BUILDING PHYSICS

Linear heat transmission
(thermal bridges)

Thermal capacity
Part 2

Asst. Prof. Dr. Norbert Harmathy
Budapest University of Technology and Economics

Department of Building Energetics and Building Service Engineering



Thermal Bridges
Linear Heat Loss Coefficient

To simplify the calculation of the extra heat losses due to the thermal bridge
effect, the concept of linear heat loss coefficient was implemented. This refers to
the extra heat losses along a unit length of a thermal bridge, at a unit

temperature difference and in a unit time. ¥ [PSI] is measured in [W/mK],

where L is the length of the edge (corner, joint, column, window perimeter).
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Note that the extra heat losses due to the thermal bridge effect are in general
20~50% of the losses calculated on one dimensional basis.



Thermal Bridges
Linear Heat Loss Coefficient
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Linear Heat Loss Coefficient
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Linear Heat Loss Coefficient
typical values

Description ¥ (W/mK)
Window perimeter 0.15
Window perimeter if the frame is in the plane of the thermal insulation 0.00
Outer corner of homogeneous wall 0.10
Outer corner of wall with external insulation 0.15
External wall with internal insulation 0.00
Joint of homogeneous external wall and internal wall (both edges counted) 0.12
Joint of external wall with external insulation and internal wall 0.06

(both edges counted)

Joint of homogeneous external wall and floor slab with insulated strip 0.15
(booth edges counted)

Joint of external wall with external insulation and floor slab (both edges counted) 0.06
Parapet wall, cornice 0.20

Balconies 0.30



200

Thermal Bridges

Calculation of equivalent U-value
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Exercise:

(A): Calculate the equivalent U-value of the
enclosed wall section including additional heat

loss due to thermal bridges. The wall is at one

0.25

0.15

0.15

of the intermediate floors. It has a wall corner,
partition wall, and balcony. The wall is insulated
and its U-value without thermal bridges is
0,65W/m?2K.

Linear losses are insulated corner
(W=0.15W/mK), insulated ,T” (W=0.03W/mK)
window perimeter (W=0.15W/mK), joint of wall
and floor slab: (W=0.03W/mK), balcony
(W=0.25W/mK)

(B): Calculate the total heat loss of a wall
[W/K] at 1°C temperature difference if the U-
value of the window is 3.0W/m?2K
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Thermal Bridges

Calculation of equivalent U-value
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Total surface: A=5-2.65=13.25m?2
Window surface:
A,=2:0.75-1.5+1.5-2.4m=
2.25+3.6=5.85m?2

Surface of the brick wall:
A,.=A-Aw=13.25-5.85=7.4m2

YW=

0.15 -(3 +1.5+1.5+2 -:0.75+2 -0.9) =1.395W/K window
0.15 -2.65 =0.398W/K corner
0.25 - (3+3) =1.500W/K balcony
0.03 - (2+2) =0.120W/K ring beam
0.03 - 2.65 =0.080W/K partition
Sum: =3.493W/K

Ue=U _+>W:I/A,,=0.65 +
3.493/7.4=1.122W/m?K

Q= SU-A+SW- =U, A, + U, A, +W-| =
=0.65-7.4+3 -5.85+3.493=25.853W/K



Wall corner simulation result
without and with 5cm external XPS insulation

COLD wall

[=Cl
20.9
19.a@
i8.8@
17.@
16.8@
15.8@
i14.@
12.@
iz.@
i1.a@
16.8
9.8
8.8
7.8
6.8
5.8
4.8
3.8
2.8
i.8
a.a
-1.a
-2.8

WARM wall

[*C1
28.0
12.8
1.8
17.8
16.8
15.8
i14.8@
1z.8
iz.8
11.8
i8.08
9.8

8.8

6.0
5.8
4.0
3.8
2.8
1.8
a.a
-1.8
-z.8

Layer order: 30cm brick; 1,5cm gypsum plaster
Kgs0= 0.64 W/mK
kplosferz 0.34 W/mK

