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s with nailed connections /17/, as to
essed members /9/, /14/, /22/,

concerning the compressive strengtih of structural dtimber /15/,
as to the creep behaviour of structural timber /16/, end con-

cerning the adepitstion faciors as to "egzgressive medis" /11/,

£

Furthermore, the latest publications were reviewed and
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he standard values of the flexural strength of glued lemina-
ed tlﬂber, into the influence of the key-dovetail skew notch

nzgth of glued laminated timber, and into
the tensile strength of key-dovetailed layers of timber boerds
T £

have been performed., The results and findings of said investi-
getions including a swmary of all other results and findings
are provided in reference /5/.

The hitherto existing draft code /1/ has been further im-
proved.

L comparison of the improved draft code with the interne-
tional trend shows that it complies widely with the ISO dreft
specification /23/ concerning the designations, the grades of
moisture, the grades of load duration and with regard to the

conditions prevailing for the experimental determinat
the strength parameters of structural timber, glued laminz
timber and connections (fasteners).

The great number of tests and experiments performed with a
view to scientificelly establishing end consolidating the
timber design code was effected in accordance with the stan-
derd recomnendations as prepared by RILEL/CIB concerning the
testing- of structural tlmber and connections.
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ollowed, The adaptation factor as 1o "10“9~ue*n behaviour"
een determined in accordance with the faciors applied by
the IS0 Code and the Eurocode /25/, with the influence of ihe

formed with beams when suogeczed to beqdﬁng /2/

The adaptation fazctors as to "cross-sectional height" and
"eurvature of timber" were obtained in accordance with the
Swiss Code. In spite of the fact thabt the results and findings
of our own tvests and experiments performed with glued lamine-
ted depths ranging between 192 mm and 900 mm

e,

ed vimber beams with
5 % quantile ~ did not show any decresse

- as related to the
in svrength /3/, for the time being the proposed adeptati

factor for the cross~sectional height will not be chan

O
[

g
adaptation factor for azgressive media considers mainly

resules and findings obtained from comprehernsive invest

in the GDR.

t d with a view

e
to preparing a special standard specification (code) concern-
ing the analysis of the structurel state of re peir, the calcu-~
lation (design) end restoration of historical timber struciures
/6/. Essentisl Ffundamenials for such a code are included in
the papers as mentioned under /i1/ to /13/ and /18/ %o /21/.

the besic values of the design strength end of the moduli
of eiasticity are being obtsined from the 5 % cuentiles sccord—
ing o the Formulae (1) and (2) as follows :-
R:f“' 1{4‘
7o ° G
R% = & (1)
&/‘m,o
Ii o s
'”',,‘ '3 Lo
20 - 22 L (2)
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ky = time Tactor = 0.75 with tension. across the grein, shear
giress in the 1limit state of the loasd-
besring cepacity for structursl timber
and glued laminstsed timber
ky = time Tactor = 0.85 with bending end compressive stress
and strain (escross end parellel to tae
grain), tensile stress and siraln pe-
rallel Yo the grain in the limit state
of the lozdbearing capacity for siruc-
turcl timber end glued laminated vimber
X:n,o = 13 W%t“'bendipr end tensile stress and
strein (ecross end parsllel tTo the
grain, shesr stress and strain for
structural timber end glued laminated
timber
.
th,o = 1.1 with compressive siress and strain pa-
rallel to end ecross the strain in vhe
. .y

1imit sieie of the loadbearing capacliy
for struchiural timber and glued lemine-
ted timber

to the influence of the load
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s i
h styucturel timber and glued lami-
d timber are not yet completed, the time Tactor k, was
e e with the reviewed and eveluated in-
astional stetus. In this connection, meinly the standard
recormendations included in /23/ and /24/ have heen followed.
terisl factor was obtained from a comparison with the
of permissible stresses and in accordence with the re-

The ma
method

viewed internationsl publications. Additional investigavions
s are planned.

to be performed on a probabilistic bes
S 1uded in table 1 are based

a

)

e

B3

8]
o

The calculated besic value
on the stendard values as indicated in /2/.

e ] e - O — o q T " T o U S ot s ———— o S o W — - T o e .

