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1. Introduction

The present report is dealing with the preparation end implemen=-
tation of long-term investigations and tests with glued laminated
timber girders subjected to bending. The layexrs of the "BSH M3"-
type glued laminated timber have been sorted mechanically to obtain
strength grades. The tests are being carried out under an outdoor
roofed storage facility end will be continued for a minimum period
of 10 years. In this connection, the girders are being exposed to

a variable long-term loading.

The objective of the tests and investigations is the measurement
of time-~dependent deformations and the determination of the resi-
dual loadbearing capacity after a loading period of at least ten
years.

From the results and findings, the creep factor Koreep and the
modification factor as to "load action period® Kmod,1 will be ob=

tained.

They are being compared with those factors indicated in the Euro-
code 5 /1/ and will possibly be applied in the new TGL 33 135/04
GDR Industrial Code Specification /2/.

2. Determination of the variable long-term stressing

In addition and as a supplement to the factors
- oreep factor Kcreep’ and
- "load action period" modification factor Kmod 1
9

as used in the specifications mentioned under /1/and /2/, long-
term tests with a loading being variable in terms of the time

are required which shall be accomplished with a climate (environ-
ment) of “outdoors under a roof",

Timber is an elastoplastic material creeping until failure when
subjected to a constant long~term load, with the strength de-
creasing with an increasing period of loading.
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Similar properties are being found in the glue (adhesive) with
glued laminated timber. Themefore, the tests and investigations
are being performed by means of glued laminated timber girders.

The evaluation of publications as included in /3/ shows that
mainly the individual influence of constant long-term loads with
different periods of loading on the long-term strength of struc-
tural timber has been investigated.

However, it is necessary indeed to study and investigate the com-
plex influence of variable long-term loads together with the action
and effect of the alr temperature, relative air humidity and tim-
ber moisture on structural timber and glued laminated timber.

The load eombination of "dead load + snow" is being allocated to
the variable long-term load.

Based on /4/, a timber roof frame (truss) is being selected the
loading of which includes a large portion of dead load with a
small portion of snow load. Thus, en insignificant rebound is
occurring when relieving from "dead load + snow" to "dead load".
The loading of the selected roof frame *being supported by steel
members D 24.5 (see /4/, pege 34) is as follows:

dead load of roof: 0.27 kN/m2
dead load of floor: 0.45 kN /m®
dead load of installation: 0.29 kN/m2
snow load: S = 0.5 kN/m2

dead load portion:

1.01
x - = 0,67

&g + B 1.01 + 0.5

The long-term tests are being accomplished by using glued lamiria—~
ted timber girders of the grade BSH M3 (see Figure 1).

Short-term tests carried out by means of BSH M3 specimens demon-
strated that the flexural strength fm,K end the modulus of
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elasticity Eo,mean of grade BSH M3 timber are almost coinciding
with strength grade C 5 as indicated in the Euroocode 5, 10/87
(see /1/, page 109). The characteristic value of the flexural
strength is as follows:

; _ 2
im,K = 24 N/mm“,

The "load action period" modification factor being selected acc-
ording to /1/, page 42, due to the large portion of dead load for
the "long/medium" load action period grade and the moisture grade

1 or 2 amounts to
Kuod,1 = 0-85:

The material factor being selected according to /1/, page 31, for
glued laminated timber with regerd to the adoption of a neutral
foreign supervision in the manufacture of glued laminated timber
(in German, abbreviated: BSH) amounts to

Ty = 1.3

This results in a design value of the flexural strength amounting
tos |

T,k ° Kmod,1 24 ¢ 0.85 o
f = = = 1507 N mm .
med
’ Ty 1.3
The design value is for the
= top stress: 5
63@,1,d = fm,d = 15.7 N/mm
- bottom stress:
& ,
W M 1 = 0.67 * 15.7 = 10.5 N/mm=,
my2,d my1,4
8 *+ Sk

The action periods for snow loads per annum are indicated as

follows:
- 1 week to 6 months according to /1/, page 40
= 1,8 months according to /5/, page 217
- 2 months according to /6/, page TO

- 2,5 months according to /7/.



