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Abstract

Satidtical andyses are performed for materid drength parameters from approximately 6700 Speci-
mens of structura timber. Nonparametric datisticd andyss and fits to the following digtribution
types have been invesigated: Norma, Lognorma, 2 parameter Weibull and 3-parameter Weibull.
The datidica fits have generdly been made usng al daa (100%) and the lower tail (30%) of the
data The Maximum Likelihood Method and the Least Square Technique have been used to esti-
mate the datisticd parameters in the sdected didtributions. 8 different databases are andyzed. The
results show that the 2-parameter Welbull (and Norma) didributions give the best fits to the data
available, especidly if tal fits are used whereas the LogNorma digtribution generdly gives a poor
fit and larger coefficients of variation, especidly if tall fits are used.

Bending, tenson and compresson drengths approximately have a coefficient of variation, COV
equa to 20 %, 25% and 15% if 2parameter Welbull tal fits are used. If a LogNormd digtribution
is fitted then the COVs are gpproximately 25%, 30% and 15%. Therefore it seems reasonable to
introduce different partia safety factors for bending, tenson and compresson srength. Characteris-
tic vdues (5 % quantiles) varies sgnificantly compared to ‘target’ vaues. Generdly visud grading
gives lager edimated vaues than target vaues. Cook-Bolinder and Computermatic machine grad-
ings give lower edimated vaues than target vaues whereas Dynagrade machine grading gives
dightly larger estimated vaues than target vaues. It is noted that the standard machine settings are
used.

Rdiability investigations show tha if the same rdiability level is used as in the Danish dructurd
codes from 1998, then partid safety factors gz = 1.5, 1.6 and 1.7 are reasonable values for COV =
0.15, 0.20 and 0.25 when the dsrength is LogNorma digtributed. If the strength is modeled by a 2
paameter Weibull didribution then the rdiability level is dgnificantly lower. Higher patid safety
factors has to be used for COV’s equal to 0.20 and 0.25 compared to those for LogNormd distrib-
uted strengths.
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1 Introduction
This report describes datigtica analyses performed for materid strength parameters from specimens
of sructural timber. Non-parametric datisicd andyss and fits to the following digtribution types
have been invedtigated:
- Normal

Lognormd

2 parameter Welbull

3-parameter Weibull

The gatigicd fits have generdly been made usng dl data (100%) and the lower tal (generdly
30%) of the data with lowest strength. The Maximum Likelihood Method has been used to estimate
the daidicd parameters in the sdected digributions. The theoreticd background for estimating the
detistical parameters is described in section 2. In section 3 to 10 the datistical results from andyz-
ing 8 different databases are shown. Findly in section 10 reiability levels and partid safety factors
are discussed on the basis of the results of the statistical andyses.

1.1 Databases
The gatisticd andyses have been caried out for 8 different data bases including a totd of gpproxi-

mately 6700 pieces of structura lumber. Most of the data are from timber of Nordic origin, but even
Norway spruce from France and Germany and Sitka spruce from Ireland have been included.

Visud grading is predominantly based on the Nordic T-rules as laid down in [1]. For database C, an
earlier verson of the T-rules was used. However, for the purpose of the present investigation, the
differences between the two sets of rules are inggnificant.

Machine grading has been analysed from the results of three machines, which are presently the most
important machines for the Scandinavian market. Two of these, Computermatic and Cook-Bolinder,
are based on an assessment of the datic bending giffness, while the third, Dynagrade, is based on
an asessment of the dynamic modulus of eadticity by a nondestructive measurement of the axid
eilgenfrequency. For the purpose of the present invedtigation three standard machine grades are
used: M18, M24 and M30. These grades correspond to the visua grades T1, T2 and T3. The officid
so-cdled indicating properties for these machine grades are shown in table 1.1.

Indicating property
M18 M24 M30
Computermatic 5595 6950 8860
Cook-Bolinder 5595 6950 8860
Dynagrade 4430000 5840000 7000000

Table 1.1. Machine settings for machine grading.

It should be noted that the results of machine grading for the bending machines Cook-Bolinder and
Computermatic are dependent on thickness of the board and grading speed (e.g.: [17])

The machine settings of Table 1.1 are officialy used throughout the range 34-50 mm. As a reault,
too high vaues of the indicating property are produced for thin boards. The resultant yidd will be
too high, and consequently thin dimensions will show rdatively too low characterisic strength val-
ues.
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High grading speed typicad of commercid production (of the order 90 m/min) introduces dynamic
beam behavior, which will result in a lowering of characteridic vaues. For this reason, the grading
speed typica of the present data banks is usudly chosen to be quite low (of the order 40 m/min). As
a result, commercid grading of the present data banks would have resulted in downgrading of a
number of boards and consequently produced higher characteristic values for the remainder of the
grade.

As arule dl data have been adjusted to meet the requirements of EN 384 [12] with respect to cor-
rections for moisure contents different from the reference condition and szes different from the
reference sze.

The target characteristic vaues for the various visua grades and machine grades are those of the
srength classes (K-classes) as defined in the Danish Timber Code, DS 413 [13]. These vaues are
given in table 1.2. For reasons of comparison the vaues of the G classes of the corresponding Euro-
pean standard (EN 338 [14)]) are dso given. There are no srength classes assigned to the LT-
grades of glulam lamellas (database A), but rather to the glulam produced from these lamellas.

Strength Class, DS 413:1998 K14 (K18 |K24 [K30
characteristic bending strength, f« (MPa) 14 |18 24 30
characteristic compression strength, f,ox (MPa) |12 |15 20 26
characteristic tensile strength, f;ox (MPa) 8 10 16 20

Strength Class, EN 338:1998 Cl4 |C18 |C24 |C30
characteristic bending strength, f.« (MPa) 14 |18 24 30
characteristic compression strength, f,ox (MPa) |16 |18 21 23
characteristic tensile strength, f;ox (MPa) 8 11 14 18

Visual grade, INSTA 142:1997 TO |T1 (T2 |T3

Earlier Nordic T-grades T18 |(T24 | T30

Machine grade M18 [M24 | M30

Table 1.2. Target characterigtic vaues.
Thefollowing eight databases have been investigated:

Database A

1600 specimens of Norway spruce glulam laminations (40 x 145 mm) subjected to tenson or bend-
ing. Visud grading and machine grading. [6].

Database B

284 specimens (45 x 145 mm) of Norway spruce subjected to bending. Machine grading. [7].
Database C

500 specimens (two dimensions) of Norway spruce subjected b bending or tenson. Visud grading
and machine grading. [8].

Database F

1794 specimens (two dimensions) of Norway spruce and a smal amount of Scots pine subjected to
bending. Machine grading. [9].

Database H

500 specimens (two dimengions) of Irish grown Stka spruce subjected to bending. Visud grading.
[10].

Database |

500 specimens (three dimendons) of French grown Norway spruce subjected to bending. Visud

grading.
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Database J
850 specimens (45 x 145 mm) of Swedish grown Norway spruce subjected to bending, compression

or tenson. Visud grading

Database K

700 specimens (45 x 145 mm) of Danish grown Stka spruce subjected to bending or tenson. Visud
grading. [11]
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2 Theoretical background

This chapter describes the Satidticd distributions used in the datistica andyses, the parameter es-
timation by the Maximum Likelihood Method and the edimation of characteristic vaues using reli-
ability techniques.

2.1 Distributions
The following four distribution types have been used:

Normal distribution
The digtribution function is written:

2

X =S - Sl0)
F, () =F& "9_\ 1 opt & M0 5y (1)
€ s o 2ps es gy

where v is the expected vdue and s is the standard deviation. F (.) is the digtribution function for
astandardized norma distributed stochagtic variable,

Lognormal distribution
The digribution function is written:

, x>0 2

3)

m=Inm %sf (4)

2-parameter Weibull distribution
The didribution function is written

, X30 ®)

&llo.m
1o

Q-

F, (X) =1- e<pg gb

where a is the shape parameter and b is the scade parameter. These are related to the expected
vaue nr and the gandard deviation s of X by

m=bGﬁ+19 (6)
é ag
s b\/cﬁ+ - 19 ©
e
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3-parameter Weibull distribution
The digtribution function is written

&X- g
b-g

QO
- O

e
Fy (X) =1- expé- , X3 d (8)

]

where g is the threshold, a is the shape parameter and b is the scale parameter. These are related
to the expected value nr and the standard deviation s of X by

m=(b - g) T +2%g ©
e ag

s=(b-g) chﬁ+a39 T

2 (10)
e g € ag
2.2 Parameter estimation
If dl data are used then the parameter edimation is peformed with the Maximum Likeihood
Method, see section 2.2.1. If fits to the lower tall is made then the least square technique is used, see
section 2.2.2. Gengrdly the datidicd andyses are only performed if the number of daa is larger
than 20. This means that if tall fits are made to the lowest 30% of the data then in tota more than 67
data hasto be available.

2.2.1 Maximum Likdihood Method (MLM)
The datisicd parameters, for example a and b, are determined using the Maximum-Likelihood
method. The Log-Likeihood function is written, e.g. for the truncated Weibull distribution:

. n - ,a-1 o) - .a m
InL(a,b) =In§% £ (x)2=4 |n8°3§9i§ ot 240 = (11)
i=1 g =1 gl% bg 8 bgéﬂ
where f, (x) is the dengty function and x; ,i =1,n are the n daa avalable. The optimization

problem max InL(@,b) is solved usng a sandard nonlinear optimizer (in this report the NLPQL
agorithmisused, see[2)).

Because the parameters a and b ae determined using a limited number of data they are subject to

datistical uncertainty. Since the parameters are edimated by the Maximum Likeihood technique
they become asymptoticaly (number of data should be larger than 25-30) Normdly distributed sto-
chadtic variables with expected values equd to the Maximum Likelihood estimators and covariance
matrix equa to, seeeg. Lindley, [3]

2

Sa

e r.s.s,u

Cop = Hu " =2 TR (12)
, < 2 A

@l abSaSo Sy, @
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where H,, is the Hessan matrix with second order derivatives of the log-Likdihood function. s,
and s, denote the standard deviations of a and b, respectively. r_, is the correlation coefficient
between a and . The Hessian matrix is estimated by numerica differentiation.

