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Intensive training course

Fire and humidity control

- Fire safety
- Moisture performances
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Fire safety of wooden buildings

Fire testing and classification of fire safety has just
harmonised in EU. But, requirements are governed
by national legistlation.
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Fire safety of wooden buildings

Ostman Birgit, Fire Safety in timber buildings, Technical
guidelines for Europe, SP Technical Institute of Sweden, SE-114
86 Stockholm Sweden, SP Report 2010:19, ISBN 978-91-86319-
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Objective in fire safety 1.

1. Occupants shall be able to leave building or be rescued

2. The safety of the rescued team shall be taken into account

3. Load bearing structures shall resist fire for the required duratio
4. The generation and spread of fire and smoke shall be limited
5. The spread of fire to neighbouring buildings shall be limited
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Fire safety wooden buildings

Objective in fire safety

Safety of life (in national standards)
- Loss prevention
- Environmental protection
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Fire safety wooden buildings

Means to fulfilling fire safety objectives
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The use of fire safety consepts
Tabulated values from national building codes

Performance based codes and design tools
Fire risk assesment
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Performance based
codes and design
tools
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- Performance based codes and design tools
- Fire risk assesment

Active fire safety
- Fire detection and alarm

Passive fire safety
- Structural fire safety with
building elements, system
- fire compartments - Initial fire fighting
- Material fire class in building . - Water sprinklers
Evacuation safety .
element e amevim el o - Smoke extraction system
- Closing of smoke dampers

sen l3pi halkeamien, rakojen tai muiden aukkojen kautta. - Evacuation plans
- Maximum lengt of : : :
5 in ducts, closing firedoors

L]
evacuation path
Kantavat rakennusosat on mitoitettava ja toteutettava
iten, etta ne kestavit palonaikaiset k t. H :
B o - Multiple exits
- ]

Rakennusosan tulen vastakkaisella puolella lampatilat

Crmmmm— - Dimension of exits
- Alarm/guidanse system
'}/ - Door opens to escaping
Rbilob o J— direction
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Performance based codes and design tools
- Fire risk assesment

FIRE SCENARIOS
- What burns where & when
- Operation/operation failures of safety system
- How many people are threatened
- What is the percentage of children, elderly people, disabled

Think fire scenarios in your case building !
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Moisture control

Moisture sources:

Ground water
Building moisture
Rain water
Shower

Cooking

Drying clothes

Funded by the
Erasmus+ Programme
of the European Union

Viistosade |

koliman kostous |
Ry
» ‘

Sadeves

\. 5 \‘
P
Rakennuskosieus

Sisaiman kosteus ,f’.)
) el (Y 5%
Kaytivesi { ,\-};‘—-—I

|& asuminen R

[

Lt / 'L

’ ’ ’
o S ! 5 L .
D W W W— il

Rakennuskosieus

Kayttoves
Ja asumnen

Il

‘

Vesi- ja viemilri

kylpyhuonekakisteet

Y

—— e
| A
o
.
~

B
-

Sade- @ sulamisvedet

~
Tuiskulumni

ulkolman kosteus

Intensive training course

PUB-WOOD



Essential requirements for a

building moisture performance . -
(national)

Considering the internal and .  rdamsom L T;" M-S
external moisture stresses... e NS I'.JL:H‘?

... must not damage the building
or cause health hazard to the
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occupants.

The principal designer, building designer and special designer shall. in accordance with their
respective duties, design the building so that it meets the essential technical requirements for
moisture performance in accordance with its intended use. For alteration and repair work or
alteration of the intended use. the designer shall determine the building’s initial construction
method and moisture performance.

