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Introduction Background

» Timber as a building material

http://www.traguiden.se

http:/Awww.lindab.com

COST E53 WG2 Riga - 2007

COST E53 WG2 Riga - 2007



Timber quality? Timber quality?
Right quality, wrong quality
High quality, low quality
Product quality

Quality awareness

All diffuse terms
if they are not related to anything

COST E53 WG2 Riga - 2007 COST E53 WG2 Riga - 2007




ISO defines quality as

“All the properties and
characteristics of a product
which enable it to fulfil
explicit or implicit
requirements”
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What are the right properties?
By “quality”, sawmill industries mean:

raw material with no knots,
high density,
even annual ring width,

small taper and so on
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Timber quality for builders

« Load bearing Timber quality for builders

—straight and stress graded means:
* Non-load bearing

—straight , knot-free joinery
» Boards, facade timber

—straight , durable, can be painted
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Drying quality defined by the
producers

Moisture content (MC)
different classes in terms of target MC
and permissible deviations

Absence of case hardening

Absence of checking
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The moisture content itself is not Modes of distortion

important for the builder (user)

A change in moisture content could Twist
cause distortion
Too high moisture content could Spring
lead to mould or rot
Too low moisture content could cause Bow

timber to be more difficult to nall
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How to determine minimum accepted values? Typical timber products:

Methodology to obtain requirements
* From the requirements set for a building element; A , =
Stud in a partition wall
geometry of a wall, for example, I
« From requirements set for the effective Load-bearing stud
. o . . in external wall
workmanship of buildings; visual grading by |
carpenters during production, for example,

o~ |
* From methods and techniques used for production —] i




Wall studs — height 2.5 m

Requirements for wall inclination < 6 mm
and curvature of the wall (vertical) <8 mm

Spring <4 mm

Joining boards to studs: bow <6 mm

Sideways deflection < 2 mm

Twist < 5 mm
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Results of visual grading of studs
Grading criterion: usable and not usable

9-15 studs with different levels of
twist, bow and spring were used
37 different building sites were visited

1,736 assessments were made

Maximum acceptance values for:

twist < 5mm, spring < 4mm and bow < 6mm

Acceptance levels based on no. accepted studs were:
40% in Sweden and 37% in Germany
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Example —wall stud (50 x 100 mm) Example — floor beam (50 x 220 mm)

Vibration criterion decisive

Timber (strength) 18 MPa
* MOE 8 GPa I Wall stud =>High stiffness Floor beam

Moisture content  15% + 2% —MOE 12 GPa

. i — Strength 18 MPa
* Twist max 4% of width/2.5m long (3.8 mm) . Moisture content 15% + 206
* Spring max 4 mm o Twist max 2% of width/2m length (4.4 mm)
* Bow max 6 mm * Spring max 5 mm/2 m
* Bow max 10 mm/total length
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Proposed limits for distortion and MC

Timber use as:| Board 3m | Stud 2.5m | Beam4.2m
(facade) (wall) (floor)
Dimensions 22 x 100 50 x 100 50 x 200
[mm]

Bow [mm] 50 6 10
Spring [mm] 6 4 8
Twist [mm] 10 4 10

MC [%] 17% £ 2% | 15% + 2% | 15% + 2%
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How to solve the problem of distortion?

* What causes timber not to fulfil the

requirements for minimum distortion?

* How can we produce timber which fulfils
the requirements?

 What can be done?
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Twist 1<

» Twist is zero directly after sawing!

