
Moisture induced stressesMoisture induced stresses 
Discussion 

- what is its role on the occurred failures
- how to consider moisture induced stresses in practice 
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Influence of moisture on the failure modesInfluence of moisture on the failure modes

Likely
PossiblePossible
Yes, moisture stresses
Likely
Yes, moisture stresses
Yes
Possible
Yes
PossiblePossible
Possible

8



VTT TECHNICAL RESEARCH CENTRE OF FINLAND

H idit i tHumidity environments

100 20

i 2 i i 2

Sibelius hall Ice skating hall

60

70

80

90

12

14

16

18

RHulk

Halli 2: mittauspiste 2

80

100

%
]External

30

40

50

60

R
H

 [%
]

6

8

10

12

u 
[%

]

RHulk
RHsis
u(ulk)
u(sis)

tsis=20C

20

40

60

T 
[o C

], 
R

H
 [%

0

10

20

0 28 56 84 112 140 168 196 224 252 280 308 336 364
0

2

4

-20

0

11.01.98 02.09.99 05.20.99 08.28.99 12.06.99
 T

Internal

Aika [vrk]

Ref: Koponen, 2002 Ref: Kevarinmäki et al 2000

9

Ref: Koponen,  2002 Ref: Kevarinmäki et al., 2000



VTT TECHNICAL RESEARCH CENTRE OF FINLAND

Wetting Drying
MC         Stress MC         Stress

Wetting Drying

+

+
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Previous studies have shown:
- Wetting causes a decrease in tension strength perp to grain
- Drying does not cause strength losses

Duration of load effect is small- Duration of load effect is small

reference: Duration of load project 1992-1997, Jönsson[2003]
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Wetting:

Drying:
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Moisture induced mechanical effects: Classes 1, 2, 3, 4

Classification Conclusions from previous research

1. Restrained shrinkage is a problem in 
joint design and detailing

Co c us o s o p e ous esea c

M i t i d d t i ijoint design and detailing

2. Fast drying is a problem in areas 
with surface peak perp stresses 
(holes, notches)

• Moisture induced stresses is primary 
reason of failure

• Number of cycles or duration of load not 
important
St l i h i il t(holes, notches)

3. Long wetting is a problem where 
wood is under tension perp load 
(tapered beams)

• Stress analysis shows similar stress 
fields in successive cycles

( p )

4. Longitudinal stresses, continuous 
humidity cycles more important than 
single moisture changes.

• Strength is reduced in high humidities 
and still more reduced in cyclic 
humidities, duration of load is important

(beams, shear ?)
, p

13



VTT TECHNICAL RESEARCH CENTRE OF FINLAND

How to deal with moisture stresses

Moisture induced mechanical Proposal on how to treat in Codes
effects Classes 1, 2, 3, 4

1. Restrained shrinkage is a 
problem in joint design and 

Proposal on how to treat in Codes

For cases 1,2,3,4
Specific instructions on: 

a) Dowel max spacing perp to grain,ss p j g
detailing

2. Fast drying is a problem in 
areas with surface peak perp 
t (h l t h )

) p g p p g ,
b) Permissible wood moisture contents: initial,

during building and in-service 
c) Development of coatings

di
cu

la
r s

tre
s

stresses (holes, notches)

3. Long wetting is a problem 
where wood is under tension 
perp load (tapered beams)

For cases 2,3
Additional moisture load:

Ranta-Maunus proposed adding a moisture stress of σQ = 
0,25 MPa for uncoated and 0,1 MPa for coated wood 

P
er

pe
nd

perp load (tapered beams)

4. Continuous humidity cycles 
more important than single 
moisture changes

members.

For case 4
Apply the kmod factorl s

tre
ss

moisture changes.
(beams, shear ?)

pp y mod

QQQGG
fkψσσγσγ mod21 )( ≤++

Lo
ng

itu
di

na
l

14

M
QQQGG γmod21L