Considering the internal and external moisture stresses, the building, structures and building
elements must be functional in terms of their moisture performance through their planned tech-
nical service life. The building’s excessive moisture content or moisture accumulation in the
building’s parts or interior surfaces must not damage the building or cause health hazard to the
occupants.
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Moisture in museum

Stop time!
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Building physics

Bullding Physics ~
Heat, Air and Moisture

-design

Performance Based
. \ Building Design 1
- Standard requirements SholT

- Well known structures with
guidelines
- Demanding requirements
- Building physical analysis

Performance_Based
Building Design 2

om Timb Walle
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Phases of water and phase change
—————————————— S

sublimation

condensation freeze
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Water vapour in the air
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Water content in the air [g/m3]
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temperature [°C]

Amount of water vapour (water content g/m3) is dependent on air
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Water in the air

Therms
Relative humidity RH
water content of air %
partial pressure of water inair p
dew point T,
temperature
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Water in the air

Relative humidity

vV

RH =~ =+~

Vk Dk
: (kg |
water content of air % —3
. :kg:
saturation water content Vi —
L m- |
partial pressure of water inair p Pa]
saturation partial pressure waterinan Py Pa]
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* ot %

T (°C) 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

-20 1089  0.88 0.87 086 085 085 084 085 08 0.3

-19 | 097 096 095 094 094 093 092 091 090  0.89

A18 | 1.06 1.05  1.04 1.03  1.02  1.02  1.01 .00 0.99  0.98

-17 | 116 115 114 113 112 111 110 1.09 108  1.07

-16 | 127 126 1.25 124 123 1.22 120 1.9 118 117

-15 | 139 138  1.36  1.35 134 133 132  1.31 .29 1.28

-14 [ 152 1.50 149  1.48  1.46  1.45  1.44 1.43  1.41 1.40

-13 | 1.65 164 1.63  1.61 1.60 1.58 157 1.56  1.54 1.53

-12 | 1.80 179 177 176 174 173 171 1.70 1.68  1.67

11 1.97 195 193 192  1.90 1.88 1.87 185 184 1.82

-10 | 214 . 212 210 209 207 205 203 202 200 198

-9 | 233 231 220 227 225 223 291 220 218  2.16

-8 | 253 251 249 247 245 243 241 239 237 235

7| 275 273 271 269 266 264 262 260 2.58 258

6 [ 299 297 294 292 28 287 28 282 2.8 278

-5 | 325 322 320 317 314 312 3.09 307 304 302

Q -4 | 352 350 347 344 341  3.38 336  3.33 330 327
; -3 | 382 379 376 373 370 3.67 364 3.61 358  3.55
o 2 | 414 411 408 4.04 401 398 395 392 388 388
G -1 | 449 445 442 438 435 431 428 424 421 418
— -0 | 485 482 478  4.74 471  4.67 463 4.60 456 452
Q 0| 48 488 492 495 498 502 505 509 512 516
Q 1| 519 523 527 530 534 538 541 545 549 552
e 2| 55 560 564 568 572 575 579 583 587 501
O 3 595 599 603 6.07 6.12 616 620 624 628 632
i 4 | 637 641 645 . 650 6.54 6.58 6.63 6.67 6.71 676
5| 68 685 690 6.94 699 7.03 7.08 713 717 799