2.2.2 Tail fit by the Least Square Technique (LST)
The unknown parameters in a given distribution function Fx(x|q) for a gochagtic variable X are
denoted q =(@,.0,,---9,,) -

The observations / data X = (%4, %o ,...,X,) ae ranked such that X, £ X, £...£ X,,. An empiricd dis-
tribution function is then established, e.g. using the Weibull — plot formula

>

i A
= X=X 13
-y (13)

The datigtica parameters are determined from the optimization problem

min & E-Fox) (14)

i=1

where N =n if dl data are used. If a fit to the lower tail is to be determined then N =k n where k
is the fraction of the data used. The solution of this optimization problem gives a centrd edtimate of
the satigtical parametersq =(@,.9,...-9,,) -

2.3 Characteristic values

The charecterigtic value x,, corresponding to the g>100 % quantile of the stochadtic varidble X is
defined by

F(X) =P(X £x)=q ® x, =F.*(0) (15)

If datidtica uncertainty is taken into account the characteridic vaue is determined consdering the
limit Sate function:

g=X- X, (16)
The characteridtic value X, is defined by
q=P(X £ x,)=P(g £0)=P(g(X,a,b,h,) £0) (17)

It is seen that X becomes dependent on the three stochastic variables X,a and b . The transforme-
tion to standard Normal space (U,,U,,U ) isestablished using a Roserblatt transformation.

If for example X isWaeibull digtributed the transformation can be written:
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u,=2- M solved for a (18)
Sa
U, +4/1- r3u, = ;rrg solved for b (19)
b
®e _ .a 0
F(U,)=1- expS- g 92 ~ solved for X (20)
b-g9g 5

The probability P(g(X,a, b, x,) £ 0) can then be estimated by the First Order Reliability Method
(FORM) (see [4] and [5]) and/or by Monte Carlo simulation where redlizations of (U,,U,,U,) are
smulated and X is determined by the Rosenblatt transformation (18)-(20). X, is determined itera-
tively from (17).
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3 Database A

3.1 Contents of database

Species Norway spruce

Number of 1600

pecimens

Dimensions 40 x 145 mm

Origin The materid was collected from eight millsin Scandinavia: Two in Finland,

two in Norway and four in Sweden. From each sawmill 150 pieces were col-
lected for tension tests. From each of four of the eéght mills an additiona 100
pieces were sampled for bending tests. These four mills were chosen to be one
from Norway, one from Finland and two from Sweden.

Loading mode Tenson and bending

Qudlity Normd quality for glulam laminations

Pre-grading Visud pre-grading according to the LT-grades for glulam lamination took place
at the sawvmills. Half the materia was sdected as LT20; the other half was se-
lected asL T 30

Visud grading Visua grading at laboratoriesto classes: LT10, LT20, LT30 and LT40

Meachinegrading | Machine grading to classes M 18, M24 and M30
Grading machines included: Computermatic, Cook-Bolinder and Dynagrade

More information | [6]

Remarks A limited number of specimens of dimensions other than 40 x 145 mm are
avalable in the databank. However, these specimens are not included in the
datistical andyses.

3.2 Bending strength

3.2.1 Visuad graded data
Table 3.1 shows the basic Satistica characterigtics for the visua graded strength data.

LT10 LT20 LT30 LT40
Number of data | 21 194 109 74
Expected vaue | 32.4 39.6 49.6 58.7
cov 0.19 0.26 0.24 0.22
Min. vdue 20.0 15.9 20.6 29.1
Max. vaue 425 65.3 76.0 85.9
X005 20.2 21.6 29.8 36.7

Table 3.1 Saidicd dda (in MPa).

In the following tables and figures are shown the results obtained using the visual graded data when
fitsto the following four digtributions are performed:

Normal

Lognormd

2 parameter Weibull

3-parameter Weibull with g chosen as 0.9 times the smallest srength vaue.
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Tall fits are made uang k =10%, 15%, ..., 40% and 100% of the data. The Least Square Technique
(LST) is used as wdl as the Maximum Likdihood Method (MLM) when 100% data is used. As

results are shown the coefficient of varigtion, COV (=s /) and the characteristic value, X,,; de-
fined as the 5% quartile.

3.2.1.1 Normal distribution
Table 3.2 and figures 3.1 — 3.5 show the reaults if fits to the Normd digtribution are made. It is seen
that:
generdly the smdlest COV isobtained if the distribution function isfitted to dl data.
only smal deviations for the 5% quantiles are observed.
the 5% quantile is higher than that corresponding to grading classes LT10 and LT20 and smaller
than that corresponding to grading class LT40.
the two edtimation methods, LST and MLM give dightly different results for 100% data. Devia-
tions up to 3% are observed for the characteristic vaue estimate.

LT10 LT20 LT30 LT40

Number of data | 21 194 109 74

Truncetion, K COV | x,05 |COV X005 Cov Xo05 Cov X005
10% 0.26 22.6 0.28 28.7 0.24 35.8
15% 0.27 22.7 0.27 28.5 0.24 35.6
20% 020 [195 |0.26 22.7 0.27 28.5 0.25 35.6
25% 0.26 22.7 0.27 28.5 0.25 35.7
30% 0.25 22.7 0.26 28.7 0.24 35.8
35% 0.25 22.8 0.26 28.7 0.24 35.8
40% 0.25 22.8 0.26 28.7 0.24 35.9
100% (LST) 0.27 22.0 0.24 29.7 0.22 37.1
100% (MLM) 018 |22.6 |0.26 22.4 0.23 30.6 0.21 38.2

Table 3.2 Statidticad data (in MPa) for Normad fit.

1.00 — 1.00 —

0.90 4 0.90 n

080 080

070 070

0.60 —- 0.60 —-

0.50 _- 050 _-

040 040 ]

0.30 4 0.30 n

020 020

010 010 ]

0.00 T T T T 1 0.00 =T T T T T T T T "1
Qoo 10.00 20.00 30.00 40.00 50.00 Q00 1000 2000 3000 4000 5000 6000 7.00

LT10: K =100% truncation LT20: K =15% truncation

Figure 3.1 Didribution fits (in MPa).
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Figure 3.2 Didribution fits (in MPa).
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Figure 3.3 Didribution fits (in MPa).
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Figure 3.4 Didribution fits (in MPa).

1.00 —

0.90 —

0.80 —

0.70 —

0.60 —

0.50

0.40 —

0.30 —

0.20 —

0.10 —

0.00 — T 1 T T T T T T T T
Q00 1000 2000 3000 4000 500 60 7000

LT20: K =100% truncation
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Figure 3.5 Didribution fits (in MPa).

For the fits where dl data are usad it is possble to estimate the Satistical uncertainty as described in
section 2.2 and to esimate the 5% quantile with datistical uncertainty included as described in sec-
tion 2.3. The results are shown in table 3.3. It is seen that

the datigica uncertainties for the two parameters m and s ae smdl and that only margind
differences for the 5% quantile are obtained if Satistical uncertainty isincluded.

al S VI | V[s] |r[ms] | x,p5- Stat | Xogs + Stat
LT10 |324 |59 0.040 | 0.155 |0.046 22.6 22.3
LT20 |139.6 |10.4 0.019 |0.051 |0.011 22.4 22.4
LT30 [49.6 |[11.6 [0.023 |0.068 |0.027 30.6 30.6
LT40 |58.7 |12.4 0.025 | 0.082 |0.049 38.2 38.0

Table 3.3 Statistica uncertainty. Xq,s- Stat and Xq s+ Sat indicate the 5% quantile estimates with-
out and with gatistica uncertainty included (in MPa).

3.2.1.2 Logormal distribution
Table 3.4 and figures 3.6 — 3.10 show the reaults if fits to the Lognorma distribution are made. It is
Seen that:
- generdly the amdlest COV isobtained if the digtribution function isfitted to al data.
large deviations between the data and the fitted digtribution are observed if the fit is made with
only 15% or 30% of the data.
snal deviatiions for the 5% quantiles are observed — but the 5% quantile (when dl data are
used) isin dl cases larger than the one obtained if fits are made to the lower tail.
the 5% quantile is higher than that corresponding to grading classes LT10 and LT20 and LT30
and smaller than that corresponding to grading class LT40.
LST gives up to 4% larger estimates for the characteristic vaue than MLM, while the amdler
COV estimates are obtained.
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LT10 LT20 LT30 LT40

Number of data |21 194 109 74

Truncation, K COV | x,5 |COV X005 cov X005 cov Xo.05
10% 0.54 22.4 0.58 28.4 0.41 35.6
15% 0.51 22.3 0.48 28.2 0.38 355
20% 0.25 19.7 |0.45 22.4 0.45 28.3 0.40 35.4
25% 0.41 225 0.43 28.4 0.37 35.6
30% 0.38 22.8 0.40 28.7 0.34 35.9
35% 0.36 22.8 0.38 28.9 0.33 36.1
40% 0.35 229 0.36 29.1 0.32 36.3
100% (LST) 0.26 25.1 0.23 331 0.20 40.7
100% (MLM) 0.20 23.0 |(0.28 24.1 0.26 31.8 0.23 395

Table 3.4 Statistical data (in MPa) for Lognormd fit.
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LT10: K =100% truncation LT20: K =15% truncation

Figure 3.6 Didribution fits (in MPa).
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Figure 3.7 Didribution fits (in MPa).
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Figure 3.8 Didribution fits (in MPa).
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Figure 3.9 Didribution fits (in MPa).
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Figure 3.10 Didribution fits (in MPa).

For the fits where dl data are used it is possble to estimate the Satisticd uncertainty as described in
section 2.2 and to edimate the 5% quantile with Satistical uncertainty included as described in sec-
tion 2.3. Theresultsare shown in table 3.5. It is seen that

the gatigtical uncertainties for the two parameters my and s, ae smdl and thet only margind
differences for the 5% quantile are obtained if datistica uncertainty isincluded.
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m |Sy VIm] | VIsy] | r[m,sy] | Xoes-Sta | Xgps +Stat
LT10 |31.8 |0.198 |0.043 |[0.157 |0.001 23.0 22.7
LT20 [38.3 |0.279 |0.020 |0.050 |0.000 24.1 24.1
LT30 |48.3 |0.254 |0.024 |[0.067 |0.001 31.8 31.7
LT40 [57.4 |0.226 |0.026 |0.084 |0.001 39.5 39.4

Table 3.5 Statistica uncertainty.
out and with statistical uncertainty included (in MPa).

Xoos- St and X, + Stat indicate the 5% quantile estimates with-

3.2.1.3 2 parameter Weibull distribution

Table 3.6 and figures 3.11 — 3.15 show the reaults if fits to the 2 parameter Weibull distribution are

made. It is seen that:

generdly the amdlest COV is obtained if the distribution function is fitted to the lower tal (30

40% of the data).

smal deviations for the 5% quantiles are observed — in most cases the 5% quantile is larger than

the one obtained if fits are made to the lower tail.

the 5% quantile is higher than that corresponding to grading classes LT10 and LT20 and smaller

than that corresponding to grading classes LT30 and LT40.

LST gives up to 2% smdler estimates for the characteridic vaue than MLM, while the COV

estimates are identical.