81n,1 covers the influence of the magnitude of loading, du-~~
ration of lozding, moisture of timber end temperatiure. As com-
pared with /1/, the nunber of time grades has been increased
from 3 to 4 (with time grade D applying to instantaneous load
sction — see table 2 b). The grouping into time grades subject
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to the possible load combinations is represented in table 2 c.
The tables 2 4 and 2 e are indicating the values of 32“1 for
the limit state of the loadbearing capacity and for the 1imi?
state of the usability.

2.3, Adaptation factor as_$o "cross-sectional height! X%n 5
““““““““““““““““““““““““““““““““““““““““““““““““ ——— ilig

X; o is included in table 3 which has not been changed as
3
compared with /1/.

2.4, Adaptation factar as to "curvature of timbex®
"""""""" i e o s o B B g A S S S R A S0 S8 S 0 S ORGSR e m S m— m’ 3

1.

3 is included in teble 4 which has not been changed es
d

e s S v s o e s Ui i s G S T A o T o W S O o S Sy . S Y S ey Vo - — - -~y . S S — b W

Investigations recently performed by Erler as indicated in
/11/ and /13/ resulted in an improvement of the recommendation
included in YAVE gﬁﬁ’4 is given in the tables 5a to 5e subject
to 3 stress degrees and to the cross-sectional size. The stress
degrees are obtained from the grouping of available aggressive
media (gases, solutions and solids) into ranges of aggressi-
vity. With gases end solids, the grade of moisture must be
considered when grouping then.

‘Jhen producing glued laminated timber, individual uniformly
distributed layers of timber boards have been sampled fronm
which test specimens subjected to tensile stress emd strain
(sized 10 by 70 by 550 mn - see figure 1) with and without
key-dovetailing were menufactured.

{/ith mechanically sorted layers of timber boards, 6
kave been performed covering 20 To G3 specimens each (sse
tables fa to 64). Visually sorted layers of boards represen-

-

tins the quality grades I to IIT according to /26/ were sub-



jecved to 3 tesgts covering 21 to 96 specimens each (see tables
Ta and Tv).
The tests have been accomolished in the standard condition
as follows :-
~ temperature of 2000,
~ molsture of timber from 8 to 13 %,
~ test duration from 3 to 5 minutes.
standard velues are the 5 % quantiles of the thres-pera-
ric Weibull distribution according to /27/. The results
end findings ere shown in the tables 6a, 6c end Ta.

h

+Hl

e
R
v
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e

To en extent of 78 % of the test specimens with key-dove~
tailing, the failure occurred within the zone of the key-dove~
teiled connection whereas the specimens without key-dovetailing
failed in the cross sectlons with large knot areas.

Layers of timber boards without key-dovetailing have a
tensile strength being in part very much higher than that of
key~dovetailed layers of boards. In addition, the tensile
strength of mechanically sorted layers of boards (without
key-doveteiling)considerably exceeds the values obtained for
visually sorted layers of timber boards. Analogous results
are achieved with regard to the moduli of elasticity of lay-
ers of boards withoutv any key-dovetailing. The values for
the tensile strenglh of key-dovetailed layers of boards cor-
respond to international values stated by ILarsen /28/, Ehlbeck

and others /29/.

e s S et e e e i o G S W ok S Bt vt Sk e o s e it s et s Gt i St et s s ot s s B ey B o ot Pt s Y T S e B P B ot vt St et S e oo ot o o s

- oty S 2, s i e s i, D e Gt i, s e i T ot e, e Wy T Wi, W Bt s St o B Gt S Bt P S an e S Sl

Girders of glued lamineted timber (hereinafter sometimes
referred to as GLT in English or as BSH when abbreviasted in
German within figures and/or tables) are being produced the
layers of boards of which were sorted mechanically (see figure
2). The GLT (or BSH, respectively) cross sections correspond
to those incIuded as BSH 4 and BSH 6 in table 8. The botiom
layer within the {est zone - abbreviated in German as PB (sece
figure 3, layer 1) ~ was provided both with and without key-
dovetailing (abbreviated in BDermen as XZ). The key-dovetail
skew notching (abbreviated in German as KZV) between the first
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end second layer amounts to 250 mm whereas with all other
layers it is at choice. The key-dovetail length (abbreviated
in Germen asg K2L) amounts to 50 rmm with these connectilons.
7ith a view to providing a zone being free from transverse