6 | 727 732 736 741 746 751 7.56 7.1  7.66  7.71

7| 776 781 786 791  7.96 802 8.07 812 817 823

8 | 828 833 839 844 850 855 861 866 872 877

9 | 883 889 894 9.00 9.06 911 917 923 920 935

10 [ 941 947 953 959 965 971 977 9.8 990 996

11 [ 10.02  10.09 1015 10.21 10.28 10.34 1041 10.47 10.54  10.60

12 [ 10.67 1074 1080 10.87 10.94 11.01 11.08 11.14 11.21 11.28

13 (1135 1142 1149 1157 11.64 11.71 11.78 11.85 11.93 12.00

14 [ 1207 1215 12.22 1230 12.37 1245 12.53 12.60 12.68 12.76

15 | 12.83 12,91 12,99 13.07 13.15 13.23 13.31 13.39 13.47 1355

15 [ 13.63 13.72 13.80 13.88 13.97 14.05 14.14 1422 1431 1439

17 [ 14.48  14.57 14.65 1474 14.83 14.92 15.01 1510 1519 1598

18 [ 1537 1546 15.55 15.64 15.74 15.83 15.92 16,02 1611 1621

19 [ 16.30  16.40 1650 16.59 16.69 16.79 16.89 16.99 17.09  17.19

20 | 17.28  17.39 1749 17.59 17.69 17.80 17.90 18.01 1811 18.22

21 | 1832 1843 1853 18.64 18.75 18.86 18.97 19.08 19.19 1930

22 | 1941 19.52  19.63 19.75 19.86 19.97 20.09 20.20 20.32 2044

23 | 2055 20.67 20.79 20.91 21.03 21.15 21.27 21.39 21.51 2163

24 | 21.75  21.88 22,00 22.13 22.25 22.38 22.50 22.63 2276  22.89

25 | 23.02 23.14 23.28 2341 23.54 23.67 23.80 23.94 2407 2420

28 12434 oa4e 2461 24.75 24.89 25.03 25.16 25.30 25.45 25.59

ok Funded by the 26.01 26.16 26.30 26.45 26.59 26.74 26.89 27.04
* 27.49  27.64 27.79 27.94 28.09 28.25 2840 2856

o Erasmus+ Programmezg.oa 29.19  29.34  20.50 29.66 29.83 29.99 3015
Sk of the European Unionso.éa  30.81 3098 3114 31.31 3148  31.65 31.82

Water in the air
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Water content in the air
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Can be presented in the two different unit

Vapour pressure p [Pa]

K
Vapour content c —‘93
m

vapour pressure can be changed to vapour content using ideal gas law

pV=n-R-T
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Ideal gas law

Moisture in the air p-V=n-R-T
where p is total pressure
Units V is volumetric
Vapour pressure p [Pa] R is universal gas constant 8,314
T is temperature
kg n is amound of moles
Vapour content v |—
m m
n=—
M,
where m is mass
M, is molemass of water 0,018%
J
: 8,314 « —2—
p=—1"" RT=v-2L_,. K'kmOl-T=v-463-—l _
Funded by the M, -V M, 0,018 - . K9 K '
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Moisture in material, hygroscopic moisture

W kg/m? W kg/m?
1.0 20
05 10 |

= %

0 50 100 RH% 0 50

100 RH%
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Moisture in material, capillary moisture

huokoinen materiaali

..... kapillaarinen
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Moisture,
outdoor and indoor air

Outdoor air
weather data

Indoor air
result of:
- outdoor weather data
- moisture sources
- ventilation
Fndedbytne  AIF conditioning
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Weather data

Average outdoor air temperatures in Finland

liman keskimaaraiset lampdtilat T, 1961...1990.(RIL 107-2000 Taulukko 1.5)
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Paikkakunta Kuukausi
| I I IV Vi VI VI 1X Xl Xl VUosI

Helsinki-Vantaa 69| -6.8] -29 2.9 99| 149| 16.6 15 10 5.4 0.1 -4.1 4.5
Turku 6] 62| -286 3 98] 146], 135 152 103 5.7 D6] -36 48
Tampere 8] -79] -36 2.4 95 146] 163 145 95 48 05 -53 3.9
Lappeenranta 94| -88] -38 2.3 98| 148/ 16.7| 148| 95| 42| -12| -6.2 3.6
Joensuu -11.6] -10.7] -54 0.7 83 142, 164 14 8.6 3.2 -2.7| -82 2.2
Jyvaskyla -10] 95| 47 1.3 87| 141 157 136 83 34 22| -T2 26
Vaasa -8l -78] -39 1.7 83| 13.7] 157 139 9.2 46| 09 55 34
Qulu -11.1] -104| -58 0.5 7.5 135 16] 13.7 8.4 3| -3.1] -8.2 2
Sodankyla -15.1] -136] -85 -21 5 116/ 141 112 59| 02| -T4] -13.1 -1
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Weather data

Average outdoor air relative humidities in Finland
liman keskimaardiset suhteelliset kosteudet ¢ [%] 1961...1990.(RIL 107-2000 Taulukko 1.3)
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Paikkakunta Kuukausi
I 1 I IV VI VI VI IX Xl Xl

Helsinki-Vantaa 88 86 82 74 65 66 72 78 84 86
Turku 89 87 82 75 66 64 1 (5 83 B6
Tampere 86 84 78 71 62 62 69 76 82 83
Lappeenranta 88 a7 82 73 64 65 70 78 84 87
Joensuu 87 85 82 73 64 65 f0 8 84 86
Jyvaskyla 88 87 81 73 B4 65 f0 80 85 87
Vaasa a8 87 84 77 69 67 73 79 84 87
Oulu 86 85 82 74 67 65 70 77 82 85
Sodankyla 85 B84 80 2 b6 65 6Y i 84 87