LT10 LT20 LT30 LT40

Number of data |21 194 109 74

Truncation, K COV | Xg05 cov X005 cov X005 Ccov Xo05
10% 0.26 225 0.28 28.6 0.22 35.8
15% 0.26 22.6 0.26 28.5 0.21 35.6
20% 0.17 194 [0.25 22.6 0.25 28.5 0.23 35.6
25% 0.24 22.6 0.25 28.5 0.23 35.6
30% 0.23 22.8 0.25 28.7 0.22 35.8
35% 0.23 22.8 0.24 28.8 0.22 35.8
40% 0.23 22.8 0.24 28.8 0.21 35.9
100% (L ST) 0.27 211 0.24 28.6 0.22 35.8
100% (MLM) 0.18 22.2 027 21.3 0.24 29.2 0.22 36.5

Table 3.6 Statigticad data (in MPa) for 2 parameter Weibull fit.
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Figure 3.11 Didribution fits (in MPa).
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Figure 3.12 Didribution fits (in MPa).
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Figure 3.13 Didribution fits (in MPa).
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Figure 3.14 Didribution fits (in MPa).
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Figure 3.15 Didribution fits (in MPa).

For the fits where dl data are used it is possble to estimate the Satisticd uncertainty as described in
section 2.2 and to estimate the 5% quantile with datistical uncertainty included as described in sec-
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tion 2.3. Theresults are shown in table 3.7. It is seen that

generdly the datistical uncertainties for the two parameters b and a ae smdl and tha only

margind differences for the 5% quantile are obtained if datigicd uncertainty is included. How-
ever, for LT10 where the number of datais smdl, the satistical uncertainty has some influence.

T I T I T I T
Q00 1000 20.00 30.00 4000 50.00 6000 70.00 80.00 €0.00

LT40: K =100% truncation

b ja |VIb] |V[a] |r[ba] |x,u-da | X +sat
LT10 | 658 [34.8 |0.173 |0.034 |0.35 22.2 215
LT20 [4.17 [43.7 [0.051 [0.018 |0.053 [213 21.3
LT30 [4.79 [543 [0.073 [0.021 [0.011 [29.2 29.1
LT40 [5.33 [63.9 [0.089 [0.023 |0.19 36.5 36.4

Table 3.7 Statistica uncertainty. Xq,s- Stat and X, + Sat indicate the 5% quantile estimates with-

out and with statistical uncertainty included (in MPa).
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3.2.1.4 3 parameter Weibull distribution
Table 3.8 and figures 3.16 — 3.20 show the results if fits to the 3 parameter Weibull digtribution are
mede. It is seen that:
- generdly the smalest COV isobtained if the digtribution function isfitted to al data
large deviations between the data and the fitted digtribution are observed if the fit is made with
only 15% or 30% of the data.
smdl deviaions for the 5% quantiles are observed — but the 5% quantile is in dl cases larger
than the one obtained if fits are made to the lower tail.
the 5% quantile is higher than that corresponding to grading classes LT10 and LT20 and smaller
than that corresponding to grading class LT40.
amogt identical estimates for characteristic values and COV are obtained using LST and MLM.

LT10 LT20 LT30 LT40

Number of data |21 194 109 74

Truncation, K COV | x,5 |COV X005 cov Xo05 Ccov Xo.05
10% 0.58 22.0 0.57 28.2 0.47 35.4
15% 0.46 22.1 0.42 28.2 0.39 35.4
20% 0.30 201 |0.37 22.3 0.38 28.3 0.41 35.3
25% 0.33 225 0.36 28.5 0.35 35.7
30% 0.30 22.8 0.32 28.9 0.30 36.2
35% 0.28 229 0.30 29.0 0.29 36.3
40% 0.28 23.0 0.29 29.2 0.27 36.6
100% (LST) 0.26 23.3 0.23 30.8 0.21 39.0
100% (MLM) 0.18 23.2 |0.26 23.3 0.23 311 0.21 39.0

Table 3.8 Statigticad data (in MPa) for 3 parameter Weibull fit.
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Figure 3.16 Didribution fits (in MPa).
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Figure 3.17 Didribution fits (in MPa).
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Figure 3.18 Didribution fits (in MPa).
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Figure 3.19 Didribution fits (in MPa).
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Figure 3.20 Didribution fits (in MPa).

For the fits where dl data are usad it is possble to estimate the Statistical uncertainty as described in
section 2.2 and to edimate the 5% quantile with datistical uncertainty included as described in sec-
tion 2.3. Theresults are shown in table 3.9. It is seen that

generdly the datistical uncertainties for the two parameters b and a ae smdl and that only
margina differences for the 5% quantile are obtained if satistica uncertainty isincluded.

b a g V[b] [V[a] | r[ba] | x,u-sat | X, + Stet
LT10 |1.88 [21.3 |18.0 |- - - 23.2 -
LT20 |2.65 [28.9 |14.0 |0.057 |0.028 |0.036 23.3 23.3
LT30 |2.98 [35.5 |18.0 |0.077 |0.034 |0.076 311 30.9
LT40 |2.88 (36.8 |26.0 |0.093 |0.042 |0.12 39.0 38.9

Table 3.9 Satidtica uncertainty. X,,- Stat ad Xy, + Sat indicate the 5% quantile estimates with-
out and with statistical uncertainty included (in MPa).

3.2.1.5 Summary
Table 3.10 summarizes the above results. The results for tall fits correspond to usng 30% of the
data It is seen that
the 2 parameter Weibull distribution gives the smalest COV (=0.18 — 0.25).
the LogNorma digtribution gives rather large COV’s
the characterigtic vaues for the two commonly used grades LT20 and LT30 ae of the same
order as those defined for strength classes K24 and K 30.
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LT10 LT20 LT30 LT40
Number of data 21 194 109 74

Ccov X005 Ccov X005 Cov Xo05 Ccov X005
Non-parametric | 0.19 20.2 0.26 21.6 0.24 29.8 0.22 36.7
Normal 0.18 22.6 0.26 224 0.23 30.6 0.21 38.2
Normd - tail 0.25 22.7 0.26 28.7 0.24 35.8
LogNormal 0.20 23.0 0.28 24.1 0.26 318 0.23 395
LogNormd - tall 0.38 22.8 0.40 28.7 0.34 35.9
Weibull-2p 0.18 22.2 0.27 21.3 0.24 29.2 0.22 36.5
Weibull-2p - tall 0.23 22.8 0.25 28.7 0.22 35.8
Weibull-3p 0.18 23.2 0.26 23.3 0.23 311 0.21 39.0
Weibull-3p - tall
Target X5 not defined

Table 3.10. Satistica data (in MPa).

3.2.2 Machine graded data

3.2.2.1 Cook-Bolinder

Table 3.11 summarizes the results for machine graded data by the Cook-Bolinder machine. The

results for tall fits correspond to using 30% of the data. It is seen that

the 2 parameter Welbull distribution gives the smalest COV (=0.21 - 0.32).

the LogNorma digtribution gives rather large COV’'s
the characterigtic values are generdly much smdler than the target characteristic values.

M18 M24 M30
Number of data 1 22 386
Ccov X005 cov X005 cov X008
Norparametric 0.33 16.0 0.29 27.1
Normal 0.32 14.9 0.29 24.2
Norma — tall 0.23 26.3
LogNormal 0.32 17.7 0.31 27.0
LogNorma - tall 0.34 26.1
Weibull-2p 0.34 13.9 0.30 23.1
Webull-2p - tal 0.21 26.2
Weibull-3p 0.32 17.6 0.29 26.1
Weibull-3p - tall 0.28 26.1
Target Xqgs 18 24 30

Table 3.11. Satisica data (in MPa).
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3.2.2.2 Computermatic

M18 M24 M30
Number of data 4 33 371
cov X005 cov Xo.05 cov X005
Norparametric 0.29 16.5 0.29 27.2
Normal 0.29 17.7 0.29 245
Normd - tall 0.23 26.5
LogNormal 0.31 19.3 0.30 27.3
LogNormd - tal 0.33 26.3
Webull-2p 0.29 17.0 0.30 23.4
Webull-2p - tall 0.20 26.4
Webull-3p 0.29 19.2 0.29 26.4
Webull-3p - tal 0.28 26.3
Target Xqos 18 24 30

Table 3.12 Saidica data (in MPa).

Table 3.12 summarizes the results for machine graded data by the Computermatic machine. The
results for tall fits correspond to using 30% of the data. It is seen that

the 2 parameter Welbull distribution gives the smallest COV (=0.20 — 0.29).

the LogNorma digtribution gives rather large COV’s

the characteristic vaues are generdly much smdler than the target characteristic values.

3.2.2.3 Dynagrade

M18 M24 M30
Number of data 41 176 156
cov X005 cov Xo.05 cov X005
Non-parametric | 0.34 18.8 0.25 24.9 0.25 31.1
Normal 0.33 14.8 0.25 24.1 0.25 311
Normd - tall 0.28 16.7 0.24 24.5 0.23 30.9
LogNormal 0.32 18.7 0.27 258 0.27 331
LogNormal - tal |0.43 16.8 0.35 24.4 0.35 30.7
Webull-2p 0.36 13.7 0.26 22.6 0.26 29.7
Webull-2p - tal |0.27 16.6 0.21 245 0.21 30.8
Webull-3p 0.33 18.1 0.25 24.8 0.33 326
Webull-3p - tal |0.48 17.1 0.28 245 0.25 30.5
Target Xqos 18 24 30

Table 3.13. Saidica daa (in MPa).

Table 3.13 summarizes the results for machine graded data by the Dynagrade machine. The results
for tall fits correspond to using 30% of the data. It is seen that

the 2 parameter Welbull distribution gives the smalest COV (=0.21 - 0.27).

the LogNorma digtribution gives rather large COV’s

the characterigtic values are generally close to the target characteristic vaues.
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3.3 Tensile strength — full database

3.3.1 Visud graded data

Table 3.14 summarizes the results for visual graded data The results for tall fits correspond to using
30% of the data. It is seen that

the 2 parameter Weibull distribution gives the smalest COV (=0.20 — 0.29).
the LogNormd digribution gives rather large COV’'s
the characteristic vaues are generdly much larger than the target characteritic vaues.