-

~

forces, a four-point loading has been selected for the test
design and arrangement of the GLT girders. In order to avoid
shear (diagonal tension) failures, an analysis of investiga-
tions performed by means of structural timber results in ob-
taining a ratio of 22 concerning the bending stress to shear
stress, and in obtaining a ratio of 15 concerning the effective
span %o test-specimen height for a shear influence of about 6

3

ser cent. Thus, the length of the test zone is obtained as

'}

K

h (see Tigure 3).

r\

BJ comparing the tests accomplished with and without ke
vetailing in layer 1, statements can be made concernir
2

I+ d‘?

effect of the key-dovetailing on the flexural sitrength o

3

ned laminz=ted timber (see table 9; comparison of test Bl

D)

vith B2 and B3 with B4). Among other data, average value
1

e values and 1 % quantile minimum values of the

._5

tre”gtq end of the hoaUWus of elasticity in bending
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()
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for the GLT girders are being indicated. The values are de-
~parametric Weibull distributions. The results

end findings one can state are as follows :-

1. 4s %o their magnitude, the minimum values of the flexu-
r2l strength end of the modulus of elasticity in bending cor-
respond to the 5 % quantiles (see table 9; comparison of
I . witl , and of & . with E_' -

n,nin “11%35% = m,min “_,‘”>
2. Flexurel strength and modulus of elasticity in bending

ere increasing with an improving quality of glued Jamineted
timber (sse table 9: B4 compared with B2; B3 compared with
31). Thus, the amounts of the increase in strength for the
standard value of R = Rr =7 @re with: BSH H 6 (test B4) as
compared with BSH 4 (test B2) equel to 43 %; BESH 6 (test 33)

L
v
3 ) E p - 4 (RO o
a3 compared with B3H 4 (test B1) equal to 42 %, The zuounts

of the increase in the modulus of elasticity in bending forx
. ~ n =3 - — -
the standerd value B i vith: BSH 6 (34) as con-



with BSH 4 (B1) ecuel to 16 %, One can see that the anounts
of the increase in flexzural sirengsth and modulus of elasti-
city in bending with en improving quality of GLT in case of
the girders withoult any key-dovetailing (tests B4 and B2) arxe

nearly equal to those prevailing in czse of T
key~aovetalllng tests B3 end B1).

L

3. The tegsts performed by means of BSH 4 without key-dove-
teiling in layer 1 of the test zone (see table 9: test B2)
result in increased strength values being higher by 12 % for

r g

R“ 52 as compared with those tests accomplished by means o
etail

GJT Wﬂuh key-dovetailing (see table 9: test B1). The tests
performed by meens of BSH 6 without key-doveteiling (table S:
B4) result in increased strength velues being higher dy 11 %
for Rm 5z 88 compared with those tests accomplished by means
of GLT with key-dovetailing (table 9: B3). Thus, the key-

.

(4

dovetailing has adverse effects on the flexural strength of

GLT (BSH) girders.

4, ailure of the GLT girders is initila
ture of the Tirst leyer in the key-dovetalling area
extent of sbout 80 % and in the layer cross sectiion with larg

-

ne

M

knots to an extent of about 20 % only.

—-.————o-———--— o s o e ....——-.-.—.—._...-.——.—.—.—._..—---.._..—

14 GLT girders have been selected the key-dovetall ske
notching of which between the first and second layer (uneq
counted from the boitom) amounted to O up o 8CO mm; during
the tests, the failure occurred always in the key-dovetall-
ing of the first layer. The influence of the key-dovetail
skew notch on the flexural sitrength Rm should be devermined
by means of a regression enalysis..The regression snalysis
yields the regression equations with the appropriate corre-
letion coefficients as indicated in table 10. The highest
correlation coefficient amounting to r = 0.473 is provided
by equation 4. However, the connection is weak (see reference

/31/, page 85). The reason for this must be sought in the
fact that the scattering or deviation due to the effect of
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influencing factors other than key-dovetail skew notching is
considerable,

“
With r = 0,473, R. is equal to 32.71 (KZV)O’OOb6 (;§~).
o 1m
Iizasured values and functional values of the equation 4 are

plotted in figure 4. 4s Ffor a deviation of 1 % of the flexural
strength with K2V = 800 mm, the result will be a minimum key-
dovetail skew notch (min.KZV) between the first and second
leyer amounting to 150 mm.