“PUB-WOOD




Weather data

Average outdoor air water content in Finland
liman keskimaaraiset vesihdyrynpitoisuudet v [g/ ms] 1961...1990. (RIL 107-2000 Taulukko 1.2)
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FPalkkakunta Kuukausi
I | 1 " VI Vil VI IX Xl Xl

Helsinki-Vantaa 245 241 3.16| 437 6.08| 842 102 10 7.9 6.01] 434 3.11
Turku 266 255 324 446| 6.13| 816 998 987 796 6.12| 449 3.28
Tampere 218 214 284 405 565 7.76] 958, 946| 747 557 411 276
Lappeenranta 1.98| 2.06| 3.18| 415 594| 824 995 989 7.85 561 4.01| 265
Joensuu 1.63| 1.72| 257 3.72 54| 794 977 941 722, 519 352 222
Jyvaskyla 1.88] 1.94 2.f| 387 563 f9 964, 942 717 532 3.71| 241
Vaasa 227 224 298 42| 582 794 977 948| 751 5.7/6| 407 2.78
Oulu 168 1.7/6] 249 3.71| 537 761 954 912 696 506| 333 2.19
Sodankyla 117 1.32| 194 296 449 6.76| 838 782 628 402 =~~~ **°
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Moisture content, indoor air

Equation of mixing

G

. — |
Vl Ve |
n-Vv
Vi water content, indoor air l%]
Ve water content, outdoor air l%]
G Moisture product l%]
. . 1
n ventilation rate lﬁ]
4 Volume of room or space [m3]

moisture source G moisture product

Bath 700 g/h
Shower 2 600 g/h
Cooking 600—1500 g/h
Avoin Vesipinapen surface of water 40 g/m?h
Kasvit, pienetSmall plants 7-15 g/h
Kasvit, keskikokois&edium plants 1020 g/h
Human, rest 40-50 g/h

Vaatteiden pesu ja kuivausyashing the clothes

100 T
2 90 |
=
:_§ 80 T
E 704
<
.qz) 60 -W
©
2 50 §
40 +—+——+——+——+—+—+——+————+——+————|
0 3 4 1 19199 23 3 7 1 15 19 23
Aika [h]
—— bathroom — Living room

Relative humidity
RH = — = =

Vk Pk
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Forms of moisture transfer

Water vapour
- Diffuusio
— - Moisture convection

Liquid water
>~ - Gravitational
_ - Capillary force
- Pressure difference
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Forms of moisture transfer

- diffuusio

'. o.o.'. :‘
R S g PP,
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Hygrothermal behaviour of building element

Calculation methods =T

Steady-state
RH distribution (constant in time) NN

|
A

|

% |

(glaser method) }Eg N :

{ |

Time dependent a4 ;\ RN |
Numerical methods HAM-methods 1 i
(Heat, air and moisture) Ay :

Softwares: DN _—L
WUFI, Delphin, COMSOL multiphysics
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Steady state hygrothermal calculation (Glaser method)

Steps

1 Calculation of temperatures distribution

2 Calculation of saturated vapour distribution
2 Calculation of water vapour distribution

3 Calculation of relative humidity distribution

Funded by the
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Moisture criteria for
wooden building

Risk assesment
Mold growth

Rot
- classification of wood
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Too warm for mold growth

Too dry for mold growth

Temperature

jL

T

N
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i . . Risk assesment
Moisture criteria for Mold growth

wooden building
Rot

- classification of wood

Temperature
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Design prosess

Moisture control statement of a construction project

- Moisture controll requirements
- Procedures and measures for verification
- Personnel in charge of moisture control

A party engaging in a construction project shall be responsible for preparing a moisture con-
trol statement for the construction project.

The construction project’s moisture control statement shall contain general construction pro-
ject information, moisture control requirements at different stages of the project. procedures and
measures for the verification of moisture control requirements and personnel in charge of mois-
ture control. The construction project’s moisture control statement shall also contain infor-
mation regarding the person responsible for moisture control of a construction project.
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Moisture in museum

Stop time!

Corrosion of metals

RH>55%

Moisture deformations of wood

With variation of relative humidity
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