— Annular ring curvature r,
— Spiral grain angle q
—Tangential shrinkage strain S

MC
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— Moisture content

* The parameters which have the influence dre:

Twist at 8% MC [q
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: : : Twist for studs vs. MC
Twist vs. spiral grain angle I <—= _ .
for different percentiles
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Twist - analytical model
cf. Stevens and Johnston’s model
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Longitudinal variation
“green” and 18% MC, studs close to the pith Bow
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Bow and spring

» Bow and spring develop directly after sawing due to
residual stresses in the material

* Not possible to create a statistical model based on
material data with any accuracy

 Difference in the longitudinal shrinkage between tw
faces of the studs due to moisture changes explains
changes in spring or bow
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Analytical model difference
in the longitudinal shrinkage
between two faces of the studs

Bow Spring
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Variation in longitudinal shri

s

10 x 10 x 200
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Model — spring and bow Measurement of bow and spring
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How can we produce timber which
10.00 . .
fulfils the requirements?
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Properties which can be influenced in a forest Grain angle - radial variation
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Grain angle - radial variation
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How can we produce timber in a sawmill

which fulfils the requirements?

* Pre-twisting during sawing

* Pre-sorting of logs or timber

* Pre-twisting stack during drying
 Top loading during drying
 High-temperature drying

 Green gluing & re-engineering

¢ etc Straight
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Rotation sawing of small
diameter logs

Blue logs — standard rotation

Normal
sawing

Straight
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Rotation sawing —twist after drying
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Pre-sorting — large diameter logs
Maximum number of studs (50 x 100 mm)
More than 300 studs were obtained
Conventional drying at 55C

Placed in two packets in the middle of the
stack ]
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Straight
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Pre-sorting — large-diameter logs
Variation in spiral grain angle
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Pre-sorting — large-diameter logs
Variation in twist after drying
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Pre-sorting — percentage of accepted
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High temperature drying
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What happens to timber in a structure?

» Check the moisture variations

« Example: show the behaviour of timber built
in partition walls in a building exposed to
moisture changes

 Recommendations for the handling of timber
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Relative Humidity (RH) Behaviour of timber built in partition

nd N walls in a building exposed to moisture
naoors
w0 changes tests performed

N
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» Walls — double-sided cladding
— single-sided cladding

=
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Moisture content, MC[%]

=
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 Studs restrained from twisting

o

e Screw connections
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. - 0
(Hagentoft 2003) Relative humidity, RH[%]
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Prerequisite Partition wall

« Distortion, in particular twist, is reversible, Top plate

SN R

15— Bottom | |

— — plate

Stud i

cladding
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Walls- double-sided cladding
Walls - Results — twist
. 7
double-sided 6- - -
M 5 5 A —
cladding = ~
s 3 _
'_
o2
Set-up for wall tests (1) I
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Stud no
\D Free lRestrained\
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Walls- double-sided cladding
Results — twist

il BN “ull Bl B
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Deformation which can be influenced on the
building site

Double-sided cladding Single-sided cladding
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Results from the wall test

» Double-sided cladding:
—free twist restraint by 75%

« Single-sided cladding:
—free twist restraint only by 13%
—Spring is heavily increased!
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Construction methods
Building on site - mounting scenarios

1. Mounting studs and cladding on both sides at theame
time directly after the delivery of timber
MC not as demanding, straight enough to perform thgob
2. Mounting studs and cladding on one side first anthter
on the second side of the cladding

Not recommended. Rigorous requirements for conneains and
cladding. Right MC for the final structure.

3. Mounting studs or structure without cladding

Right MC for the final structure. Rigorous requirements for
straightness. Use timber less prone to distortion.
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Timber studs on concrete slab Construction methods
Building on site — under the roof

The same scenarios as before
Right MC as in the final structure,

but not as demanding requirements for
connections and cladding
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Important for timber producers Conclusions
. ' ' ' i ! . . .
Take more interest in how the timber will be used! The deformation of sawn timber during
» What production method is used by the and after the drying process is the most
contractor/builder? important reason for downgrading
» Try to suggest the “right” MC of timber for the . .
“r'yht" a gf_cat_on J Better interaction between the producers
[ icati . .
g _ PP _ _ of timber and building contractors
. ;:igfgrthe higher price by fewer problems for the Be prepared for much more rigorous

demands from end users
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