3:4._ _Influence of the key-dovetail lenzth

TN A T SS  n 3 e s e Sk o et it . b Bt s sttt St s oot Yo 1 S et ot s B ot oty v, o ot ot o

(&) Influence of the key-dovetailil length én the flexural
strength of glued leminated timber girders

GLT girders of the production A having a key-dovetail length
(ebbreviated in German as KZL) of 50 mm the failure of whic

he GLT girders consist of visually sorted laeyers of timber
toards of grade II coniferous sawn iimber (abbreviated in German
e

Trom Weibull distributions. When comparing the 5 % quantiles

of The flemural strength, one will find out that glued lami-

ed timber having a key-dovetall length of 20 mm (KZIL 20)

res en increased strength being by 23 % higher than that of
v

‘The reasons for the increased strength values may be not
only the key-dovetail lengths but also the different level of
vear end tear (deterioratien) of the technologies concerned
(see table 11). Thus, for instance; the key-dovetailing press

enployed in case of production A is obsclete as compared with
that employed in case of production B.

- T S 1 O | 4 ory . L. e o
(%) Influence of the rev-doveiail longth on the tensile
1

sirength of key-dovetailad

The tensile ghrengths obitained as a result of tests DeY~
Zormed by means of visuelly sorted key-dovelziled loyers of
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timber boards (zees table Ta) are beinz indicaved in table 12.
ecimens are sempled Ffrom the productvions A and B.

the tensile strength (see

able 12), one will find out that glued leminated Ytimber of

productlop B heving & key-doveteil length of 20 mm (121 20)

has an incressed tensile strength being by 24 % hnigher than

that of glued leminated timber of produciion A having a key-

o) s

dovetall 1engon of 50 mm (%ZL 50). However, production B 1

D

Wrhen comparing the 5 % quantiles of

glso provided with a technology being better than that of pro-
duction A. When comparing the 5 ¢ quentiles of the flexural
strength with those of the tensile strength (i.e. a comparison

of table 11 with table 12), one will find out that the value
of the flexursl strength emounts to 1.7 times the value of the

.

tensile strength in case of both the productions A and B.

>

4. Summary — Problems to be solved in future

The hitherto availeble draft code /1/ was further improved
by meking use of the latest knoviledge, know-how end informa-

=

tion. Chenges and modifications occurred concerning
of loed duraeiion and with regard to the acdaptation fac
to "aggressive media". The besic values of the design stre ﬁg
for structural timber and glued leminated timber were define
A comparison of the tensile strength of key-doveteiled lﬂyer
of timber boards with that of layers of bazsrds without any
key-doveteiling results in determining a decrease in strength
by 38 % for key-dovetailed layers of timber boards.

The tensile strength of mechanically sorted leyers of tim-
ber boards without any key-dovetalling is considerably higher
than thet of visually sorted layers. Glued laminated timber

irders without any key-dovetailing have an increased flexu-
ral strength (being highexr by 11 to 16 %) - when related to
the 5 % quantile - as compared with girders with key-dovetall-
ing in the test zone.

The research activities to be performed in future shell be
rientated towards investigations into the following problems

.
-

-~
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1. The possibility of increasing the strength of glued la-
ninated timber girders.

2, The loadbearing capacity of glued laminated timber gir-
ders subjected to a long~term loading (stress and strain).

3, Fundamentals required for the restoration of historical
timber struciures.

4, Pundamentals required for preparing a separate code
epplying to timber-~based engineering material structures.

5., Fundamentals required for improving the methods and
procedures of sorting.
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(Damsges done to timber structures — Anazlysis and repair .
1st edition; Berlin, 1987.

/22/ Duy, W. (x)
Ebenes Spannungsproblem im Holzbau, Berechnungsgrundlege
(Plane stress problem in timber construction; Declgn D”S““)
Published in: Bauforschung-Bauprexis, Heft 210; Berlin,

1587.

/23/ 1IS0-TC-165-N, 1983-05-11
Timber Structures, Design, Fir
1983; IS0, Techmnical Committe
/24/ CIB-W18-Code
CIB -~ Structural Timber Design Code, Six
1983; CIB Report 1983, Puhllcgtloq G6 Work
1nber Structures.

/25/ Larsen, H.-J.
Burocode 5, Timber Structures
CIB-W18-Paper 18-1-2, Orew 1980.