LT10 LT20 LT30 LT40

Number of data 70 503 288 122

Cov X005 Ccov X005 Ccov Xo05 Cov X005
Non-parametric | 0.30 135 0.31 16.9 0.27 22.0 0.30 22.5
Normal 0.30 12.3 0.31 14.0 0.27 19.9 0.30 21.3
Normad - tall 0.29 12.1 0.23 165 0.24 20.8 0.25 229
LogNormal 0.32 13.8 0.31 16.5 0.29 21.7 0.31 24.3
LogNormal - tal |0.48 12.2 0.33 16.4 0.36 20.7 0.37 229
Webull-2p 0.31 11.7 0.33 13.0 0.28 18.7 0.31 19.9
Waebull-2p - tal |0.29 12.1 0.20 16.5 0.22 20.8 0.23 229
Webull-3p 0.30 13.2 0.31 149 0.27 20.6 0.30 23.4
Wabull-3p - tal |0.40 12.3 0.24 16.4 0.28 20.7 0.33 23.0
Target Xg 5 16 20

Table 3.14. Statistical data (in MPa).
3.3.2 Machine graded data

3.3.2.1 Cook-Bolinder
Table 3.15 summarizes the results for machine graded data by the Cook-Bolinder machine. The
results for tall fits correspond to using 30% of the data. It is seen that
the 2 parameter Weibull distribution gives the smalest COV (=0.18 — 0.22).
the LogNorma digtribution gives rather large COV’'s
the characteristic vaues are generdly smdler than the target characteridtic vaues, especidly for
the M24 grading.
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M18 M24 M30

Number of data 3 94 1098

Cov X005 Ccov X005 Cov Xo05
Nonparametric 0.31 11.6 0.32 19.2
Normal 0.31 10.1 0.32 15.9
Normd - tall 0.24 11.5 0.21 19.2
LogNormal 0.29 12.2 0.32 18.9
LogNorma - tall 0.36 11.5 0.30 19.0
Weibull-2p 0.35 8.7 0.33 15.0
Weibull-2p - tall 0.22 11.5 0.18 19.2
Webull-3p 0.31 11.3 0.32 17.4
Weibull-3p - tall 0.32 11.5 0.23 19.0
Target Xoos 10 16 20

Table 3.15. Satisica data (in MPa).

3.3.2.2 Computermatic

Table 3.16 summarizes the results for machine graded data by the Computermatic machine. The

results for tall fits correspond to using 30% of the data. It is seen that

the 2 parameter Welbull digtribution gives the smdlest COV (=0.18 — 0.23).

the LogNormad digtribution gives rather large COV'’s

the characteridic vaues are generdly much smdler than the target characteridic vaues, espe-

cdly for the M24 grading.
M18 M24 M30

Number of data 7 109 1079

cov Xo.05 cov Xo.05 cov X005
Norparametric 0.26 12.9 0.31 194
Normal 0.25 12.3 0.31 16.1
Normd - tall 0.25 12.5 0.21 194
LogNorma 0.26 134 0.32 191
LogNormd - tall 0.37 12.5 0.30 19.2
Weibull-2p 0.28 111 0.33 151
Waebull-2p - tal 0.23 12.5 0.18 19.3
Webull-3p 0.26 12.6 0.31 175
Weibull-3p - tall 0.31 12.5 0.22 19.2
Target X, 10 16 20

Teble 3.16. Saidica data(in MPa).
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3.3.2.3 Dynagrade

Table 3.17 summarizes the results for machine graded data by the Dynagrade machine. The results

for tail fits correspond to using 30% of the data. It is seen that

the 2 parameter Weibull distribution gives the smalest COV (=0.18 - 0.27).

the LogNorma digtribution gives rather large COV’s

the characterigtic values are generally close to the target characteristic vaues.

M18 M24 M30
Number of data 120 549 485

Cov X005 cov X005 Ccov X005
Norn-parametric | 0.26 125 0.27 17.0 0.26 24.5
Normal 0.25 12.6 0.27 155 0.26 22.8
Norma —tall 0.28 12.1 0.22 16.8 0.20 24.7
LogNormal 0.27 134 0.27 17.2 0.26 25.1
LogNormal - tal |0.45 12.0 0.33 16.7 0.29 245
Webull-2p 0.27 11.7 0.29 141 0.28 20.8
Wabull-2p - tal |0.27 12.0 0.20 16.8 0.18 24.7
Webull-3p 0.26 12.9 0.27 15.7 0.26 23.7
Webull-3p - tal |0.39 12.0 0.24 16.7 0.24 24.4
Taget X4 10 16 20

Teble 3.17. Satistica data (in MPa).

3.4 Tensile strength — reduced database - 4 selected sawmills

(Sawmills identical to those selected for bending tests)

3.4.1 Visud graded data

LT10 LT20 LT30 LT40

Number of data 44 238 134 67

Cov X005 Ccov X005 Cov X005 Cov X005
Non-parametric | 0.30 11.0 0.33 17.2 0.27 22.2 0.28 23.9
Normal 0.29 12.3 0.33 13.2 0.26 211 0.28 229
Normd - tail 0.23 16.1 0.24 215 0.24 23.9
LogNormal 0.32 134 0.33 16.0 0.28 22.8 0.28 25.6
LogNormd - tail 0.33 16.0 0.36 215 0.34 24.0
Weibull-2p 0.30 11.7 0.34 12.6 0.27 19.9 0.30 211
Weibull-2p - tall 0.20 16.1 0.22 215 0.21 23.9
Weibull-3p 0.29 13.0 0.33 14.5 0.26 21.6 0.28 24.9
Weibull-3p - tall 0.24 16.1 0.27 215 0.31 24.3
Target Xg 5 10 16

Table 3.18. Satisica data (in MPa).
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Table 3.18 summarizes the results for visud graded data. The results for tail fits correspond to using
30% of the data. It is seen that

the 2 parameter Weibull distribution gives the smallest COV (=0.20 — 0.22).

the LogNorma digtribution gives rather large COV’s

the characteristic values are generdly much larger than the target characteristic values.

3.4.2 Machine graded data

3.4.2.1 Cook-Bolinder
Table 3.19 summarizes the results for machine graded data by the Cook-Bolinder machine. The
results for tall fits correspond to using 30% of the data. It is seen that
- the 2 parameter Welbull digtribution gives the smdlest COV (=0.19).
the LogNorma digtribution gives rather large COV’s
the characterigtic values are generdlly smdler than the target characterigic vaues, especidly for
the M24 grading.

M18 M24 M30
Number of data 2 40 564
cov X005 cov Xo.05 cov X005
Norparametric 0.29 10.5 0.32 18.9
Normal 0.28 104 0.32 15.8
Normd —tall 0.22 19.0
LogNormal 0.31 11.3 0.33 18.9
LogNormd - tal 0.32 18.7
Webull-2p 0.28 10.0 0.34 15.1
Webull-2p - tall 0.19 18.9
Webull-3p 0.32 175
Webull-3p - tal 0.24 18.7
Target X, e 10 16 20

Table 3.19. Saidica daa (in MPa).

3.4.2.2 Computermatic
Table 3.20 summarizes the results for machine graded data by the Computermatic machine. The
results for tall fits correspond to using 30% of the data. It is seen that
the 2 parameter Weibull digtribution gives the smalest COV (=0.20).
the LogNorma digtribution gives rather large COV’s
the characteridic vaues are generdly much smdler than the target characteriic vaues, espe-
cidly for the M24 grading.
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M18 M24 M30
Number of data 4 55 547
cov X005 cov Xo.05 cov X005
Norparametric 0.28 11.0 0.32 19.0
Normal 0.28 11.9 0.32 16.0
Norma —tall 0.23 18.8
LogNormal 0.29 13.2 0.33 18.9
LogNormd - tall 0.34 18.6
Weibull-2p 0.44 84 0.33 15.3
Webull-2p - tall 0.20 18.8
Webull-3p 0.28 12.6 0.32 175
Webull-3p - tal 0.26 18.6
Target X, 05 10 16 20

Teble 3.20. Satitica data (in MPa).

3.4.2.3 Dynagrade
Table 3.21 summarizes the results for machine graded data by the Dynagrade machine. The results
for tail fits correspond to using 30% of the data. It is seen that

the 2 parameter Weibull distribution gives the smalest COV (=0.18 —0.27).

the LogNormad digtribution gives rather large COV's

the characterigtic vaues are generdly close to or larger than the target characteristic values.

M18 M24 M30
Number of data 50 251 283

cov X005 cov Xo.05 cov X005
Non-parametric | 0.27 10.2 0.27 16.9 0.25 24.5
Normal 0.26 11.7 0.27 15.1 0.25 233
Normd - tall 0.22 16.3 0.21 249
LogNormal 0.29 12.4 0.28 16.8 0.26 255
LogNorma - tall 0.32 16.2 0.29 247
Webull-2p 0.27 11.2 0.29 13.9 0.27 21.4
Webull-2p - tal 0.20 16.3 0.18 249
Webull-3p 0.39 14.7 0.25 24.6
Webull-3p - tal 0.24 16.3 0.26 24.6
Target X, e 10 16 20

Table 3.21. Saidica daa (in MPa).

3.4.3 Ratio of tensle strength to bending strength
The retios of characteristic tendle srength to characteristic bending strength as they may be derived
from DS 413 varies from 0.57 for low quaity lumber (K14) to 0.67 for high qudity lumber (K30).
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The European standard for strength classes, EN338, establishes characteridtic tensle strength values
from characterigtic bending strength vaues by using the ratio 0.60 for al strength classes.

Based on results from sections 3.2 and 3.4 ratios of characterigic tensile strength to characteristic
bending strength may be assessed for some of the strength classes. Such ratios are presented in Ta
ble 3.22. The ratios are based on tal fits and are vdid for both the 2 parameter Welbull distribution
and the Normd didribution. The experimenta vaues suggest that the Danish ratios and particularly
the European ratio are too small.

Visud grading LT20 LT30 LT40
INSTA 142 0.71 0.75 0.67
Machine grading M24 M30
Cook-Bolinder 0.72
Computermétic 0.71
Dynagrade 0.67 0.81

Table 3.22. Ratios of characteridtic tendle strength to characteristic bending strength. The ratios are
based on tall fits and are vaid for both 2 parameter Weibull and Normal distributions.

3.5 Summary for database A

The datidtica results for the data show generdly that

- the sandlest COVs ae obtaned usng the 2 parameter Weibull didtribution fitted to 30% of the
data.
the fits to a Lognorma digtribution results in rather large COVs and large deviations from ob-
servations at the upper part.
the largest 5% quantile is obtained with fits to 30% of the data.
for bending srength the COV is approximately 0.18 — 0.25 (tail fit to 2 parameter Weibull dis-
tribution)
for tendle drength the COV is gpproximatey 0.18 — 0.25 (tail fit to 2 parameter Weibull distri-
bution)
no sgnificant differencein COV’ s is observed for visud and machine graded data
the characterigtic vaues (5% quantiles) are close to the target vaues for visua grading and na

chine grading by the Dynagrade machine and much smdler than the target vaues for the Cook-
Balinder and Computermatic machines.
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4 DatabaseB

4.1 Contents of database

Species Norway spruce

Number of 284

specimens

Dimengons 45 x 145 mm

Origin The materid was collected from seven mills in Sweden. About 40 pieces were

callected from each mill.

