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1. Introduction

Structural components made of timber are being designed by adopt-
ing the hitherto prevailing admissible stress method /9 / and

the 1limit states method.

The design according to the limit states method has been accom-
plished in compliance with the draft of the new GDR Code (TGL

33 135/04 E 89; see /1/) which was largely approximated to the
Eurocode 5, B. 10/87 (see /2/).

The components designed by adopting the above-mentioned methods
have been subjected to a reliability-theoretical analysis. The
calculation (design) covered the safety index fg.

2. Dimensioning of the components

The studies and investigations are being carried out by using
three components made of quality grade (GK) II sawn coniferous
timber (WSH) with the strength grade C 5 according to /2/ which
are being exposed to different types of stressing (loading);

they are being designed by applying the admissible stress method
and the limit states method (see Figure 2).

The celculation is being performed according to /%./ and /1/

for two girders subjected to bending and one eccentrically loaded
compression member. The applied characteristic actions (dead
load g » use load Py» Snow load Sies wind load wk), 1oad'faotorsa”
and combination factors Hf can be seen in Figure 3.

The characteristic actions are being applied with both the ad-
missible siress method and the limit states method.

When designing the components by means of the limit states me-~
thod, the factors being selected are 3}1= 1.4 as the material
factor and Kmod,1 = 0,9 as the modification factor concerning

the "period of action". The characteristic values of the strength
(characteristic indices are 5%-fractiles from test data obtained
with the application of the 3-parametric Weibull distribution)
end of the modulus of elasticity can be drawn from Figure 1 for
quality grade II sawn coniferous timber (NSH GK II).
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Figure 4 includes the check requirements (conditions) end the
percentages of utilization of the admissible siresses and of

the design values of the strengths for the two design methods.
One can see the small consumption of timber when applying the
limit states method in the case of the individual examples A
and B (girders subjected to bending !). With the example C (fle~-
xural compression member 1), no economic advantage resulting
from the application of the limit states method can be deter-
mined.

3. Result of the reliability-theoretical investigations

The components indicated in Figure 2 are being subjected to a
reliability-theoretical investigation which is being accomplished
according to the first-order reliability theory.

The investigation into the influence of the random scatterings
of loeds and strengths on the safety and reliability of a load-
bearing system is the content of the reliability theory.

In this connection, the prevailing safety level is characterized
by the safety index ﬁ’ or an equivalent operative failure proba-
bility P, (see Pigure 5). In the reliability theory, loads and
strengths sare being represented as random (accidental) quanti-
ties Xi +). Subject to the acéident, a random quantity can adopt
various values.

Figure 5 shows distribution densities f (Xi) and the limit state
equation for two transformed random quentities Xi‘

Up to 7 rendom quantities are being applied in the calculation
and design of the components.

Thus, a T-dimensional space is available in which each random
quantity X; with its distribution function end distribution den-
sity are distributed at random.

The first-order reliebility theory is characterized by the fact
A
that in the design point P #(see Figure 5) the distribution

+) In the authors' instance, the random quentities Xi are as
follows: &, Pqs Pps S5 Gy Cs f (see Figure T).
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functions of the random quantities are being approximated by
normal distributions.

The calculation procedure is the content of the “"Beta 10" com-
puter program (see Figure 6).

By means of said program, approximate values of /9 and Pf are
being computed for an arbitrary limit state with stochastically
independent random quantities which (i.e. the limit state) is

to be entered as a special subprogram. Various disribution func-
tions (normal distribution WV, Weibull distribution WV, logarith-
mic normal distribution INV and others) can be taken into con-
sideration.

The program is computing the failure probability according to
the normal tail approximation.

The distribution densities of the loads are being drawn from /5/
taking into account /6/ (see Figure 7).

The distribution densities of the strengths are being determined
according to /7/ (see Figure 7).

The conversion of the loads into stresses is being accomplished
by means of the cross-sectional values which are resulting from
the dimensioning (design) for f;k = zul & (admissible stress me-
$hod) and for Gy = £y ©) (limit states method).

A
The 1imit state equation (see Figure 5) é = % -6 will bve pre-
paered for each component and includes up to 7 random quantities
(see Figure 8)

The reliability-theoretical design (calculation) produced the
following results:

(a) The emount of the safety index ﬁ is in the case of the design
cross section for ka = zul § :
ﬁ3== 2.5 up to 4.7 (see Figure 9)
and for ffd = fd 5
fg = 2.5 up to 3.5 (see Figure 9).

+) f;, is the stress from the characteristic values of the loads
Efd is the stress from the design values of the loads
T4 is the design value of the strength



One can see,that the safety index required for all construc-
tion methods _.B¥ 3.5 of the reliability grade III accord-
ing to /8/ is lower with part of the investigated timber com-
ponents.

The safety level for the design (dimensioning) of Efd = fd
(1imit states method) is below that of the design of €§k =

Zu16‘ (admissible stress method).

Within the range of [gé 3.5, the shortfell amounts to O up
to 19 % and is thus still justifiable.