/26/ DDR-Norm: (x)
PGL 117-0767s 1963. Bauschnittholz, Giitebedingungen
(GDR Code ... Savn Timber - Quality Conditions).
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/28/

/29/

/30/

/31/
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RGW-Iform: (x)

ST-RGW 877-78; DDR-Noxrm TGL 38791/03

Angeviandte Statistik, Bestimmung der Schitzwerte und
Konfidengzgrenzen fiir Parameter der Weibull-Verteilumgen
(CHEBA Code ... ;3 GDR Code ... = Applied Statisvicss
Determination of Estimated Values and Confidence Limits
for Paremeters of the Weibull Distributions).

Larsen, H.-J. (x)

Die Festigkeit von Brettschichtholz

In: Ingenieurholzbau in Forschung und Praxis

(The Strength of Glued Leminated Timber - Published in:
eos2S 8DOVE.ss)

Kerlsruhe, 1982.

Ehlbeck, J.; Colling, F.; GSrlacher, R. =
BinfluB der Keilzinkenlamellen auf die Bie
von Brettschichtholztrigern (Influence of
dovetailed lemellae on the flexural streng
laminated timber girders).

In (published in): Holz als Roh- und Werkstoff 43 (1985):
333-337; 43 (1985):369-373; 43 (1985):439-442.

Apitz, R. z) 4

Ermittlung von Pestigkeitswerten fiir Vollholz bel dex
Beanspruchungsart Biegung durch Versuche"

(Determination of strength velues for solid timber sub-
jected o the bending type of siress and sirain by means
of tests)

Wismar Engineering College; Research report; Wismer, 1982,

(
§
A
T

Schindowski, Schiirz (x)

nStatistische Qualitétskontrolle™

(Statistical Quality Control).
V=B Verleg Technik, Berlin,
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quality grade I sawn coniferous timber

key-dovetdil. length of 50mm with production A
key -dovetail length of 20mm with production B

Figure 1:Tensile test with key-dovetailing
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Figure 2: Design of glued laminated timber
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layer 1 b %Uz
b= | ls=15h

12 test specimens for each test

Designations :

PB=test zone

BSH=glued laminated timber
F =strength grade
KZ =key-dovetailing

Figure 3:Test arrangement
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Figure 4: Behaviour of R,(KZV)

KZV=key -dovetail skew notching
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Table 2 a:

Hoisture grades

Moisture |Relative air |lMoisture |[Case of application /
grade hunidity of timber O .
(FX) (%) u (%) Category of siructure

FK 1 <65 £18 Enclosed buildings/stxruc~
tures with and without
heating; enclosed and ven=
tilated animal shelter
buildings without heating;
oven and partially open
roofed~over buildings

X 2 65< Y< 85 | >18 to 24 | Free-stending loadbearing

systems/menbers without any
protection against climatic
influences; industrial
buildingg with correspond-
ing technologies; wet rooms

FL 3 > 385 > 24 Structures subjected to
the immedigte influence
of water

Table 2 b: Time grades

Time grade | Duration of the load action

A

B

Permenently

load, Snow)

wind)

end/or for a long pe-
riod (e.g. dead load, live loag)

For a shoxt period (e.g. live

For a very short period (e.g.

h)

earthguake)

Load combinations; grouping iato time grades

Load combination Time grade
A B c D
A+ B IA 2.85% |TA <853 | = -
A+ C LA > 85% - LA <& 855 ~
L +B+C TA > 85% O£ 155 |IC < 155 -
A+3B+C+0D A 283 |ID &£ 150 - D > 15 S
LA < 855 - -

LA (etc.) means lozd
total lozd

LY =

@l

- Y v .
e of tinie grade




Teble 2 d: Adentetion faotor-ng 4 a8 to "long-term behea-
M . . l-t, -
viour® for the limit gtate of the loodbesring
canzcity (Gz7T)
nine grade Hoisture grade (F)
PX 1 P 2 Fil 3
Bn LS BH BSH BH BSH
A 0,85 0.8 0.75 0.66 0.65 0.4
B 1 1 0.85 | 0.83 0.75 0.5
C 1.2 1.2 1 1 0.9 0.6
D 193 103 102 1916 1005 0-7
BH means structursl timber; BSH means glued laminsted vimber
For air temperatures of 40°C £ T £ 70°C and FX 1, 8’—*” 4 shell
be multiplied by 0.85. -