Loading mode Bending

Qudity Normal run-of-mill qudity

Pre-grading None

Viaud grading Visud grading a |aboratories to classes: None

Machinegrading | Machine grading to classes. M 18, M24 and M30
Grading machines included: Cook-Bolinder

Moreinformation | [7]

4.2 Bending strength
4.2.1 Machine graded data

4.2.1.1 Cook-Bolinder

M18 M24 M30
Number of data 7 46 228
cov Xo.05 cov Xo.05 cov X005
Norparametric 0.33 16.0 0.29 27.1
Normal 0.32 14.9 0.29 24.2
Normd - tail 0.33 13.7 0.23 26.3
LogNorma 0.32 17.7 0.31 27.0
LogNormdl - tall 0.52 14.3 0.34 26.1
Weibull-2p 0.34 13.9 0.30 231
Waelbull-2p - tal 0.32 13.8 0.21 26.2
Webull-3p 0.32 17.6 0.29 26.1
Weibull-3p - tall 0.68 15.6 0.28 26.1
Target X, o5 18 24 30

Teble 4.1. Satisica data (in MPa).

Table 4.1 summarizes the results for machine graded data by the Cook-Bolinder machine. The e
aultsfor tail fits correspond to using 30% of the data. It is seen that
- the 2 parameter Weibull digtribution gives the smdlest COV (=0.21 - 0.32).
the LogNormad digtribution gives rather large COV'’s
the characterisic vaues are generdly smdler than the target characteristic vaues, especidly for
the M24 grading.
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5 DatabaseC

5.1 Contents of database

Species Norway spruce

Number of Approximately 500

Specimens

Dimengons 34 x 145 mm and 58 x 120 mm

Origin The materid was collected from two mills in Sweden and one mill in Germany
Loading mode Tendon and bending

Qudlity Normd run-of-mill qudity

Pre-grading Swedish timber: No pre-grading. German timber: Pre-grading to an equa num-

ber of the three German strength grades S7, S10 and S13

Viaud grading Visud grading at laboratories to Nordic T-rules[1]

Machinegrading | Machinegrading to classes: M 18, M24 and M30
Grading machines included: Computermatic and Cook-Bolinder

Moreinformation | [8]

Remarks

5.2 Bending strength
5.2.1 Visud grading

K12 T18 T24 T30
Number of data 8 80 106 44
Ccov X005 cov X005 Ccov X005 Ccov X005
Non-parametric 0.20 27.0 0.23 28.7 0.20 36.6
Normal 0.20 25.8 0.22 28.1 0.19 36.2
Normd - tall 0.19 26.4 0.19 28.2 0.18 36.3
LogNormal 0.20 275 0.24 29.6 0.19 38.1
LogNormd - tall 0.25 26.4 0.26 28.0 0.22 36.4
Weibull-2p 0.24 22.7 0.23 27.1 0.21 32.8
Weibull-2p - tall 0.16 26.4 0.16 28.1 0.15 36.2
Weibull-3p 0.20 26.7 0.22 29.6 0.19 37.8
Weibull-3p - tall 0.25 26.4 0.27 27.9 0.24 36.8
Target Xg s 12 18 24 30

Table 5.1 Saidica data (in MPa),

Table 5.1 summarizes the results for visua graded data. The results for tail fits correspond to using
30% of the data. It is seen that
the 2 parameter Weibull distribution gives the smalest COV (=0.15—0.16).
the LogNorma digtribution gives rather large COV’'s
the characterisic vdues are generdly much larger than the target characterigtic vaues (more
than 20%).
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5.2.2 Machine grading

5.2.2.1 Cook-Bolinder
Table 5.2 summarizes the results for machine graded data by the Cook-Bolinder machine. The e
aultsfor tall fits correspond to using 30% of the data. It is seen that
the COV isintherange =0.15—-0.22.
the characteridic values are amdler than the target characteristic vaues for the M24 grading and
close to the target vaues for the M30 grading.

M18 M24 M30

Number of data 1 29 209

Ccov X005 cov X005 cov X008
Norparametric 0.17 18.6 0.22 30.1
Normal 0.16 22.7 0.22 29.2
Normd - tall
LogNormal 0.18 22.7 0.22 312
LogNorma - tall
Weibull-2p 0.15 22.2 0.24 26.7
Webull-2p - tal
Weibull-3p 0.58 17.2 0.22 30.7
Webull-3p - tal
Target Xqgs 18 24 30

Table 5.2. Sdidica data (in MPa),

5.2.2.2 Computermatic

M18 M24 M30
Number of data

Ccov X005 cov X005 cov X008
Non-parametric | 0.21 18.1 0.18 27.8 0.19 35.0
Normal 0.18 27.0 0.19 349
Normd - tall 0.20 21.3 0.20 26.5 0.20 34.2
LogNormal 0.19 27.8 0.20 36.1
LogNormd - tal | 0.21 22.2 0.27 26.5 0.26 34.2
Weibull-2p 0.20 24.9 0.21 321
Weibull-2p - tal | 0.22 19.6 0.17 26.5 0.17 34.2
Weibull-3p 0.19 26.5 0.19 35.2
Weibull-3p - tal | 0.21 219 0.21 26.6 0.24 34.2
Target Xqgs 18 24 30

Table 5.3. Saidica data (in MPa),
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Table 5.3 summarizes the results for machine graded data by the Computermatic machine. The e
aultsfor tal fits correspond to using 30% of the data. It is seen that
the 2 parameter Weibull distribution gives the smdlest COV (=0.17 — 0.22).
the LogNorma digtribution gives rather large COV’s
the characteridic vaues are generdly larger than the target characteristic vaues, especidly for
the M24 and M 30 gradings.

5.3 Analysis of modulus of elasticity, strength and density — correlation

In this section results are shown for the correlation between the following materia parameters:
Strength s
Modulus of eadicity E

Density r g

5.3.1 Nograding

Strength s Modulus of Densty r ¢
Eladticity E
Number of data 239
Expected vaue 43.8 13 000 406
cov 0.25 0.19 0.09
r|s E| 0.84
risr S] 0.39
r [E, r s] 0.51

Teble 5.4 Saidica daa (in MPa).

5.3.2 Visud grading — T18

Strength s Modulus of Densty r ¢
Eladticity E

Number of data 80

Expected value 38.7 11 970 405

Ccov 0.20 0.17 0.09

r|s E| 0.77

rlsrg 0.52

r [E, r s] 0.62

Table 5.5 Saidica daa (in MPa).

5.3.3 Visud grading — T24

Strength s Modulus of Densty r ¢
Eladticity E
Number of data 106
Expected value 44.8 13 280 404
Ccov 0.23 0.18 0.08
ris Ej 0.85
risr S] 0.49
rlgr] 0.64

Table 5.6 Saidica daa (in MPa).

page 33 of 33



Statistical analysis of datafor timber strength

5.3.4 Visud grading — T30

Strength s Modulus of Density r
Eladicity E
Number of data 44
Expected vaue 52.9 14 800 415
CcoVv 0.20 0.15 0.08
r(s E] 0.69
r [s, r S] 0.46
r[E r ] 0.64
Table 5.7 Statigtical data (in MPa).
5.3.5 Machine grading — Cook-Bolinder M30
Strength s Modulus of Density r
Eladicity E
Number of data 209
Expected vaue 45.7 13 480 410
CcoVv 0.22 0.16 0.08
r(s E] 0.80
r [s, r S] 0.39
r[E r ] 0.56
Table 5.8 Statigtical data (in MPa).
5.3.6 Machine grading — Computermatic M24
Strength s Modulus of Density r
Eladicity E
Number of data 103
Expected value 38.5 11 720 394
COV 0.18 0.13 0.08
r(s E] 0.73
r [s, r S] 0.19
r[E r ] 0.44
Table 5.9 Statidtical data (in MPa).
5.3.7 Machine grading — Computermatic M30
Strength s Modulus of Density r
Eladicity E
Number of data 116
Expected value 50.6 14 700 420
Cov 0.19 0.14 0.07
r(s E] 0.71
r [s, r S] 0.36
r[E r ] 0.53

Table 5.10 Saidica daa (in MPa).
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There are some variation in the correlaion coefficients but generally the data indicates that

The correlation coefficient between Strength s and Modulus of eadticity E is 0.8
The correlation coefficient between Strength s and Dengity r ¢ is 04
The correlation coefficient between Modulus of dadticity E and Dendty r ¢ is 0.6

5.4 Tensile strength

5.4.1 Visud grading
Table 5.11 summarizes the results for visud graded data. The results for tail fits correspond to using
30% of the data. It is seen that

the 2 parameter Weibull distribution gives the smalest COV (=0.22 —0.37).

the LogNormad digtribution gives rather large COV'’s

the characteristic values are generdly much larger than the target characteristic values.

K12 T18 T24 T30

Number of data 56 108 42 11

cov X005 cov Xo.05 cov X005 cov Xo0s
Non-parametric | 0.37 10.3 0.38 13.8 0.32 19.2 0.23 18.9
Normal 0.36 9.2 0.37 111 0.31 19.2 0.21 30.9
Norma —tall 0.29 13.7
LogNormal 0.40 11.2 0.43 13.8 0.35 21.1 0.21 329
LogNormd - tall 0.46 13.8
Webull-2p 0.37 9.2 0.39 10.9 0.30 19.3 0.22 285
Webull-2p - tal 0.28 13.7
Webull-3p 0.51 10.7 0.38 13.0 0.31 20.9 0.27 345
Webull-3p - tal 0.33 13.9
Target X, o5 8 10 16 20

Table 5.11. Statistical data (in MPa).
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5.4.2 Machine grading

5.4.2.1 Cook-Bolinder
Table 5.12 summarizes the results for machine graded data by the Cook-Bolinder machine. The
results for tall fits correspond to using 30% of the data. It is seen that

the 2 parameter Welbull digtribution gives the smalest COV (=0.24 — 0.36).

the LogNormad digtribution gives rather large COV'’s

the characteristic vaues are generdly much smdler than the target characteristic values.

M18 M24 M30
Number of data 0 14 203
Ccov X005 Ccov X005 Ccov Xo05
Non-parametric 0.40 4.1 0.39 15.6
Normal 0.37 6.3 0.39 11.2
Norma — tall 0.26 15.0
LogNormal 0.42 7.6 0.40 15.2
LogNorma - tall 0.40 15.0
Webull-2p 0.36 6.6 0.40 11.7
Webul-2p - tal 0.24 15.0
Weibull-3p 0.38 75 0.39 13.7
Webull-3p - tal 0.29 15.0
Target X, e 10 16 20

Table 5.12. Saidica data (in MPa).