With regard to possible locations at a higher altitude above sea
level, the action period being selected for the snow load is 2.5
months,

Now, this results in a variable long-term stressing (see Figure 2)
amounting to:

6:n,1,d = 15,7 N/mu’, action period of 75 d (days)
mo2.a = 10,5 N/m®, action period of 285 d.

1

3, Description of the test specimens

12 test specimens consisting of BSH M3 grade gluéd laminated tim-
ber (see Figure 1) are being used for the long-term tests.

The specimens are girders subjected to bending with a width of
b = 97 mm, a height (depth) of h = 192 mm, an effective span of

11‘= 2880 mm and a length of 1 = 3080 mm,

The layers of boards of the glued Taminated timber girders are
consisting of sawn coniferous timber (pine) and are being sorted
mechanically into strength grades according to the flexural modu-
lus of elasticity and to the knoittiness as follows:

- The 1st and 6th layer (see Figure 1) are belonging to the F II

strength grade
(E Z 9500 N/ﬁmz, individual knots according to Figure 3, accu-
mulations of knots according to Figure 4, /8/)

- The 2nd to 5th layers (see Figure 1) are belonging to the F III
strength grade
(E Z 7000 N/mm?, individual kmots acc. to Fig, 3, accumulations
of knots acc., to Fig. 4, /8/).

Decisive for the allocation to a strength grade is the unfavourable
value of one sorting parameter.

fhe glueing (bonding) of the layers of boards with one anothexr as
Well as of the key-dovetail connections is being performed by
using a "Plastasol IL47 N"-type phenolic resin bonding adhesive.
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As e general principle, a key-dovetail connection is being arranged
in layer 1 (being the lowest layer - tension layer -3 see Figﬁre 1)
within the ftest zone (see Figure 5). In our instance, the key-dove-
tailing length amounts to 50 mm,

The distance of the key-dovetail comnections (key-dovetail stagger-—
ing; in German abbreviated as KZV) between the 1st and 2nd layer
is being guarsniteed with an amount of XZV Z 250 mm,

The equilibrium moisture of the layers of boards after the manu~
facture amounts to W=~12 %.

4, Test arrangement

With a view to achieving a zone being free from transverse forces,
a four-point loading is being selected for the test arrangement of
the glued laminated timber girders (see Figure 5).

The results and findings from studies and investigations performed
by ueing structural timber /9/ are showing that - in order to

avoid shear failures - the ratio of the flexural stress ET . to
the shear siress ‘Z’ shall be 22 whereas for a shear 1nfluence of
about 6 % the ratio of the effective span 11 to the specimen height
h shall be 15. With these prerequisites prevailing, the length of
the test zone 1, is being designed as 1, = 4 h /9/ (see Figure 5),

The values of the variable long-term load resulting from the long-
texrm stresses are as follows:

75 @
285 d

17074’ kN; t
- for dead load: F = 11.89 KNy %
a,d

-~ for dead lcad + Snows F1 a
9

The foxce Fi a (see Figure 5) is being introduced by means of a
mass piece (welght) M through a kifting rack-type facility.

The hinge G is vertically movable in order to ensure a horizontal
position of the load lever also with an increasing deflection U,



The long~term tests are being accomplished under the cover of a
roofed-over outdoor facility. With such a climatic test condition,
the test specimens are freely exposed to the air temperature, air
humidity and air motion of the external climate. However, the spe-
cimens are protected from precipitations and sunshine.

The meximum equilibrium moisture to be expected amounts to &)§ 18 %
according to /10/ and corresponds to the moisture grade 2 in com-
pliance with /1/.

5, Measurements

The measurements to be performed during the long-term tests with
regard to the time are as follows:

(a) Girder deflection'Uz

It is being determined at the central position of the effective
span (see Figure 5) by means of a dial gauge with a reading accu-
racy of O.1 mm and in addition - for control purposes - by means
of a gauge stick (measuring rod) and a level with a reading accu-
racy of 0.5 mm.

(b) Strains &

Within the layers of boards 1 end 6 (see Figure 1), respectively,
at the central position of the effective span the strains of the
timber EE |4 and E; |6 8Te being measured by means of a mechanical
strain gauge (stress-problng extensometer; manufacturer: lMessrs.
Holle, Magdeburg/GDR).

