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ABSTRACT e The natural durability of important European wood species has been tes-
ted on 3970 specimens in field trials. The wood was exposed at five test fields in Germany
with different climates at each site in European hazard class 4 and 3 (with and without soil
contact). Within EHC 3 three different expositions were tested: end grain sheltered, unshel-
tered and with water trap. The test has now been running for 3 years. The results have
shown that the type of exposition (EHC 3 or EHC 4) has a strong influence on both: the
decay activity and the durability determined as the quotient of decay of tested species and
Scots pine sapwood. The test site had a strong effect on decay activity and time to failure,
whereas the effect on durability was lower. Up to now it has not yet been possible to cal-
culate the final durability classification, but so far the field tests in soil have confirmed the
natural durability given in EN 350 (with the exceptions of Quercus robur and Robinia
pseudoacacia, both being less durable than said in the standard). Whereas so far the above
ground tests have revealed a higher durability than classified in the standard EN 350 for
all soft-wood species with coloured heartwood (heartwood of larix, pseudotsuga and
pinus). It is obvious that the current classification of natural durability is only valid for use
in soil contact. Future amendments of the standard EN 350 seem to be reasonable. It is pro-
posed that durability class shall be listed separately for in ground and for above ground
use in the future.

Key words: natural durability, hazard classes, European wood species, field tests

SAZETAK e Prirodna postojanost vaznih europskih vrsta drva provjeravana je na 3 970 uzo-
raka u terenskom testiranju. Drvo je bilo izloZeno na pet probnih lokacija u Njemackoj, s
razlicitim klimatskim uvjetima na svakoj od njih, i to prema europskim kategorijama Stetnosti 4 i
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Table 1

Materials included
in trials

Tablica 1.
Materijali uvrsteni u
istrazivanje
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3 (uz kontakt s tlom i bez njega). U sklopu EHC 3 testirane su tri razlicite vrste izlaganja:
zasticenim ceonim presjekom, nezasticenim ceonim presjekom i vodenom zamkom.

Test se provodi ve¢ tri godine. Rezultati pokazuju da vrsta izlaganja (EHC 3 ili EHC 4) znatno
utjece na brzinu razgradnje i na postojanost koja se odreduje kvocijentom razgradnje testiranih
vrsta i bjeljike bijele borovine. Mjesto izlaganja takoder uvelike utjece na jacinu razgradnje i vri-
jeme pojave greske, dok je utjecaj na postojanost nesto slabiji.

Do sada jos nije bilo moguce dati konacnu klasifikaciju postojanosti, ali dosadasnji terenski
probni testovi u tlu potvrdili su prirodnu postojanost navedenu u EN 350 (s izuzetkom Quercus
robur i Robinia pseudoacacia, koji imaju slabiju postojanost od one navedene u normi). Premda
su testovi iznad tla potvrdili ve¢u postojanost drva od onih klasificiranih normom EN 350 za sve
vrste mekog drva s obojenom srzevinom (srZevina Larix, Pseudotsuga i Pinus), ocito je da
sadasnja klasifikacija prirodne postojanosti vrijedi samo za drvo u dodiru s tlom. Dopune i izm-
jene norme EN 350 u buducnosti se cine realnima. PredlaZe se da se postojanost ubuduce vre-
dnuje zasebno za drvo koje se rabi u tlu i ono iznad tla.

Kljucéne rijeci: prirodna postojanost, kategorije Stetnosti, europske vrste drva, terenski
pokusi

1 INTRODUCTION there are differences in natural durability of
1 UVOD some European wood species between EHC
3 and EHC 4. Therefore field tests were
installed. The wood samples were tested in
typical situations in and out of soil contact.

The results of still ongoing trials aim at con-
tributing to modify the durability classifica-
tion. A basis for decisions on the correct use
of wood in hazard classes can be developed
according to these conclusions.

The natural durability is determined
according to EN 350-1 (1993) by lab tests
and field tests exclusively in ground con-
tact. However large quantities of wood are
used outside soil contact.

Several investigations in above
ground situations lead us to the assumption
that it is not easily possible to transfer con-
clusions on durability from field test in soil 2 MATERIALS AND METHODS

contact and lab tests on durability in hazard 2 MATERIJALI | METODE
class 3 (Rapp et al., 1998; Derbyshire and

Carey, 2001). Obviously different moisture 2.1 Materials
content in wood creates in addition to natu- 2.1 Materijali
ral biocides, other decay conditions in soil
contact than in above ground situation.

The research presented here aims at con-
tributing to clarifying the question, whether

The trials included nine different
materials from three origins (Table 1).