(b) The amount of the failure probability Pf is in the case of the
design cross section for ka = zulcs’

Py = 0,001 ° 10"3 up to 6.3 10"3 (see Figure 9)

Pe 0.3 10"3 up to 6.1 ° 10"3 (see Figure 9).

I

One can see that the failure probability required for all con-
struction methods erfPf = 0,23 * 10"3 of the reliability grade
TIT according to /8/ is being exceeded with nearly all inves-
tigated timber components.

(c) The design cross section for G;d = fd in compliance with the
1imit states method is based upon the material factor of

Yo = 144

The results as shown in Figure 9 are largely dependent on the
distribution densities of the loads. They are being revised
at present. Thus, the results described hereinbefore are only
initial orientation data.

4., Summary

The following three timber components are being investigated in
terms of the reliability theory:

A) purlin of en industrial building
B) intermediate floor beam of an office building
¢) wall frame post of an office building.
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In this connection, the design cross sections from the check re-
quirements (conditions) of €;k = zuléS’ end €Yd = fd are being
assumed. - -

The safety level prevailing with €Fd = £y (1imit states method)
is still justifiably below that prevailing with Gfk = zul€§(ad"
missible stress method). The safety level for the admissible stress
method is in the case of the investigated timber components in
part lower than that of other construction methods. The results
and Tfindings cannot be generalized since only a few application
examples are available,

With the distribution densities of the loads exercising a consi-
derable influence on the results and findings, the same shall be
regarded only for information and orientation purposes.
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coniferoun bLlmber
Sressing Sourge bwan sbtructural blmbor Jglued Tondinated Limbor
qunlity prade grade
1 | 1T 1)1 1 l 2 3
Strength grade .acc. to Burocode 5 /2/
C 6 c5 C3 c6 c5 c4
test )| 29,6 |26,4 | 23,9 | 27,9 |28,1 | 27,0
bending |fm,k Buroc.? 28,5 |24 19 28,5 |24 21,5
specif. 28,5 |24 19 28,8 |24 21,5%)
test 22,7 | 13,1 Ty —— - —
tension |f, ol Euroc, 17 14,5 11,5 e — ——-
?
specif, 17 14,5 Ty 1 - - S
test e 1454 - ——— oem ———
tensionojn
key-dove«f EBuroc. - ——— - e -
tailed tok
timber
specif,| === 14,4 ——— 14,4 4,8 14,4
test 22,3 |20,4 18,5 ——— —— ——
compres-~|f Buroc, 26 21,5 1745 ——— - ——
sion epik ' '
specif. 24 21,5 17,5 24 22,3 24
test 8600 7600 7200 10100 9700 9500
bending Eo K Buroc. 8550 7440 6650 8550 7440 7095
H
gpecif.| 8500 7500 6500 8500 7500 8500
test 12300 11300 10500 | 11500 10800 |11000
bending Eqmear Euroc, | 12000 }11000 9000 { 12000 {11000 {10000
specif 12000 {11000 9000 | 12000 {11000 {10000

Figure 1: Gharacteritic values and mean values of the stirength and

of the modulus of elasticity,in N/mm®



Footnotes

to Pig. 1:

1) values from test acc. to /34 end /4/

2) Values

from the Eurocode 5 acce. to /2/

3) Values from the TGL  Gdr Code Specification acc. %0 /1/
4)Grades of glued laminated timber:

Grade 1:

Grade 2:

A1l layers consist of sawn coniferous timber (NSH)
of the guality grade (GK) II.

The staggering between the Key-dovetail connections
(KZV) is always = 250 mm

External layers within the range of 1/6 of the
girder depth consist of NSH GK II,internal layers
of NSH GK III.

KZV = 250 mm is found only in the external layers.
All layerssconsist of NSH GK II with KZV = O=

= 24 L2



Example Component | System

'Our([n o/’ an | 9
A industrial buil- [
aling 7—/% f%/}
L 1=6000
' a=2400
_%_§ NSH GKI
490
2 g
intermediate {loor
| |
B beam of an aw AN
o['f/'ce bu[édfn\g ! Sl !’
a=600
17 ST NSH GKIL

wall {’mme H/\E__—
C post of an

ofﬁte bLﬁZd//‘)g NSH GKT &
BN E
Joo, a=1200

F igura Z: A pp[/'ca{/‘on exa mp/es




Applica tien example

Loadin
I A 8 C
K KN KN
. po7 KN - KN - KN
vond tonq | 9K O Tm | IKT 0P T I 47 2
X = 4,4 f b /,,/’ f = //’4
p,(=2,75—’(-’—\—’ pr= 2,75 L4
use load m?< m
= A% yo= A%
v =09
SK-:;(SC-SOIK 5K=K.SC50/K
snow Lload = A-14-05 = 1,010,630,
_ KN _ N
= 05 > = 0,145 LL
= ;o= A%
f /’,4 'UJ = Ollg
Wy = C - ?01/(
wind Lload N
- 0,55 13
o= 12
v = 09