Y=0.15 W/mK

te (fe=-2°C)=10.7°C

t(te=-2°C)= 14.2°C

Heat loss of one meter : 62.4w/m

Layer order: 5cm XPS inst.; 30cm brick; 1,5cm
gypsum plaster

Kyps= 0.054 W/mK

Kgzo= 0.64 W/mK

Kojaster= 0.34 W/mK

Y=0.19 W/mK

te (1.=-2°C)=14.8°C

tw (fe=-2°C)= 17.3°C

Heat loss of one meter : 30.5w/m




Thermal Bridges

Reinforced concrete floor slab(25cm), Porotherm NF30

Group: MIEEB_A - Detail: SBDOAGE
r.20-81

INPUT DATA
Material H/mK
Bl rmortar 108 9.908
EEl wrickwork 1888 @.29a@
Ef nrickwork loo@ 8.29@
B oursum 1800 @.358
B ogupsum 1000 @.338
B rfloor tiles 1.088
Bl concrete 2488 1.888
Bl concrete 2488 1.888
- reinf concrete 2.20800
[2:0] reinf concrete 2.2808
- reinf concrete 2.2808
- reinf concrete 2.2808
Environment *C H/m2ZK  Hem2
a: outside -2.8 25.8 6.4
b: inside z28.8 5.8 8.0
H-size = 1.33 m
U-=zize = 2.38 nm

W =0.90 W/mK

LeCl
2.0
192.08
ig.0@
17.8
1.0
15.8
14.0
13.8
12.08
i1.08
18.08
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M1EB A - Detail:

v.28-81

Thermal Bridges
Reinforced concrete floor slab(25cm), Porotherm NF30

INPUT DAThA

Material
mortar 1800
brickwork 1080
brickwork 18680
gypsum 1080
gypsum 1800808
floor tiles
concyrete 2468008
concrete 24008
expanded PS5 13
reinf concrete
reinf concrete
reinf concrete

HA mK
a.9806
a.2%208
a.228
8.3508
@.358
1.080
1.8808
1.880
8.854
Z.280
Z.280
Z.280

Environment C HASm2H
outside 2.8 25.08
inside 28.08 5.8
H-size = 1. "
U-size = 8 m

W = 0.47 W/mK ((W-W,)/¥0=47%)

[2C]
2Z8.8
19.8
i1g8.8
17.8
16.8
15.8
14.8
13.8
12.8
11.8@
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Thermal Bridges
Reinforced concrete floor slab(25cm), Porotherm NF30

Group: _1 - Detail: _1_@6 INPUT DATA Lecl
¥.48-86

Material H/mK

reinf concrete
reinf concrete

.8
T T T T [ T T T T ] T T 7] - expanded PE 135 d.848 19.@
Efl brickwork 1000 8. :
Ef brickwork 1088 8. 18.@
ﬁg gypsum 18808 a. 17.@
i gypsum 18808 a. -
B rloor tiles 1. 16.0
v concrete 2480 1. 15.@
Bl e=xpanded PS 15 8.
B cxpandea Ps 15 e. 14.0
= reinf concrete E 13.@
= 2.
= 2. -a
.8
a

i@.
9.8
2.8
l?.B
6.8

“C H/mZK H/m2
-2.8 25.8 a.8 3.0
Z8.8 5.8 a.8 a.@
3.8
| I T S T S [ 2.8
1.8

| | | | |

||||||||||||l.5|||2.‘|| e.a
-1.0@
—2.8

5cm exp. polAnsulation at the face of fhe
reinforced concrete slab. ¥=0.47 W/ mK




Place of the window frame (P. NF30)

Group: MICA_A - Detail: LEBZOAL1 INPUT DATA
p-asmeL Material U mK KOBRA RESULTS

EE 19ht mortar 5688 ©@.340
BE gupsum 10080 @._350 B B
Bl ceil concr ce@  0.180 Rsi = @8.280 mZzEK:H hi = 3.8 H/'mZHK
Eg rolyurethane a.8z7
B wood cEBE-200 9.160 ai = 26.8 *C Sa = B.a@ °c
EE wood panel 608 @.160 " "