+3

able 2 e: Adeptation facior Xh”n 4 28 to "loang-term beha-
s
viour" for the limit state of the usebility (GZ)

Time grede Moisture g rade (FK)
PR 1 FX 2 FX 3
BH BSH BH BSH BH BSH
A 0.65 0.8 0.4 0.5 - -
B 0075 0085 005 Oo6 - -

Table 3: Adaptetion factor X‘m o 23 to Ycross-sgeciional
]
height" for the GZT limit state

Cross—sectional height Structural Glued leminated
h (mm timber timber
< 200 1 1.00
200 £ h < 300 0.95 1.00
300 £ h < 500 - 0.95
500 £ h £ 800 - 0.9
800 £ h < 1500 - 0.85
= 1500 - 0.8




Table 4: Adaptetion factor [5
-i,
foxr the GZT limit stat

(o}
24

3 as to "curvature of tinber?
e

% 0 2+103 4.1903 6.1 g.10° 1072

1 0.82 - 0.83 0.76 0.683 0.6

m,3

» is the radius of curvature of the curved timber.

t is %he thicimess of the curved timber or - with glued lani-
nated timber -~ the thiciness of one curved layer.

(1))
t
O
Y
G4
1
H
)
w
w
<
o
I
o
[=5
o
1
o)
k3

The kind of ihe madia is grouped into gases, solutions and
solids. By considering the criteria as 1o conceniration of
the medium concerned end the grade of moisture, the stress
degrees (3G) I, II, IITI ere obteined:
Stress dégree (3G) BExplanation
3G I Not or slightly aggressive
BG IT lioderately azgressive
BG IIT Heavily aggressive
Upon grouping the madium corcerned into & specific range of
eszressivity, the stress degree (BG) can be determined by means
7 the tables following hereinafter. Depending on the cross-
sectional size of the timber components concerned, the edapta-
tion factor - for agsressive media cen be drawn from table
5e with the A stress degree concerned,
Raenceg of arsressivity end stress degrees Tor gases
Pabla 5 a: Rences of asgressivity for gases

as group with a concentra-
tion (mu/ud) of:
Gas, increeasing axoressivilty A A2 A3
1. CH50 (formeldehyde) 1 ... 200 - -
20 2?2{3 (c.':..t LCl-iC’) O' Sc e 20 b -
3. 80, (sulphur dlozmice) 0.2..., 10 | 10..,.20¢C -
4. 10, (nisric oxide) Oclees 5 5... 25{above 25
5. HC1 (hydrogen chloride) 0.05... 1 1... 10{atove 10
6. €l  (chlorinc) 0.02... 1 1...  Slcbove 5]




Telle 5 b: JStresgs derrzes for gases
Ronge of aggressivity |Hodlsture grade
K 1 Fil 2 P 3
A I T I
A2 I it 1T
A3 IT 1T iT
Tavle 5 ¢: Stress desreeg for solutions
Group Solution H-value |[Concentre—-|Degree of|Stress
tion of the |dissoci~ |degree
solubion ation

Acids nitric acid telow 2 up to 5 high IiT
LMOB above 5 iiT
nycrocaloric up to 5 nign 11L
acid HC1 above 5 IiT
sulphuric up to 5 medium I
scid HSSO above 5 / II/i=T

2774 -
gbove 15
acetic acid 4 above 15 low I
Tr .

Beses soda lye un to 2 high 1T
NaOH above 2 IIiT
potash lye above 13 jup to 2 high it
KO avove 2 IX1
armonium nNy- up o > Low L
droxide NH4OH above 5 IT

Szl%t so- chlorid so- up to 10 |medium I

lusions lutions 7 above 10 1T
KC1l, Nall

1phat - .