(¢) Timber moisture @

It is being determined through a pair of electrodes being perma-
nently inserted into the girder - with a depth of penetration of
gbout 20 mm - by means of measuring the electrical resistance
(type of unit: "Hydromette H 65"; manufacturexr: Messrs. Gann,
Stuttgart/FRG) .
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(d) Air temperature T and relative air humidity

They are being recorded continuously by means of thermo-hygrographs
(type 406; manufacturer: VEB Feingerdtebau Drebach/GDR).

6. Initial results and findings

The long-term tests and investigations with the 12 girders have
been started for test-engineering reasons only on April 15, 1988,
instead of Januvary 1, 1988, with the load stage F1,d° The load
stage Fz,d was effective from June 29 until December 31, 1988. On
January 1, 1989, the load stage F1,d of the 2nd year of loading
has been applied.

The values and data of the measurements accomplished concerning T,
%7,&J, EEX end U, are plotted and shown in the Figures 6 to 10 for
the period from April 15 until December 31, 1988. /11/

The graphical representations of the measured quantities X are
mprising and X . .

Gomprisliy Xmean’ Xmax e lmln

With a view to increasing and improving the lucidity, the graphi-

cal representations are being drawn up on semilogarithmic paper.

Due to the fact that the time ranges immediately after the loading
or relief, respectively, are of a particular interest, the time
scales (units) of minutes (min) and days (d) are being used in

the graphical representations (Figures 6 to 10).

The most significant measured quantities are the girder deflec-
tions Uz and the creep deformations occurring in the course of

time.,
The mean deflections Uz,mean amount to
- Uz,mean,o 12,5 mm

with t = O for F, 4 according %o Figure 63
?
Uz,mean,?S g = 18.5m
with t = 75 4 for F1 a according to Figure T;
?

the creep factor corresponding to this is as follows:
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9
the creep factor corresponding to this is as follows:

U

K _ z,mean,186 d R 75 R
CI‘eep,2 - U = 125.5 = °

z ,mean,0

The measured deflections provide for an initial comparison with
the data included in the Burocode 5 /1/.

The mean values of the measured relative air humidity ganean and

timber moisture Cumean (see the Figures T, 9 and 10) are within
the ranges of
- 7 . - .
Ymea.n =651t 95% 3 W =12 to 18 %.

Thus, according to /1/, para 2.5.4., the moisture grade 2 is pre-
vailing.

As for the load portions being applied during the tests -"dead load"

g S.r
K = 0,67 3 "“snow" K = 0,33 =, the creep’
gy * % g *+
factor Kcreep ] resulting according to /1/, table 4.1, for moisture
9

grade 2 and Fy 4 vdead load + snow" amounts to K = 0,67 * 1.8

H
+ 0033 o 1-3 b 1.64-

This value is exceeding that of Kcreep g = 1.5 as determined during
H
the test for Fy 4 at t = 75 d.
H

creep, 1

According to /1/, table 4.1, the creep factor Kcreep o resulting
]
for moisture grade 2 and Fz,d "dead load" amounts to Kcreep,E = 158

This value is exceeding that of Koveen.2 = 1.1 as determined during
9
the test for T, 4 at t = 75 + 186 = 261 d.
9

However, a final statement concerning the creep factors can be pro-
vided only after a period of about 10 years upon the completion of
the long-term tests and investigations.
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In compliance with /1/, page 48, the deflection in the final state

shall not exceed 11 .
250

In the hitherto accomplished tests and investigations, the largest
mean deflection for F1 a "dead load + snow" at t = 75 & 1is as fol-
9

lows: )
o 1 _ 2880 _ )
Uz,mean,75 g = 185 mm >z = “HEg = 11.5 mm,

The exceeding in the limit state of the usability does not mean
that the loading Fy ; as selected was too high.,
]

4L

This finds its expression by fixing Kmod 1 and.‘aﬁrfor the deter-
3 2o , :
mination of 63;41,d = T, 4 in chapter 2 as follows:

K.,oq.q4 = 0-85 dinstead of 0.9 according to /1/, page 42;
OWUy
zﬁj 1.3 dinstead of 1.25 according to /1/, page 31.