Wood species — Vrsta drva Latin name — Latinski naziv Short.cut
Kratica

Spruce sapwood , .
bjeljika smreke Picea abies Karst. SpS
Sp ruce heartwood Picea abies Karst. SpH
srz smreke
Fir - jelovina Abies alba Mill Fir
Scots pine sapwood . .
bjeljika bijeloga bora Pinus sylvestris L. PS
Scf) ts. pine heartwood Pinus sylvestris L. PH
srz bijeloga bora
D(fuglas ﬁ‘r.heartwood Pseudotsuga menziesii Franco Dou
srz duglazije
Lavrch .lvleartwood Larix decidua Mill. and larix japonica La
srZ arisa
Envghsh oak heartwood Quercus robur L. Oak
srz engleskog hrasta
Blfl ck locust heartwood Robinia pseudoacacia L. Rob
srz crnoga bagrema
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Sapwood and heartwood of spruce
and pine were taken from the same logs.
The wood was dried at a temperature not
higher than 60 °C after cutting. Altogether
3970 samples were sawed from the logs and
planks. Then they were planed on the four
sides. All samples were 500 mm x 50 mm x
25 mm in dimension as specified in EN
252. The test pieces had no cracks, no dis-
coloration, no infestation by insects or
fungi.

2.2 Test sites
2.2 lzlagalista

In the spring of 2000 the material was
installed in Germany at five test sites with
different climates.

sheltered.

2.3 Data analyses
2.3 Obrada podataka

The assessment of each wood sample
was carried out every year in September.
The decay of wood was determined accord-
ing to the standard EN 252 (1989). The rat-
ing scheme for the visual inspection is
shown in Table 4.

The results of the ratings from field
tests were calculated to mean decay ratings
for each type of wood.

The natural durability is the resistance
of wood against wood destroying organ-
isms. It is defined as relative value between
the wood and a reference wood (Scots pine

. Average of temperature Total precipitate Total sunshine
Test site g o ;
o Prosjecna temperatura Kolicina oborina hours
Izlagaliste o . . . .
C mm Broj suncanih sati
Rhon 5,8 1 050 1550
Stuttgart 10,0 679 1752
Freiburg 10,3 903 1 808
Hamburg 8,4 714 1 630

Table 2 shows the mean long-time cli-
matic data of the test sites. In Hamburg two
test fields were built close together (150 m),
but with strong differences in the micro cli-

sapwood or beech sapwood). Natural dura-
bility was determined and diagrammed as a
relative decay rating. This was calculated
from the quotient of decay rating of tested

: i ; ; Rate of C/N | Humus, %
Test site - Izlagaliste Soil type - Tip tla ’
“ag P P PH Omjer C/N Humus, %

Rhon Sandy loam 6,2 11:1 4.4
pjeskovita glina

Stuttgart Sandy loam 7,1 13:1 3,7
pjeskovita glina

Freiburg Strong loamy sand 5,4 10:1 3,0
izrazito glinasto pjeskovito
Slight loamy sand .

Hamburg slabo glinasto pjeskovito 6,4 10:1 31

Hamburg “baumschatten” Slight lo.amy sagd . 5,6 11:1 2,9
slabo glinasto pjeskovito

mate. One was completely in the shade of
trees and the other was completely in the
open.

At all test fields the samples were
integrated in EHC 3 and 4. Additional soil
investigations were carried out for a better
characterisation of the soils. Table 3 illus-
trates the results.

In addition to the soil test the samples
were installed at other sites showing typical
constructions. For this purpose in EHC 3
three different expositions were chosen:

* horizontal samples in double layer with
water trap

« vertical single samples with unsheltered
end grain

« vertical single samples with end grain

species and of decay rating of Scots pine
sapwood.

3 RESULTS
3 REZULTATI

3.1 Influence of exposition
on durability

3.1 Utjecaj izlaganja na postojanost

After the evaluation, every year in
autumn, the mean decay rating of wood
species was calculated from decay rating
from field tests. Figure 1 compares mean
decay ratings of wood in different hazard
classes. The times of evaluation are
described by diverse patterns. One bar con-
tains results from 150 samples.
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Table 2

Mean climatic data of
many years of the test
sites

Tablica 2.

Visegodisnji prosjecni
podaci o klimatskim
obiljezjima izlagalista

Table 3
Characteristics of soils
at different test fields
Tablica 3.

Obiljezja tla na
razlicitim ispitnim
poljima

133



A. O. Rapp, U. Augusta: The natural durability ...

Table 4

Rating scheme for
evaluation wood
samples in field test
Tablica 4.
Razredbena shema
vrednovanja drvenih
uzoraka na ispitnim
poljima

Figure 1

Mean decay rating of
wood in different
hazard classes (in
ground and above
ground)

Slika 1.

Prosjecni stupanj
trulezi drvenih uzoraka
prema razlicitim
razredima Stetnosti (u
doticaju s tlom i iznad
tla)