CONDENSATION RISK EVALUATION

Belgium: use hi = 3 H/mzH

K: f{8.28 - 8.v4 o = 14.8 *=C
OK ! low »isk (CTBE>

O £F{@.28 - B.74 & =- 14.8 *=C

B Envivonment °C W/MZK W/m2 OK ! low risk (C70)
| a: outside 8.8 25.8 8.8
e A we e - b! inside 2.0 5.0 0.8
H-size = 1 m

U-size = B.32 nm

LeC1

HEAT LOS%Ss EUVALUATION

9.0 use hi = 8 H/mEiK for hest accuracy

ﬁj UH—wvalues [KH ' mZzK]

oo A-B: @.52 C-D: 1.16

14.0 Total heat loss QCBE-D =12.68 H/ 'm

oo Coupling coefficient Lie= 8.6 HW/mK

ro e psi-e = Lie — UCAB)®BQ - U(CD)*QD

”.0 = 8.85 H/mE negligibkle (Cl132
l:ﬁ: psi—i = Lie — UCABY®AR — UCCDI%KC

:j = B8.80 HmMK negligikle (Cl12
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[
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Place of the window frame (P. NF30)

Group: MICA_A — Detail: LBE1BA1 IMFUT DATA

¥.85-082

Material H/mK
El 15ht wortar 808 2 ©.340
B gupsum 1000 @.3508
B cell concr GB@ @.180
&g polyure thane a.827
B wood cEE-2E0 @.160
EHl wood panel co8 8.160

G HYm2K  H/m2

Environment
a! outside 8.8 25.8 8.0
8 h: inside 20.0 5.8 0.0

KOBRA RESULTS

Rsi = B.280 mzKAH hi = 3.8 H/'mZRK
21 = Z280.8 °*C e 8.8 *C

U-cize = B.32 m

[*C1

28.8
19.
1&.
17.
16

15.
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CONDENSATION RIEK EVALUATIOHN

Belgium: use hi = 3 H/mZHK

K: £f{@.28> - 8.79 e - 15.8 °*C
OK ! low »isk (CT53

O: £{(@.28> = B8.77 & = 15.4 °C
OK ! low x»isk (CT52

HEAT LOESE EVALUATION

use hi = B8 H/mZK for bhest accuracy

U-values [HmZzHK]

aA—B: @.52 C-D: 1.16

Total heat loss Q{B-D» =12.86 H/'m

Coupling coefficient Lie= @B.6 H/ mHK

psi—-e = Lie — U{AB=BQ — UL{CD>»=PD

B.82 H/'mE negligikle {(C13

psi—-i = Lie — UCAB> AR — UCCDI»*KC
= B8.82 H/mKE negligible {(C13




Place of the window frame (P. NF30)

KEOBRA RESULTS

R=i = 8.20 miK"’H hi = 5.8 H/'mZK
21 = 28.8 °C e 4.8 *C

Group: MICA_A - Detail: LBBEBBAL INPUT DAaThA
p.@5-04 Material H/mK
El 191t wortar 860 ©.340
Hl cell concr 688 @.18@8
B osupsum 1000 @.350
QS& rolyurethane a.8z27
H wood c00-8300 @.16@
T T T T T T T
! ! ! : ! ! ! Environment °C W/m2K  H/m2
| | | | | a: outside 8.8 25.0 8.8
L L L L oL
a 8.2 B.4a 8.6 B.8 m b: inside Z8.8 5.8 8.8
H-size = 1 n
U-size = B.22 n
Leci
28.8
19.8

L
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CONDENSATION RISK EVALUATION

Belgium: use hi = 3 H/mZHK

K: £f{@.28 - @8.81 e = 16.2 =
OK ! minimal r»isk (CEBB>

O £F{(B@.28 = @8.78 e = 15.6 *C
OK ©: low »xrisk (CT3)

HEAT LOSS EVALUATION
use hi = 8 H'mZK for bhest accuracy
U-values [H/ 'mZK]
A—-B: B.532 C-D: 1.16
Total heat loss QL{B-DY = 12.8 H/'m
Coupling coefficient Lie= 8.6 H/ 'mK
rsi—-e = Lie — U{AB»=BQ - U{CD>=DPF
= B.86 HmKE negligikle {(C13
rsi—-i = Lie - U{AB>»®AK — U{(CD>=CHK
B.86 H/'mE negligikle (C1)




Ground losses
Heat flow paths to the ground

P

Ground and footing losses are
calculated with linear heat transfer
coefficients too, along the
perimeter of the building.