5.4.2.2 Computermatic

M18 M24 M30
Number of data 6 58 152
Ccov X005 cov X005 cov X008
Norparametric 0.25 11.2 0.33 191
Normal 0.25 11.8 0.33 16.2
Normd - tall 0.23 195
LogNormal 0.27 12.3 0.32 19.7
LogNorma - tall 0.34 19.3
Weibull-2p 0.25 11.2 0.34 154
Webull-2p - tal 0.21 194
Weibull-3p 0.25 12.0 0.32 194
Welbull-3p - tal 0.36 19.2
Target Xoos 10 16 20

Table 5.13. Saisica data (in MPa).
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Table 513 summarizes the results for machine graded data by the Computermatic machine. The
results for tall fits correspond to using 30% of the data. It is seen that
the 2 parameter Welbull distribution gives the smalest COV (=0.21 — 0.25).
the LogNorma digtribution gives rather large COV’s
the characterisic values are generaly smdler than the target characteristic vaues, epecidly for
the M24 grading.
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6 DatabaseF

6.1 Contents of database

Species Norway spruce and Scots pine (small amount)

Number of 1794

Specimens

Dimengons Ten samples of 8 different dimensions ranging from 34 x 70 mm to 70 x 220
mm

Origin The materid was collected from three mills in Sweden and one mill in Finland

Loading mode Bending

Qudity Normal run-of-mill qudity

Pre-grading None

Viaud grading None

Machinegrading | Machine grading to classes: M 18, M24 and M30

Grading machines included: Dynagrade

More information

[9]

Remarks

Remarks. The statistica andlyses are carried out for each sample separately and

for the totd sample with Sze- corrected strength values.

6.2 Bending strength
6.2.1 Machine grading

The data are divided in 10 parts, A — J. Tables 6.1 — 6.11 summarizes the results for the 10 parts and

for dl datain the different parts analyzed together. It is seen that

the 2 parameter Weibull digtribution givesa COV gpproximatdy equd to 0.20.
the LogNorma digtribution giveslarge COV's

the characterisic vdues are generdly cdose to or dightly larger than the target characterigtic

vaues.
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6.2.1.1 Part A-Dynagrade

M18 M24 M30

Number of data 17 85 50

cov X005 cov Xo.05 cov X005
Norparametric 0.25 259 0.21 31.8
Normal 0.24 253 0.20 353
Normd - tall 0.25 245
LogNormal 0.27 26.6 0.23 359
LogNormd - tal 0.35 24.8
Webull-2p 0.25 24.1 0.20 34.6
Webull-2p - tall 0.22 24.6
Webull-3p 0.24 257 0.20 36.2
Webull-3p - tal 0.26 249
Target Xqos 18 24 30
Table 6.1. Statigtical data (in MPa).
6.2.1.2 Part B-Dynagrade

M18 M24 M30

Number of data 25 109 65

Cov X005 Ccov X005 Cov X005
Norn-parametric | 0.20 18.0 0.28 222 0.26 314
Normal 0.19 19.1 0.27 19.9 0.25 30.5
Normd - tall 0.24 20.9 0.21 31.2
LogNorma 0.25 21.3 0.28 22.1 0.26 33.2
LogNorma - tall 0.34 20.8 0.30 31.1
Webull-2p 0.20 18.2 0.29 18.3 0.27 28.6
Webull-2p - tal 0.21 20.9 0.19 31.1
Webull-3p 0.19 19.7 0.28 20.7 0.25 331
Webull-3p - tall 0.26 20.8 0.34 31.2
Target X, o5 18 24 30

Table 6.2. Satisica data (in MPa).,
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6.2.1.3 Part C—Dynagrade

M18 M24 M30

Number of data 47 114 31

Cov X005 Cov X005 Cov X005
Non-parametric | 0.31 18.0 0.28 313 0.25 319
Normal 0.30 17.6 0.28 28.1 0.24 39.4
Normd - tall 0.23 29.8
LogNormal 0.33 19.8 0.29 313 0.28 40.8
LogNormd - tal 0.32 29.8
Webull-2p 0.31 17.2 0.29 26.3 0.24 38.3
Webull-2p - tall 0.20 29.8
Webull-3p 0.31 19.2 0.28 30.4 0.25 40.2
Webull-3p - tal 0.29 29.7
Target Xqos 18 24 30
Table 6.3. Statigtical data (in MPa).
6.2.1.4 Part D—Dynagrade

M18 M24 M30

Number of data 12 74 82

Ccov X005 cov X005 Ccov X005
Non-parametric 0.23 284 0.23 29.8
Normal 0.22 24.9 0.23 321
Normd - tall 0.28 23.4 0.26 29.2
LogNormal 0.31 23.1 0.25 33.1
LogNorma - tall 0.40 24.1 0.40 29.3
Webull-2p 0.24 22.6 0.22 31.3
Webull-2p - tal 0.26 23.8 0.25 29.2
Webull-3p 0.25 22.6 0.23 331
Webull-3p - tall 0.26 23.9 0.38 29.6
Target X, o5 18 24 30

Table 6.4. Stidica data (in MPa),
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6.2.1.5 Part E—-Dynagrade

M18 M?24 M30

Number of data 11 67 99

cov X005 cov Xo.05 cov X005
Norparametric 0.29 21.2 0.22 32.8
Normal 0.29 20.8 0.22 336
Normd - tall 0.26 20.6 0.21 33.2
LogNormal 0.31 22.8 0.23 351
LogNorma - tall 0.38 20.7 0.29 333
Weibull-2p 0.29 20.3 0.23 31.6
Webull-2p - tall 0.24 20.6 0.18 33.2
Webull-3p 0.29 225 0.22 343
Weibull-3p - tall 0.34 20.9 0.24 335
Target X, e 18 24 30
Table 6.5. Statigtical data (in MPa).
6.2.1.6 Part F—Dynagrade

M18 M?24 M30

Number of data 2 59 0

cov X005 cov Xo.05 cov X005
Nonparametric 0.19 25.3 0.22 315
Normal 0.19 259 0.22 322
Normd - tall 0.20 24.8 0.23 31.7
LogNormal 0.19 26.7 0.23 338
LogNorma - tall 0.26 249 0.32 31.8
Weibull-2p 0.20 24.3 0.23 30.0
Webull-2p - tall 0.17 24.8 0.21 31.7
Webull-3p 0.19 26.1 0.22 33.0
Weibull-3p - tall 0.22 25.1 0.28 321
Target Xqos 18 24 30

Table 6.6. Saidica data (in MPa),
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6.2.1.7 Part G—Dynagrade

M18 M24 M30

Number of data 18 79 59

cov X005 cov Xo.05 cov X005
Non-parametric | 0.21 20.5 0.26 255 0.19 37.3
Normal 0.20 22.1 0.26 24.3 0.19 36.9
Normd - tall 0.29 23.2 0.18 36.5
LogNormal 0.20 23.6 0.29 258 0.19 38.6
LogNormal - tall 0.43 237 0.24 36.5
Weibull-2p 0.23 20.0 0.27 22.8 0.21 335
Webull-2p - tall 0.27 235 0.16 36.5
Webull-3p 0.20 23.6 0.27 24.3 0.19 38.0
Webull-3p - tal 0.31 238 0.25 36.6
Target Xqos 18 24 30
Table 6.7. Satigtica data (in MPa).
6.2.1.8 Part H—Dynagrade

M18 M24 M30

Number of data 23 58 91

Cov X005 Ccov X005 Cov X005
Norparametric | 0.38 15.7 0.26 229 0.21 314
Normal 0.37 11.3 0.26 26.5 0.21 35.6
Normd - tall 0.29 314
LogNormal 0.36 15.0 0.31 27.0 0.24 36.0
LogNorma - tall 0.46 31.7
Webull-2p 0.38 114 0.24 26.5 0.21 34.4
Webull-2p - tal 0.28 315
Webull-3p 0.36 16.1 0.25 274 0.21 35.6
Webull-3p - tall 0.36 32.0
Target X, o5 18 24 30

Table 6.8. Satidica data (in MPa),
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6.2.1.9 Part |- Dynagrade

M18 M24 M30

Number of data 19 75 103

cov X005 cov Xo.05 cov X005
Norparametric 0.22 25.7 0.20 314
Normal 0.22 257 0.22 305
Normd - tall 0.20 25.3 0.20 31.2
LogNormal 0.23 26.9 0.21 33.2
LogNorma - tall 0.27 25.2 0.32 311
Weibull-2p 0.22 245 0.20 28.6
Webull-2p - tall 0.17 253 0.20 311
Webull-3p 0.21 27.0 0.20 331
Weibul-3p - tall 0.31 25.2 0.28 31.2
Target X, e 18 24 30
Table 6.9. Statigtical data (in MPa).
6.2.1.10 Part J — Dynagrade

M18 M24 M30

Number of data 44 99 55

Cov X005 Ccov X005 Cov X005
Norparametric | 0.25 21.1 0.23 25.0 0.21 26.2
Normal 0.25 19.1 0.23 257 0.21 323
Normd - tall 0.24 24.6
LogNormal 0.23 21.3 0.25 26.8 0.24 323
LogNorma - tall 0.35 24.7
Webull-2p 0.28 16.6 0.23 24.3 0.21 31.2
Weibull-2p - tall 0.22 24.6
Webull-3p 0.24 20.9 0.23 26.1 0.21 322
Webull-3p - tall 0.28 24.8
Target X, o5 18 24 30

Table 6.10. Satistica data (in MPa),
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6.2.1.11 All data - Dynagrade
M18 M24 M30

Number of data 218 819 725

cov X005 cov Xo.05 cov X005
Non-parametric | 0.31 21.1 0.28 24.6 0.23 32.6
Normal 0.31 15.1 0.28 22.8 0.23 33.2
Normd —tall 0.25 17.2 0.24 24.6 0.22 333
LogNormal 0.32 17.7 0.30 25.0 0.24 347
LogNorma - tal |0.37 17.2 0.35 24.4 0.32 33.0
Weibull-2p 0.33 14.2 0.30 20.9 0.24 30.9
Webull-2p - tal |0.23 17.3 0.21 24.6 0.20 33.2
Webull-3p 0.31 15.9 0.29 21.6 0.23 33.2
Weibull-3p - tal | 0.27 17.2 0.22 245 0.25 33.0
Target Xqos 18 24 30

Table 6.11. Saidica daa (in MPa).
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7 Database H

7.1 Contents of database

Species Sitka spruce

Number of Approximately 500

Specimens

Dimengons 43 x 173 mm and 37 x 103 mm

Crigin The materid was collected from Irish sawmiills
Loading mode Bending

Qudlity Normd run-of-mill qudity

Pre-grading None

Visud grading Visud grading at laboratories to Nordic T-rules [1]
Machinegrading | None

Moreinformation | [10]

Remarks

7.2 Bending strength

7.2.1 Visud grading
Table 7.1 summarizes the results for visud graded data. The results for tail fits correspond to using
30% of the data. It is seen that
the 2 parameter Welbull distribution gives the smalest COV (=0.16 — 0.21).
the LogNorma digtribution gives rather large COV’s
the characteristic values are generally larger than the target characteristic vaues, especidly for
grading T2.