Su..phave S0 up to 10 |medium I
lutions: sbove 10 T
NaZSO4 (Glau~ = -
ber's sslt)
(NHAr) 80,

. + I
(ammonium 5 up to 40 -
sulphate)

(Oxrgenic urea

= S - up to 40 I
compound) | CO (ﬁHZ)2 2 p o =




Table 5 di¢ Stress degrees for solid nedia
Solid medium pH-value | Solubility | Hygros- Stress degree
in watex copici- | (BG) with
ty PK1 | FK2 | PK3
potash fertilizer 8 good (up good I IT | IT
t0 20 %)
urea 9 good (up high I Ir | IT
to 40 %)
superphosphate 3 (up to 5%) | good I I IiT
sodium chloride T good good I I it
ammonium sulphate 5 good (up low I I I
: to 40 %)

Teble 5 e: Adaptation factors gin 4 for aggressive media
3
subject to the

timber cross-sectional sigze

Hote:

Iinimum dimension of
degrees BG IT and BG

the +timber component with stress
IIT: 40 mm

inimum cross-—sectional area: 4000 mm2

Strass degree (BG) Cross—sectional size Tactor éﬁa N
Ll
(103 mmg)
BG I 1.0

3G I <3 0.75

< 30 0.85

>30 0.95

BG IIXL £9 0.65

< 30 0.75

=30 0.535
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Table 8+ Design of the grades of glued laminated timber

BSH - grade BSH 1 |BSHZ |BSH3|BSH 4 |BSH5|BSH6
sorting of the : , . mechani-imechani-4{mechan
layers visually |visually |visually cally |cally cally
kind of NSH NSH NSH | NSH NSH NSH
timber GkI GKIL GkI FI FI FI
exterior
layers
KzV{mm) | 2250 | 2250 | 20 | 2250 | 2250 | =230
kind of NSH NSH NSH | NSH NSH NSH
. timber CkIl GkIL GkI | FIL FIC FIT
interior
layers
KZV (mm) | 2250 z0 z0 z0 z0 z0
Designations: BSH glued laminated timber

NSH
KZV
GK

Wonoinou

-
1l

sawn coniferous timber
key - dovetail skew notching
quality grade acc.to /10/
strength grade acc. to /1/
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Table 10: Regression analysis of Ry (KZV)

Rm r r
N —— —
() (=) | (=)
3287
1 +0003 (KZv) 0123 |0,351
KZV in mm
3247
2 «0,2648 in(KzV) 0212 | 0.460
_5
77290 (KzV)
3 3280 0128 |0.358
0,0066
4 32.71(KZV) 0224 | 0473
32,04
. +0,008 (KZV) 0165 | 0,41
_0,457-10 ~° (kzV)2

14 glued laminated timber girders; b=97mm,h=288,l5=4 320mm
layers sorted visually,at least grade I sawn coniferous timber
key -dovetailing (KZ) in the test zone (PB)

key - dovetail length (KZL) of 20 mm
moisture of timber u=8,1 to 11.7%%

failure in the key-dovetdiling, st layer
KZV=key-dovetail skew notching




Table 11:Flexural strengths of visually sorted glued laminated
timber with key-dovetail skew notching of 50 and 20 mm

KZL=key-dovetall length (mm) 50 20
production A B
technology planing of the glued planing of the glued

laminated timber
immediately after the
curing of the glue

laminated timber
immediately after the

pressing

glued laminated timber b=97;h=288 b=97,h=288
girders ls=4 450 mm ls=4 450mm
sawn coniferous tfimber |at least qudlity at least quality
layers grade IL gradel

sorting visually visually

failure in key-dovetailing,test | in key-dovetailing test

zone, layer 1 zone, layer 1

moisture of timber u 6 -11.6 %o 7.4 - 139%6
key-dovetail skew notching . .

layers 1-2 z 250mm 2250 mm
numper of griders n 16 19

Ro N 35 3.3

mm
Vg (%] 171 Q4
N
R, 5% (o) 2%7 305
Rm. 1% ( ﬁimz) 20,7 301
. ) 29 30

Rm ,min mm-<




Table 12:Tensile strengthsof visually sorted key-dovetdiled layers
of timber boards with key- dovetail skew notching of
20 and 50mm (values of tests after 3to 5 migutes;
Weibull distribution)

KZL=key-dovetail length 50 20
| (mrn)
production A B
planing of the glued | planing of the glued lami-
technology laminated timber - nated timber immediately
after the curing of the| after the pressing
glue at 20°C
N
Rt (mm 2) 278 312
Vq (%) 28,6 268
R N
t,5% mm 2 144 17.8
N
Ry, 10/ 2 95 139
N
Remin (F[_'E{Z ) 20 A

90 specimens each,made of quality grade I sawn coniferous tmber
u= 6 1012%,, failure inthe key-dovetdiling
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