Q\P = | ><‘{I(J[i _te)

The total heat loss of a floor is:

ground and floor loss
+

thermal bridge loss



Qy =1x¥(t -t,)

Ground losses
Heat flow paths to the ground

Elevation difference

Thermal resistance of floor

relative to the external | (considere area 1,5m from R=> — (m°K/W)
ground level the external wall)
Z (m) . Non 0,20- 0,40- 0,60- 0,80- 1,05- 1,55-
insulated | -0,35 | -0,55 -0,75 -1,00 -1,50 -2,00
-6,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
-6,00...-4,05 0,20 0,20 0,15 0,15 0,15 0,15 0,15
-4,00...-2,55 0,40 0,40 0,35 0,35 0,35 0,35 0,30
-2,50...-1,85 0,60 0,55 0,55 0,50 0,50 0,50 0,45
-1,80...-1,25 0,80 0,70 0,70 0,65 0,60 0,60 0,55
-1,20...-0,75 1,00 0,90 0,85 0,80 0,75 0,70 0,65
-0,70...-0,45 1,20 1,05 1,00 0,95 0,90 0,80 0,75
-0,40...-0,25 1,40 1,20 1,10 1,05 1,00 0,90 0,80
-0,20...+0,20 1,75 1,45 1,35 1,25 1,15 1,05 0,95
0,25....0,40 2,10 1,70 1,55 1,45 1,30 1,20 1,05
0,45....1,00 2,35 1,90 1,70 1,55 1,45 1,30 1,15
1,05....1,50 2,55 2,05 1,85 1,70 1,55 1,40 1,25




Ground losses
Heat flow paths to the ground — example 1

Group: MIDE_A - Detail: LBATAHA IMPUT DATA
- L1 ]
p.13-061 Material W/ mK LeC]
- sand or gravel 2.988
E sand or gravel 2. 008 Z2@3.8
= sand or gravel 2. 888
Bl concrete 2480 1.808 19.@
(7] reinf concrete 2.288 "
Bl wood coe-see 2.160@
Bl mortar 1808 2.90@ 18.8@
Bl cell concr 600 @8.180@
[ ] cell concr 600 @.18@ 1? E
Bl cecll concr 6008 @.188 -
B filoor tiles 1.9680
[l 1ight conc 1688 @.51@ 16.08
Bl 1ight conc 12868 ©.418
2] reinf concrete 2.288 15 . E
14.08
13.8
Environment *C H/m2ZKE MW m2
a! outside 8.8 25.@ a.a
h: inside Z@.8 3.8 a.e 12'9
c: soil i1@.a 99.8 a.e
H-size = 2.34 m 11-B
U-size = 3.3 m
18.08

KOBRA RESULIS

9.8

L L L L L | L L L L | Rsi = B.280 mZiKsH hi = 5.8 H/m2K
9i=28°*C Se= @°*C es=18°C

8.8

COMDENSATION RISK EVALUATION

Belgium: use hi = 5 H/mZK

K: f(@.28) = 8.71 & = 14.1 *C
OK ! low risk (C7@)

O f(@.28) = B8.71 © = 14.1 *°C
OK ! low risk (C7@)

7.8
6.8

5.8

HEAT LOSS EVALUATION
use hi = 8 H/mZK for bhest accuracy
U-values L[H/mZK]

A-B: 1.1¢ C-D: Z.28
Total heat loss Q(B-D> = 22.8% H/m
Coupling coefficient Lie= 1.1 H/mHK