T0 T1 T2 T3
Number of data 173 265 60 15
cov X005 cov Xo05 cov X005 cov Xo0s
Non-parametric | 0.34 14.8 0.23 21.2 0.19 314
Normal 0.34 12.1 0.22 20.7 0.18 29.0
Norma — tall 0.23 15.0 0.23 20.8 0.19 30.1
LogNormal 0.34 15.0 0.24 21.8 0.19 30.9
LogNormd -1 0.35 14.8 0.34 20.7 0.24 29.2
tall
Weibull-2p 0.35 11.9 0.24 19.0 0.19 28.6
Weibul-2p -1 0.21 14.9 0.21 20.8 0.16 29.0
tal
Weibull-3p 0.34 14.5 0.34 19.5 0.26 29.0
Weibull-3p -1 0.30 14.8 0.27 20.7 0.20 29.3
tal
Target Xq o5 14 18 24 30

Table 7.1. Saidica data (in MPa),
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7.2.2 Machine grading

7.2.2.1 Cook-Bolinder
Table 7.2 summarizes the results for machine graded data by the Cook-Bolinder machine. The e
aultsfor tall fits correspond to using 30% of the data. It is seen that

the COV is approximately 0.30, but tail fit with 2 parameter Weibull givesa COV=0.21.

the characterigic values are smdler than the target characterigtic values.

M18 M24 M30
Number of data 1 22 386
Cov X005 cov X005 cov X008
Non-parametric 0.33 16.0 0.29 27.1
Normal 0.32 14.9 0.29 24.2
Normd - tall 0.23 26.3
LogNormal 0.32 17.7 0.31 27.0
LogNormd - tall 0.34 26.1
Weibull-2p 0.34 13.9 0.30 23.1
Weibull-2p - tall 0.21 26.2
Weibull-3p 0.32 17.6 0.29 26.1
Waeibull-3p - tall 0.28 26.1
Target X, o5 18 24 30

Teble 7.2. Satidtica data (in MPa),
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8 Databasel

8.1 Contents of database

Species Norway spruce

Number of Approximately 500

Specimens

Dimengons 47 x 173 mm, 44 x 100 and 40 x 100 mm
Origin The materid was collected from French sawmiills
Loading mode Bending

Qudlity Normd run-of-mill qudity

Pre-grading None

Visud grading Visud grading at laboratories to Nordic T-rules [1]
Machinegrading | None

Moreinformation | [10]

Remarks

8.2 Bending strength

8.2.1 Visud grading
Table 8.1 summarizes the results for visua graded data. The results for tail fits correspond to using
30% of the data. It is seen that

the 2 parameter Welbull distribution gives the smalest COV (=0.19 — 0.27).

the characterigtic values are generdly larger than the target characterigtic vaues.

TO T1 T2 T3
Number of data 39 194 152 117
Cov X005 cov X005 cov X005 Cov X005
Nor-parametric | 0.36 13.2 0.29 19.7 0.24 24.9 0.19 33.1
Norma 0.35 13.1 0.29 194 0.24 27.4 0.19 36.6
Normad - tal 0.28 19.8 0.28 25.7 0.25 335
LogNormal 0.41 15.3 0.32 21.5 0.28 28.1 0.21 36.8
LogNorma - tall 0.45 19.6 0.43 259 0.35 33.7
Webull-2p 0.35 135 0.30 18.7 0.24 26.4 0.19 35.2
Walbull-2p - tall 0.27 19.7 0.26 25.8 0.22 33.6
Webull-3p 0.36 15.3 0.30 19.8 0.24 27.2 0.18 36.4
Webull-3p - tall 0.31 19.6 0.29 25.9 0.27 33.9
Target Xg o5 14 18 24 30

Teble 8.1, Satisica data (in MPa).
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9 DatabaseJ

9.1 Contents of database

Species Norway spruce

Number of 850

Specimens

Dimengons 45 x 145 mm

Crigin Swedish sawmill

Loading mode Bending, compression and tenson

Qudlity Normd run-of-mill qudity below average qudity of Swedish grown spruce of
5t appearance grade

Pre-grading None

Viaud grading Visud grading at laboratories to Nordic T-rules[1]

Machinegrading | None

More information

Remarks The specimens were tested at arange of moisture contents and the strength val-

ues subsequently corrected to the reference condition (65 % RH, 20 °C)

9.2 Bending strength
9.2.1 Visud grading

Table 9.1 summarizes the results for visua graded data. The results for tail fits correspond to using

30% of the data. It is seen that
the 2 parameter Welbull digtribution givesthe smdlest COV (=0.15 — 0.20).
the LogNorma digtribution gives rather large COV’'s

the target characteristic vaues are compared to the edtimated characterigtic vaues smdler than

for grading T1, amost equd to for grading T2 and larger than for grading T3.

TO T1 T2 T3
Number of data 13 109 78 78
Ccov X005 Ccov X005 cov X005 Ccov X005
Norparametric 0.22 22.0 0.23 25.1 0.19 26.4
Normal 0.22 214 0.23 22.9 0.19 284
Normd - tall 0.21 211 0.18 23.9 0.26 26.0
LogNormal 0.23 225 0.23 24.6 0.21 28.9
LogNormd - tall 0.30 21.0 0.24 23.9 0.37 26.3
Weibull-2p 0.23 20.0 0.25 20.8 0.20 26.5
Weibull-2p - tall 0.19 21.1 0.15 23.9 0.23 26.1
Weibull-3p 0.22 22.0 0.32 24.1 0.20 28.2
Weibull-3p - tall 0.28 20.9 0.22 23.9 0.30 26.6
Target Xq g5 14 18 24 30

Table 9.1. Saidica data (in MPa),
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9.3 Compression strength

9.3.1 Visud grading
Table 9.2 summarizes the reaults for visud graded data The reaults for tal fits correspond to using
30% of the data. It is seen that
the 2 parameter Weibull digtribution gives the smalest COV (=0.12 - 0.16).
the target characteristic values are smdler than the estimated characterigtic vaues, especidly for
gradingsT1and T2.

TO T1 T2 T3
Number of data 5 86 147 189
Cov X005 cov X005 Ccov X005 Cov X005
Nonparametric 0.17 215 0.14 25.2 0.15 28.3
Normd 0.16 21.5 0.22 19.6 0.24 21.8
Normd - tail 0.17 21.3 0.11 25.4 0.15 27.9
LogNormal 0.17 22.1 0.14 25.4 0.15 28.6
LogNormd - tall 0.22 21.3 0.13 25.4 0.19 27.8
Webull-2p 0.18 19.8 0.09 22.6 0.17 25.8
Webull-2p - tall 0.14 21.3 0.16 25.4 0.12 279
Webull-3p 0.17 214 0.52 21.6 0.15 28.0
Webull-3p - tal 0.18 21.4 0.12 25.4 0.17 27.8
Target X0 12 15 20 26

Table 9.2. Saidica data (in MPa),
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9.4 Tensile strength
9.4.1 Visud grading
Table 9.3 summarizes the results for visud graded data The results for tall fits correspond to using
30% of the data. It is seen that
the COV’sareintherange 0.25 0.27.
the target characteristic values are smdler than or equa to the estimated characteristic values,
especidly for grading T1.

TO T1 T2 T3

Number of data 6 54 47 32

cov Xo.05 cov X005 cov X005 cov Xo.05
Nonparametric 0.25 135 0.27 14.9 0.22 20.0
Normal 0.25 14.0 0.26 15.6 0.22 194
Normd - tall
LogNormd 0.26 15.1 0.28 16.9 0.22 20.7
LogNormd - tall
Webull-2p 0.26 13.0 0.27 14.8 0.25 17.2
Webull-2p - tall
Weibull-3p 0.25 14.6 0.27 16.7 0.22 20.6
Webull-3p - tal
Target X, 05 8 10 16 20

Table 9.3. Statisticd data (in MPa).
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10 Database K

10.1 Contents of database

Species Sitka spruce of Danish origin

Number of Approximately 700

Specimens

Dimengons 45 x 145 mm

Origin The materid was collected from two Danish sawmills
Loading mode Bending and tension

Qudlity Normd run-of-mill qudity

Pre-grading None

Visud grading Visud grading at laboratories to Nordic T-rules [1]. The highest grade T3 is not
produced; instead a combined grade conssting of both T2 and T3 is produced
and termed T2*

Machinegrading | None

Moreinformation |[11]

Remarks

10.2 Bending strength

10.2.1Visud grading
Table 10.1 summarizes the results for visud graded data. The results for tail fits correspond to using
30% of the data. It is seen that

the 2 parameter Welbull distribution gives the smalest COV (=0.20 — 0.22).

the LogNorma digtribution gives rather large COV’s

the target characterigtic values are much larger than the estimated characteristic values.

TO T1 T2and T3
Number of data 38 218 201
Ccov X005 Cov X005 Cov X008
Non-parametric | 0.27 16.9 0.24 24.4 0.22 29.1
Normal 0.26 20.9 0.24 235 0.22 29.3
Normd - tall 0.25 23.3 0.23 28.8
LogNormal 0.32 21.3 0.26 24.7 0.24 30.3
LogNorma - tall 0.36 234 0.32 28.8
Webull-2p 0.27 20.0 0.25 22.1 0.23 275
Weibull-2p - tall 0.22 23.4 0.20 28.9
Webull-3p 0.27 20.7 0.24 23.6 0.22 28.9
Webull-3p - tall 0.26 235 0.23 28.9
Target Xoos 14 18 24

Table 10.1. Satisica data(in MPa).
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10.3 Tensile strength

10.3.1Visud grading
Table 10.2 summarizes the reaults for visua graded data. The results for tall fits correspond to using
30% of the data. It is seen that

the COV isgenerdly intheinterva 0.17 — 0.25.

the target characterigtic vaues are much smaller than the estimated characteristic values.

T0 T1 T2and T3
Number of data 0 99 100
Ccov X005 cov X005 cov X008
Norparametric 0.25 16.6 0.18 235
Normal 0.25 17.1 0.18 23.9
Normd - tall 0.26 16.2 0.24 21.8
LogNormal 0.42 155 0.20 24.1
LogNormd - tall 0.42 16.1 0.34 21.8
Weibull-2p 0.25 16.5 0.17 235
Webull-2p - tal 0.25 16.1 0.21 21.8
Weibull-3p 0.36 16.7 0.17 24.1
Waebull-3p - tal 0.42 16.0 0.29 21.9
Target Xg 5 8 10 16

Table 10.2. Satistica data (in MPa),
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11 Reliability aspects

11.1 Stochastic model
The following representative limit state function is conddered:

g=2RXy- (1- a)G+aQ) (21)

here

=

strength

R mode uncertainty
desgn vaiable
permanent load
variableload

factor between 0 and 1, representing the relative fraction of variable load.

