, 12°
{Ri41200)
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Livsesing pi 1 arbejdedag ki, &7

Sosterselakal (STD)
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Lab prevenr:

Prevemaerke:

862-2024-
03024301

Prgve 1

Enhed DL.

Urel(%)

Torstof
DS/EN 15934:2012 A Gravimetrisk

91

% 1

Metaller
Bly (Pb)

9,2

EN/ISO 15587-2:2003, DS/EN 16170:2016 mod.

Beregning

Cadmium (Cd)

0,23

EN/ISO 15587-2:2003, DS/EN 16170:2016 mod.

Beregning

Chrom (Cr)

22

EN/ISO 15587-2:2003, DS/EN 16170:2016 mod.

Beregning

Kobber (Cu)

14

EN/ISO 15587-2:2003, DS/EN 16170:2016 mod.

Beregning

Nikkel (Ni)

20

EN/ISO 15587-2:2003, DS/EN 16170:2016 mod.

Beregning

Zink (Zn)

35

EN/ISO 15587-2:2003, DS/EN 16170:2016 mod.

Beregning

ma/kg ts. 1

mg/kg ts. 0,02

ma/kg ts. 1

mg/kg ts. 1

mg/kg ts. 0,5

mg/kg ts. 2

30

30

30

30

30

30

Kulbrinter
C6H6-C10
REFLAB metode 1:2010 v.2 GC-FID

C10-C15

REFLAB metode 1:2010 v.2 GC-FID

C15-C20

REFLAB metode 1:2010 v.2 GC-FID
C20-C35

REFLAB metode 1:2010 v.2 GC-FID

Sum (C10-C20)

REFLAB metode 1:2010 v.2 GC-FID

Sum (C6H6-C35)

REFLAB metode 1:2010 v.2 GC-FID

<2

<5

<5

<5

mg/kg ts. 2
mg/kg ts. 5
mg/kg ts. 5
mg/kg ts. 5
mg/kg ts.

mg/kg ts.

30

30

30

30

PAH-forbindelser

Fluoranthen
REFLAB metode 4: 2008 v.2 GC-MS

Benzo(b+j+k)fluoranthen
REFLAB metode 4: 2008 v.2 GC-MS

Benzo(a)pyren

REFLAB metode 4: 2008 v.2 GC-MS
Indeno(1,2,3-cd)pyren
REFLAB metode 4: 2008 v.2 GC-MS
Dibenz(a,h)anthracen
REFLAB metode 4: 2008 v.2 GC-MS

Sum af 7 PAH'er

REFLAB metode 4: 2008 v.2 GC-MS

<0,01
<0,01
<0,01
<0,01

<0,01

mg/kg ts. 0,01
mg/kg ts. 0,01
mg/kg ts. 0,01
mg/kg ts. 0,01
mg/kg ts. 0,01

mg/kg ts.

40

40

40

40

40

Klassificering iht. ”Jordplan

Sjaelland”
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Prover esultat BEK rir. 1452 + 554+ tilfjelses % | Trafikiysd _ e Prave 1
mnrh:nlni_ -
Parametor ¥ Enhsad
Toraiod %%

%{F"ﬁ] mgikg 15 BNAVN? | #NAVN? | ENAVN? | ENAVNT | #NAWNY
Torstof mium (G} mi.l'll.qi!- MMNAVRET WA AN T EMNANNT H_Mﬁ."ul'H"i'
%{m mgig 15 BNAVNT | SNAVN? | #NAVN? | SNAVN? | #NAWN?
ol (U] MEEH- ERAVRT EhLATN T AMNANNT EMNAVNT EhAVNT
Metaller Etm (N} mgikg 5. ANAVNT | WNAVNZ | #MAUN?T | #NAVNT | #NAVNY
ink {Zn} mgn'l-::q_- 15 EMNAVHT FhANTT mAVNT EMNANVNT BHNANTTY
PAH-Forbindelser gcm mgig 5 BNAVNT | WNAVNT | ANAUNT | BNAVN? | #NAVN?
10-C15 mgﬂnﬂh BMAVRTY HFRANT HNAVNT SMNAVRNT HNAVET
1520 mgikg 15 ANAVN? | WNAVNT | @NAVN? | @NAVN? | #NAVNT
20-C35 kg ts BNAVNT | #NAVN? | BNAVN? | BNAVNT | ENAVNY
(C10-C20 migkg 5. BNAVNT FHAVNT BHAVH? BNAVNT HHAVET?
Sum (CEHE-C35) mgikg 15 #NAVNY BNAVN? | SNAVN? | SNAVN? | #NAVND

lisoranthsan mﬂ 15, H_Mh"-""‘i" WAV EREAVNT EMNAVNT RNAVMT < 1001
anzo(b+j#k iuoranthen mg/kg ts HNAVN? | ®NAVN? | #MAVN? | @NAVN? | #NAVND
mmtt. MMNAVRET FRANVNT RAVNT HRNAVNT ENAVNT
kg 15 #NAVNT | #NAVN? | #NAVN? | #NAVNT | #NAVNY
mgikg 15 BNAVNT | ANAVN? | SNAVN? | ENAVNT | ENAVNT
I'-ﬂg.l'll:l;t I5. #MHANNT? FRAVNT AN T BMNAVNT FHANT

side 1af 3 EUAASS-0124030243-01 (1).xlsm 10-06-2024
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Produktion

At lose en indvendig baerende
hjornekonstruktion, med stam-
pet lerjord i kombination med
u-braendte lersten.
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Algangspiojekd
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