Thermal performance

calculator according to the ISO 13786

kJ:=10" «J
Assembly characteristics:
Layerl - Layer?2 -
Clay based plaster Hempcrete
Width dl:=0.01+m d2:=0.01+m
: . _ J
Specific heat capacity c¢/:=880 kg—K c2:=1600- J
kg-K
Density ._ kg
p]—1800 —— p2::300.k_g
m 3
m
Thermal conductivity 11:=0.8. W e 0.07 W
m+K A —
m+K
2
Interior layer thermal resistance Rsi ::L- m_ K
87 W
Exterior layer thermal resistance Rse::i- m’ K
23 W
Temperature oscillation time
Time:=24+60+60+ sec u value:= ! —3.187

Penetration depth

51:=4 |2 TmE 0118 m
meplecl

Rsi+ﬂ+£+Rse
Al A2

52:=4 222 T1MC —0063 m
mep2ec2




Dimensionless penetration depth
¢1:=4L —0.085 &2:=9 _0.158
ol 02

Thermal transmittance matrix component

Layerl

zI1:=cosh(&1)«cos(&1) 41/ —1 +sinh (&1) -sin (&) =140.007i
z22:=z11=140.0071

z[2:= ;i]] . <sinh(é’]) -cos(&1) +cosh (&) +sin(¢1) + \/—_1 (cosh(¢&1)+sin(&1) —sinh (E1) - cos (é’]))> = (—0.012—31- 10_5> mZVI;K
221 ::‘5_111- <sinh(§]) «cos (&1) —cosh (¢7) «sin (1) +4/—1 « (cosh (&7) -sin (¢7) +sinh (¢1) -cos(él))) =(0.003 —1.152i) mZVIfK

Layer?2
z11 2:=cosh(&2)+cos(£2) 44/ —1 +sinh (£2) -sin(£2) =1 +0.025i

222 2:=zI11 2=1+0.025i

m? K

zI2 2:= 2_5/122 . <sinh (£2) - cos (£2) +cosh (£2) - sin (¢2) +v/—1 - (cosh (¢2) - sin (£2) —sinh (£2) - cos (52))) =(—0.143—0.001i)

z21 2 ::%- <sinh (£2)-cos (¢2) —cosh (&2) -sin (£2) +4/—1 - (cosh (&£2) - sin (£2) + sinh (£2) - cos (52))) =(0.003 —0.349i) 2”?1(




Construction thermal transmittance matrix

Layerl Layer2
: [ W
211 210 /4 zIll 2 z12 2. o
_ m2 K 7=
Zl=| m’ K
mW;K‘Zﬂ 220 ez21 2 z22 2

1+0.0361 —0.155—-0.0031
0.037—1.5011  0.998+40.1971

Z:=/172=

Boundary layer thermal transmittance matrix

I —Rsie I —Rse-
Zs2:= m’ K Zsl:= m* <K

0 1 0 1

Construction thermal transmittance matrix from environment to environment

Jeoie 7527 7] — [O.995+0.209i —0.313—0.0341]

0.037—1.5011  0.996+0.2621

Decrement factor

Im( 1 )
Zee
0,1

u_value

w
m’ K

=0.108

fi=




Internal area heat capacity, kJ/m2K

zee, =1 oan J
Klem|— L [ 230 W (4 43.10°%)
Zeeo | 2071'om2 K ]n2 K
zee 0 agen J
j2em |0 |, 24k W (g 15.10%)
Zeeo 1 | 2.7'[-m2 K n/l2 K
Periodic thermal transmittance, W/m2K:
Y12::|Im I i W 0345 W
| Zee0 | m’ K m’ K

Time shift periodic thermal transmittance, /r:

atan2 | Re ! ,Im ! 24« hr
Zeeo 1 Zeeo 1
At fi= ’ : —12<hr=—-0.416 hr
2.7
Time shift internal side, Ar:
Zee1 1 Zee1 |
atan2 |Re|—1- ~|,Im|—1 ~||-24+hr
Zee ee
0,1 0,1
Aint:= =0.566 hr




Internal thermal admittance, W/m2K: External thermal admittance, W/m2K:

¥22:=|—1e— "o W 3068 W yppn |0 W _30p7 W

Zee m* K m* K Zee m* K m? K

Timeshift external side, Ar:

Zee Zee
0,0 0,0

atan2|Re|—1- 24 < hr

Aext:= i i =0.375 hr

Algorithmisation of multilayered assembly calculation



d1=0.01 m d2=0.01 m

n:=100
Internal:=||foriel..n
dl «—0.1+i+dl

d2 —0.5+i-d2

u value «— 1
- i dl  d?

Rsi+—i+—l—|—Rse
Al A2

dl

i

] —
é:i ol

d2
&2 ——
i 02

z11 < cosh f]l_ «COS 51[ +\ —1-sinh fli . Sin f]l_
)T

zl 21_ — % . (Sinh (é‘] i) < COS (f] l_) ~+cosh (é‘] l_) Sin (f[ l_) + \/—_1 . (cosh (é‘] l_) sin (f] i) —sinh (é‘] l_) s COS (é’] l)))
z21 R _5—}}] (Sinh (é] i) «COS (f] i) —cosh (é‘] i) «Sin (51 i) + \/—_1 . (cosh (f] i) «Sin (él i) +sinh (é‘] i) «COS (é‘] 1)))
zI11 —21' «—cosh (é’Zi) «COS <§2l_) +\ —1 sinh <§2i> . Sin (521_)

z22 2 «—zII1 2

212 2 %- (sinh (521-) +cos (52,) +cosh (gzi) «sin (Q) /=1 (cosh (52,) «sin (52,-) _sink (52,) « cos (521)))

—12 7 . . . . . . . . — . . . . . . . . N\




z21 _2i — 5; . (Sinh (§2i> . COS (fZi) —cosh (§2i) . sin (fZi) +4/-1- (cosh (§2i> . sin (fZi) +sinh (é‘Zi) . COS (621')))

a1 oz
| i m? K
{ m* <K

z21] z22

i w i

Z1 «—

212 z22.. W
' " m* K

222 2

Z2 — 5
221 2. K
W

Z 71722

Zee «—1s2+Z «Zsl

w
m?> K

f—||ifu_value <0.25-

1

Adl >0-mAd2 >0-mAdl +d2 <0.6+m

1

(Zee )
o1

u_value

1

Im

else
0

/4

m- K

kl — || if u_value <0.25.

1

(Zee_) —1
I1 . 24-3600

(Zee.) 271000
0,1

ANdl #F0emAd2 #0-mAdl +d2 <0.6-m

~T1. -



else

Jo

Internal — augment (f

Internal

Internal=?