O OON X

In the rdiability analyses shown below the stochastic modd in table 11.1 is used. The coefficient of
vaiation for the srength, VR is established on the bass of the datistical results in section 2 to 10.
It is noted that the stochastic model in table 11.1 with VR =0.15 has been used to cdibrate the par-
tid safety factorsin the Danish structural codes, [13] and [15].

Vaiadle Didribution Expected vaue | COV Quantile vaue
type

Permanent load N 1 0.10 50 %

Variableload G 1 0.40 98 %

(environmenta 1oad)

Vaiable last G 1 0.20 98 %

(imposed |oad)

Strength LN 1 VR 5%

Model uncertainty N 1 0.05 50 %

Table 11.1 Stochastic moddl.

The design vaiable z=max(z,z;) is determined from the following two design equations from
established from load combination 2.1 (LC 2.1) and load combination 2.3 (LC 2.3) in DS 409, [15]:

LC 2.1 zR /g, - ((1- a)g, G, +angQc) =0 (22)
LC23: zR./9:- (1- 2)g, G, +ag, @ )=0 (23)
Whereindex c indicates characteristic value and

(o) partial safety factor for permanent load in LC 2.1

O partia safety factor for variableload in LC 2.1

Os3 partid safety factor for permanent load in LC 2.3

Oos partia safety factor for variableload in LC 2.3

Ok partia safety factor for strength

The partid safety factors used are shown in table 11.2. In DS 409 and DS 413 it is pecified thet g
=15and 1.64 for VR =0.15 (glulam timber structures) and 0.20 (other structura timber).

page 53 of 53



Statistical analysis of datafor timber strength

Partid safety factor
LC21 LC23
Permanent load g, =10 O, =115
Variable load (environmenta load) 9, =15 O, =10
Variable last (imposed |oad) g, =13 O, =10
strength Or=9

Teble 11.2. Partid safety factorsin DS 409, [15].

11.2 Reliability level for LogNormal distributed strength

Figure 11.1 and 11.2 show the rdiability index as function of a for environmental and imposed
varidble load for (VR,gg)=(0.15, 1.5) and (0.20, 1.64). For a in the typicd interval for timber
sructures, 0.4 to 0.8, it is seen that the average reiability index for VR = 0.15 is approximately 4.8.

This is ds0 the rdidbility level used in cdibration of the patid safety factors in the Danish sruc-
tural codes, see Sgensen et d. [16].

55 —
5.0 —
] VR=0.20
4.5 — VR=0.15
b -
4.0 —
3.5 —
30 T | T | T | T | T |
0.0 0.2 0.4 0.6 0.8 1.0

a
Figure 11.1. Rdiability index for environmentd load.

5.5 —
5.0 — VR=0.20
] VR=0.15
4.5 —
b -
4.0 —
3.5 —
30 T | T | T | T | T |
0.0 0.2 0.4 0.6 0.8 1.0

a
Figure 11.2. Reliability index for imposed load.
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11.3 Partial safety factors for LogNormal distributed strength

Figure 11.3 and 11.4 show the partid safety factor gy for environmenta and imposed load as func-
tion of a cdibraed to give the rdiability index b,=4.8. It is seen that gz=1.5, 1.6 and 1.7 are
reasonable valuesfor a intheinterva 0.4 to 0.8 when VR =0.15, 0.20 and 0.25.

2.0 —
1.8 \\\\\\\\________’ﬂ—___”_____vR:Q25
. VR=0.20
1.6 — \\\\\\‘~___~__”_,,,,—————~""’—_\/R:0J5
] \\\\_’/”’/”///,,———*”—_””/\/R=010
g
1.4 —
1.2 —
1.0 T | T | T | T | T |
0.0 0.2 0.4 0.6 08 1.0

a
Figure 11.3. Partid safety factor for environmental load and b, =4.8.

2.0 —
1.8 —
_ VR=0.25
1.6 — VR=0.20
_ \///VRZO.].S
9 \_/v R=0.10
1.4 —
1.2 —
1.0 T I T I T I T I T |
0.0 0.2 0.4 0.6 0.8 1.0

a
Figure 11.4. Partid safety factor for imposed load and b, =4.8.

Figure 11.5 and 11.6 show the partid safety factor gy for environmenta and imposed load as func-
tion of a cdibrated to give the riability index b, =4.3 (gpproximately one safety class lower or

equivalently a target annua probability of falure a factor 10 higher). It is seen that gz=1.3, 1.35
and 1.45 are reasonable valuesfor a intheinterva 0.4 to 0.8 when VR =0.15, 0.20 and 1.25.
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2.0 —
1.8 —
1.6 —

g il VR=0.25
1.4 VR=0.20
12 — VR=0.15
1.0 T I T I T I T I T |

0.0 0.2 0.4 0.6 0.8 1.0

a
Figure 11.5. Partid safety factor for environmenta load and b, =4.3.

2.0 —
1.8 —
1.6 —
g il VR=0.25
1.4 \’/VR:O.ZO
. ¥/VR=O.15
1.0 T I T I T I T I T |
0.0 0.2 0.4 0.6 0.8 1.0

a
Figure 11.6. Partiad safety factor for imposed load and b, =4.3.
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11.4 Reliability level for Weibull distributed strength
Figure 11.7 and 11.8 show the rdiability index as function of a for environmentd and imposed
variable load for (VR,g,)=(0.15, 1.5) and (0.20, 1.64). It is noted that the statistical parameters in

the 2-parameter Weibull digtribution is cdibrated such that the same characteristic vaue as for the
LogNormal didributed strength is obtained. For a in the typicd interva for timber structures, 0.4
to 0.8, it is seen that the average rdiability index is gpproximady 3.9 for VR=0.15, i.e. signifi-
cantly lower than for LogNorma distributed materia strength.

55 —
5.0 —
45 —
b . VR=0.15
4.0 VR=0.20
3.5
30 T | T | T | T | T |
0.0 0.2 0.4 0.6 0.8 1.0

Figure 11.7. Rdiability index for en@ironmentd load.

55 —

5.0 —

4.5 —

b _

4.0 — VR=0.15
T VR=0.20

3.5 —

3.0 T | T | T | T | T |
0.0 0.2 0.4 0.6 0.8 1.0

a
Figure 11.8. Reliability index for imposed load.
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11.5 Partial safety factors for Weibull distributed strength
Figure 119 and 11.10 show the partial safety factor gy for environmental and imposed load as
function of a cdibrated to give the rdiability index b,=3.9. g, is seen to be approximately equa

to 1.5 (as expected) when VR = 0.15, but gy should be sgnificantly higher than 1.64 when VR =
0.20 in order to obtain the samereliahility leve.

2.0 —
1.8 —
1.6 —
g 4 VR=0.20
1.4 —
] VR=0.15

1.2 —

VR=0.10

1.0 T | T | T | T | T

0.0 0.2 0.4 0.6 0.8 1.0

20 7 \
T VR=0.20
1.8 —
1.6 —
g _
VR=0.15

1.4 —
1.2 — VR=0.10
1.0 T | T | T | T | T |
0.0 0.2 0.4 0.6 0.8 1.0
a

Figure 11.10. Partid safety factor for imposed |oad.

11.6 Summary of reliability level / partial safety factor aspects
The above results show that

the rdiability leve is goproximately equa to the rdiability level used in cdibraion of the par-
tid safety factors in the Danish sructurd codes if the materid drength is LogNormd distrib-
uted with a coefficient of variation, VR =0.15.

partial safety factors g;=1.6 and 1.7 are reasonable values when VR = 0.20 and 0.25 and the
srength is LogNormal distributed.
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If the religbility level is chosen to b, =4.3 (approximetely one safety class lower) then partiad
safety factors gz=1.3, 1.35 and 1.45 are reasonable when VR=0.15, 0.20 and 0.25 and the
srength is LogNorma distributed.

If the materid drength is modded by a 2parameter Welbull didgribution cdibrated such that the
same characteridic value as for the LogNormd distributed strength then the average reiability

index is gpproximatdy 3.9 for VR=0.15, i.e. sgnificantly lower than for LogNorma distributed
materid strength.

Udng b,=39 for Weibull distributed strengths it is seen that the partial safety factor gg should
be sgnificantly higher than 1.64 when VR = 0.20.
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12 Summary / Conclusions
Following the results presented in this report the following observations can be made:

2-parameter Weibull (and Norma) digtributions give the best fits to the data avalable, espe-
cdly if tal fitsare used.

LogNorma didribution generdly gives a poor fit and larger coefficients of variation, especidly
if tall fits are used.

Bending strengths gpproximately have a coefficient of variation, COV equad to 20 % if 2-
parameter Weibull tal fits are used. If a LogNormd digtribution is fitted then the COV is ap-
proximately 25%.

Tenson drengths approximady have a coefficient of variaion, COV equd to 25 % if 2-
parameter Weibull tal fits are used. If a LogNormd digtribution is fitted then the COV is ap-
proximately 30%.

Compresson drengths approximately have a coefficient of variation, COV equa to 15 % if 2
parameter Weibull tall fits are used. If a LogNorma digtribution is fitted then the same COV is
obtained.

It seems thus reasonable to introduce different partid safety factors for bending, tenson and
compression strength.

COV genadly decreases for higher strength classes
Thereis no Sgnificant difference in COV’s obtained by visua grading and machine grading.

Characterigtic values (5 % quantiles) varies ggnificantly compared to ‘target’ values. Generdly,
visud grading gives larger edtimated values than target vaues and Dynagrade meachine grading
gives dightly larger edimated vaues than target vaues. Grading by the Cook-Bolinder and
Computermatic machine gives lower estimaed vaues than target vauesAlthough influenced by
dimensons and grading speed, the latter results warrant a reconsderation of machine settings,
paticularly for thin dimensions.

The rdidbility invedigations show that if the same rdiability levd is used as in the Danish
structural codes from 1998, then partid safety factors g, = 1.5, 1.6 and 1.7 are reasonable val-
uesfor COV = 0.15, 0.20 and 0.25 when the strength is LogNormal distributed.

If the strength is modded by a 2-parameter Weibull digtribution then the rdidbility levd is g
nificantly lower. Higher partid safety factors has to be used for COV’s equd to 0.20 and 0.25
compared to those for LogNormal distributed strengths.
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