4.8
2.8

2.8

evaluation: of. next detail

1.8




Group: MIDC_A - Detail: LBASAHA
p.15-81

Ground losses
Heat flow paths to the ground — example 2

INFUT DATAH

Material H/ "mK
- sand or gravel 2.888
(] sand or gravel 2 .888
= szand or gravel Z.88a8
Bl concrete z4e@ 1.808
= reinf concrete 2.288
B 19nt wortar 808  @.240
Bl cell concr 6080 @.188
HE cell concr 688 @.188
Bl cell coner cBG @.188
Bl cell concr 688 @.18@
B cc11 coner e @.18a@
[ stone +-z008 3.5088
[ stone +-3088 3.588
Bl cell coner cBG @.188
B gupsum 1006 @.35@
E floor tiles 1.0606
H 1ight conc 1608 @.51@
Bl 1ight conc 12808 @.418
23] reinf concrete 2.288
Environment *C H/'mEK  Hom2
I outside 8.8 25.8 8.8
b: inside 20.8 5.8 8.0
c: soil 18.8 99.8 8.0

H-size = 2.29 n
U-size 1.693 m

KOBRA RESULTS

Rsi = B.28 mzKsH hi = 5.8 H/mZHK
9i=280°C Se= @°C Gs=1@°C

CONDENSATION RISK EVALUATION

Belgium: use hi = 7 H/mZK

K: £f{(90.26> - @8.79 & = 15.8 °C
OK : low »risk (G732

0 f(@.28> = 8.79 & = 15.8 *C
OK : low »risk (C732

HEAT LOSS EUVALUATIOMN
use hi = 8 HmZK for hest accuracy
U-values L[H mZK]

A-B: B.32 C-D: 2.208
Total heat loss Q{(BE-D> = 2Z&6.9 H/Mm
Coupling coefficient Lie= 1.3 H/mK

evaluation: of. next detail

B

CL*C1
20.
19.
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17.
16.
15.
14.
13.
12.

11.
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B k= M W & &t =] 0
& & L & & & 8 3 & @



Heat Storage capacity
Temperature Distribution and place of the insulation

Heat storage is USED Heat storage is NOT USED

ti




Heat Storage capacity
passive heating — effeciency of direct solar gain
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Heat Storage capacity
Definition of a Thermal mass

The change of the stored heat is proportionate to the change of the temperature, the
mass and the specific heat:

AQ =m-C-At [kgl*[J/(kg*K)] * [K] = []]

thus a body of bigger mass and/or higher specific heat accumulates or releases the given
amount of energy with less temperature change:

At = A

m-C

Specific heat of the majority of building materials: C = 0,85-0,95 k]/kgK

An important exception is the wood, its specific heat is 1,7-3,0 kl/kgK.

The mass of the building elements around a room is considerable.

In general the partitions have more important role, partly due to the big mass of floor
slabs, partly due to the fact, that they absorb and release energy on both surfaces from
and to the adjacent rooms.



Heat Storage capacity
Calculation of a heat storage capacity (classical way)

According to another convention the active depth is measured in thermal
resistance. For a 24 h period the active depth is

R=0.15m°K /W

The heat storage capacity of any heavy floor slab can be "cut away" from the
room if carpets, suspended ceilings are applied. Insulate the thermal mass!

In many cases major part of the heat storage capacity of massive walls and floors
is inactive, due to the limited depth of heat flow penetration.

According to the previous rule the thickness of the active zone is
d. =kR =k 0.15

Where k; is the conduction coefficient of a building material. The specific thermal
mass for 1 m? building element is:

m, =d;p



Heat Storage capacity
Effective thickness according to the EU directive
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e The concept of the "active thermal mass" has been implemented in order to simplify
the design process.

e When calculating the active thermal mass, the depth of the penetration of the heat
flow, i.e. the thickness, where considerable temperature swings are accompanied
with charging and discharging of heat, has to be determined.

e This thickness depends on the period: the longer the period is, the thicker the layer
is. Usually the 24 hour period is considered. The depth of penetration can be
calculated in an accurate way.



Heat Storage capacity
Thermal mass of a room

Thermal mass of a room is the sum of the specific thermal mass of the elements
around the room, each multiplied by the area of the element.

I\/Iroom:Z:Ivli :Zmi Ai

Room section