A consideration of the values of K_ . ’ and (.. as indicated in /1/
. ;

I
would result in even higher loads and thus even larger deflections.

The wevelopment (curve) of the mean timber moisture comean is fol-
lowinz that of the mean relative air humidity y%nean (see the Fig-

ures 7 and 9).

One can see that in the case of autumn weather lasting for a longer
period with a high relative air humidity of ¥___ ® 93 % the tim-

ber moisture will reach the value of comean = 18 % (see Figure 9).

However, connections between timber moisture changes and deflec=
tien changes sannot be discerned (see the Figures 9 and 10),
Similar observations apply to the strain change as well,

The developments (curves) of Uz,mean within the load range of F
(see the Figures 6 and T7)are showing that immediately after the
load application a very large incregse in deflection ZS‘UZ can be
observed (amounting to 2.2 mm/d on an average) which, however, is
incrrasingly decaying with an amount of 0.1 mm/d.

154

Considerably less distinct are the creep deformations after the

partial load relief to Fs 4 (see the Figures 8 and 10). Initially
9

the decrease in deformation is only 0.1 mm/d on an average. The
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backcreep processes can be regarded as decayed already after a
period of 5 days.

T, Regression equations

The mathematical description of the time-dependent deflections is
possible by means of simple regression equations.

The influence factor is the time t whereas the objective (target)

factor is the mean deflection Uz,mean of 12 test specimens.

The regression analysis is being performed by means of both expo-
nential functions (y = a ¢ exp (bx)) and logarithmic functions
(y = a+ Db+ 1nx).

The regression equations with the highest correlation coefficients
r are indicated in Figure 11.

8. Summary

Long-term tests and investigations are being carried out using
glued laminated timber girders subjected to bending with the action
of a variable long-term load at a climate (environment) of “out-
doors under a roof%,

Tnitial results and findings of the measurements are providing in-

formation on the magnitude of the creep factors to be expected.

Final values concerning the creep factors Kcreep and the "load

action period" modification factor Kmod 1 for the moisture grade 2
: 4 9

will be available after a period of about 10 years.
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Eurocode 5 “Holzbauwerke"® = Deutsche Entwurfsfassung;

(BEurocode 5 "Timber Structures" - German draft wordings;

DDR-Fachbereichsstandard TGL 33 135/04 E 89
"olzbau, Tragwerke, Berechnung, Bauliche Durchbildung"
(Industrial GDR Code Specification TGL o..:
UTimber construction; Loadbearing structures; Calcula~-

Forschungsbericht G 2: "Lengzeituntersuchungen an maschi-

nell sortiertem Brettschichtholz unter Biegebeanspruchung"
(Research Report G 2: "Long-term investigations with me-
chanically sorted glued laminated timber subjected to bending")
Academy of Building of the GDR, Institute for Industrial

UDach- und Hallenkonstruktionen in Holzbauweisge"
Informationen und Systemlibersichten 1986

("Roof and hall structures built by adopting the
timber construction method" - Information and systen

"Die Sicherheit tragender Baukonstruktionen!
("The safety of loadbearing building constructions")
Published by: VEB Verlag flir Bauwesen; Berlin 1987

"Die Zuverlissigkeit des Vollholzbalkens unter reiner
("The reliability of the solid timber beam subjected to

Fridericiana University, Karlsruhe 1982
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/6/ Steck, G.:
Biegung"
pure bending")
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"as darf der Holzbau von dem neuen probabilistischen
Sicherheitskonzept erwarten?"

("What may timber construction expect of the new proba-
bilistic safety concept?")

Published in: Bauen mit Holz (1983) 1, pp. 26 = 31
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"Timber construction; Loadbearing systems; Quality spe-
cifications; Sawn structural timber")

Draft; HKarch 1988

Apitz, R.:
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DDR-Fachbereichsstandard TGL 33 135/01
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Leipzig, 1968-11-14
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Figure 5 : Test arrangement
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