Combination of the actions in general :

54 = TG' Gy + >V, - 50/"' Q,i

with Gu=g (here as related to the ground area)

ak,/’ Pk )k » Wk

F/ﬂure 3 .  Characteristic actions

[ oad and combination 7facn’Ors




Admissible stress method

Limit states method

acc. to /97 acc. to /1/ & /2/
e R
. 0@ . O
Example |check tequirement | ¢ check requirement £y
£3 53
S3 R4
N4 S €
S 3§
3 3 3J 9o
G £ admissible Oy Go % {md
A N 96 N 81%
9,6 < A0 " 12,5 < 15,4 2
G < admissible Om Ga = fmd
8 94 % N 805%
94 < A0 924 < 54 T
admissible GC,D' A . 1 fec.o.d
w:Gc +admissib(e Gm Gm Ke 6’C',d + km fm,d
=< admissible GC,O : Gmld — ‘/’C/0,0(
C 9924 99 7%
56 +4,3 =353 79 + 58 = 137
N
< R . S
< 40 N 138 < m2
mm?2

Figure 4

Check requiremenfs




A A
X = f
P5-4—-P’[~

)

RS
\ ,,sss

Lines of equa/ distribution a’ensi{/

Meanings -
Py probability of Ssurviyal
GA irans/’ormzd random 7uanf/'/)/ of the stress

= 6 - G mean

G = standard deviation
6

G
gmean mean value

f trans,[’mmed random guanfiéy of the strength

d f- fm@an ; Sy stanclard deviation

{’ =

se (
{mean mean Vvalue

_ {'mean - 6 mean

/3 54’/226)/ index ﬂ’ V— 5{2 N 562 7

Fiqure 5 Representation o the safely index and
9 ar/’Pt’/;e ,[’a,'(ure p/;obab/'éi,{/;/ Pf far /g random

quanh‘c’ie;.



f/

Computation
of the failure
probability
according to
the normal
tail approxi-
mation

Fl'gurz 6 7 Beta 10° Com/oufer program

Selection o/’ the
/ Limit State equa.-

/ tion

Entry of the den-
/ srit )/)/ distributions

Computation of the

/mean value and stan-

daro cleviation of the
normadlly distribuled
alternale [’uncé:'on

fm’ry of the Kera-

tion (imits

Jteration procedure

~a according to the

normal tail approxi-
mation

[}
[

t

Computation of the
Limit  yalues of the
Limit  stafe equa-
tion

Program  structure

Computation of the
mean value and

y standard devia-

tion of the nor-
mally clistributed
alternate function

Computation of the
distribution density
ano  distribetion

\funci/'on of the

normal distribu-
tion




Appéicazf/on example
Random gquantit
ety A 8 c
KN KN KN
- 027 — . L2 - BN
deod load 9mean 027 m2 Y9mean 17 m2 Imean 2% m
ng = 0,1 vg = 01 ?f3 = 0,1
Long - fime Pa, mean=073 2 | P1,mean 0752
use load .
UP,' = 0, 47 'prd 0,4.7
. o N KN
iﬁgrﬁé;agma P2 mean= 2% 2| Pz,mean 1243
Vpg = 09 VFQ = 0,9
KN - KN
snow [oad Imean” 9° "1 S mean= G5 "z
V_s' = 0/2 Vs = 0,2
KN
dynamic Gmean™ 0,738 7
pressure
Vg = 0,21
aerodyna- € mean *
mic coe{‘-
/;Clenf VC = OI/,
- N - N N
vy - 0,27 7/',(’ = 017 vr- 0,18
Kmod, 1 * 0,9 Kmod,4 <09 /(mod,d = 09

Meanings :

X mean = mean value

Fz_‘gure ¥

Vs = variatjon Coe{f}'c/en/

Distribution clensities of the loads and 5£ren£{hs



Example

Limit stafe equaf/'on

9rc fm Kmod,*f - (Gm,g + Gmls)

g = {m- Kmod, 1

- (6mg +Cmpa * G mps2)

g - y[’C,O ' /(mod,/l - (65,0,9 + 5C,o,p4

+GOcro,ps * Gcos * Omw: c)

Mean ings :

Fzﬂure 8:

Distribution density Of the S&enﬂéh. The distribution
density s characterized by the mean value apd
var/ation coe/;“/'z/'eni (see r’:/gure 7).

Oistribution density of the stress due to the loads

9 Pai P2, W ( see F{gure 7).

Distribution densily of the aaroc/)/namic coefy. i zient.

Limi state e7uaf/'on5




Number Design cross section Design cross section
of the for ' or
Example | random Gx = admissible G Gd = {d -
quan{i{ies
2] P, A,
(-) ( -{; (-) ( -’f)
A 3 47 | 0001 102 | 345 | 028 10”2
3 4 315 | 0829 - 1073 | 264 | 449 407%
C 7 2,5 626 - 40°| 251 6,06 40"
F/'jure 9: Caleulated values of the Safety index Yej

and of the {alure probability fr.
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