134

132;2?1 Description - Opis Definition - Definicija
no evidence of discoloration, softening or weakening caused
0 SOUND by micro-organisms
ZDRAV nije primije¢ena promjena boje, omeksanje ili oslabljenje
prouzroceno mikroorganizmima
limited evidence, no significant softening or weakening up
1 SLIGHT ATTACK to 1 mm depth
BLAGI NAPADAJ Jedva zamjetne promjene, beznacajno omeksanje ili
oslabljenje do dubine 1 mm
explicit evidence, with areas of decay (softened or weakened
5 MODERATE ATTACK | wood) from 2 to 3 mm depth
UMJERENI NAPADAJ | jasno zamjetne promjene s trulim podrucjima (omekSano ili
oslabljeno drvo) dubine 2 do 3 mm
strong evidence, extensive softening and weakening, typical
EVERE ATTACK fungal decay at large areas from 3 to 5 mm or more depth
3 S Jjako zamjetne promjene, znatno omekianje i oslabljenje,
JAKI NAPADAJ T y . .. s .
tipicna trulez na velikom podrucju na dubini 3 do 5 mm i
vise
4 FAILURE after a beat test sample break through
POTPUNO TRUL nakon testiranja uzorak se slomio
4
o~ in ground - u tlu above ground - iznad tla m25
§ years
—
g 5 m15
= years
2
3 mO5
g 5 years
|

mean decay rating

SpS SpH Fir

PS PH Dou La Rob Oak SpS SpH Fir

PS PH Dou La Rob Oak

material - materijal

In soil contact the decay of wood was
stronger than in above ground situations
(double-layer test). This applies to all tested
wood species with the exception of fir,
which showed somewhat stronger decay in
double-layer tests than in soil contact.
Figures 2 and 3 shows a first impression of
natural durability. For the present the dura-
bility was expressed as the quotient of mean
decay rating of tested wood species and
mean decay rating of Scots pine sapwood.
In the Figures this index is calculated as
decay rating relative to pine sapwood. One
bar contains results from 150 samples.

The relative decay rating of spruce
(sap- and heartwood) and fir was lower in
soil contact than in the double layer test
(above ground). In contrast to spruce and fir

the decay rating relative to pine sapwood
was minor in above ground situations than
in soil contact for larch, douglas fir, Scots
pine heartwood, black locust and English
oak. A continuation of this trend would
result in a longer mean time to failure and
also a longer mean time to failure relative to
Scots pine sapwood in EHC 3. That means
that these materials were more durable
above ground than in soil contact and
would therefore obtain a better durability
classification in EHC 3.

Figures 4 and 5 illustrate the relative
frequency of samples in the rating steps
(according to EN 252) after 2.5 years in
field. One bar contains results from 150
samples. In above ground situations most
samples resided in rating step 0 (Figure 4).

DRVNA INDUSTRIJA 54 (3) 131-140 (2003)



sececccccccssccccsccceee A O. Rapp, U Augusta: The natural durability ...

1

relative decay rating — relativni stupanj trulel’i

2

Pine sapwood
bjeljika bijeloga bora

SpS

PS PH Dou La Rob Oak

material - materijal

SpH Fir

SpS - Spruce sapwood - bjeljika smreke, SpH - Spruce heartwood - srZ smreke, Fir - Fir - jelovina,
PS - Scots pine sapwood - bjeljika bijeloga bora, PH - Scots pine heartwood - s7Z bijeloga bora, Dou
- Douglas fir heartwood -srZ duglazije, La - Larch heartwood - s7Z arisa, Oak - English oak heart-
wood - srZ engleskog hrasta, Rob - Black locust heartwood - srZ crnoga bagrema
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Figure 2

Relative decay rating
as the quotient of mean
decay rating of tested
species and mean
decay rating of Scots
pine sapwood after 2.5
years in ground
contact

Slika 2

Relativni stupanj
trulezi kao kvocijent
srednjeg stupnja
trulezi ispitivanih
uzoraka i bjeljike
bijelog bora nakon 2,5
godina izlaganja u
doticaju s tlom

Figure 3

Relative decay rating
as the quotient of mean
decay rating of tested
species and mean
decay rating of Scots
pine sapwood after 2.5
years in above ground
situation (double layer
test)

Slika 3.

Relativni stupanj
trulezi kao kvocijent
srednjeg stupnja
trulezi ispitivanih
uzoraka i bijeljike
bijelog bora nakon 2,5
godina izlaganja iznad
tla (ispitivanje pomocu
dvoslojnih uzoraka)

Figure 4

Relative frequency of
samples in the rating
steps (EN 252) after
2.5 years in above
ground situation
(double layer test).
Slika 4.

Relativna ucestalost
uzoraka u
razredbenom
stupnjevanju (EN 252)
nakon 2,5 godina i
iznad tla (ispitivanje
pomocu dvoslojnih
uzoraka)
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Figure 5

Relative frequency of
samples in the rating
steps (EN 252) after
2.5 years in ground
contact

Slika 5.

Relativna ucestalost
uzoraka u
razredbenom
stupnjevanju (EN 252)
nakon 2,5 godina i u
doticaju s tlom

Figure 6

Mean decay rating of
wood-groups at five
climatically different
test fields after 2.5
years in ground
contact

Slika 6.

Prosjecni stupnjevi
trulezi grupa uzoraka
na pet klimatski
razlicitih ispitnih polja
nakon 2,5 godina
izlaganja u doticaju s
tlom

Figure 7

Mean decay rating of
wood-groups at five
climatically different
test fields after 2.5
years in above ground
Situation

Slika 7.

Prosjecni stupnjevi
truleZi grupa uzoraka
na pet klimatski
razlicitih ispitnih polja
nakon 2,5 godina
izlaganja iznad tla
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However, samples from fir were dis-
tributed more or less uniformly in all rating
steps. Also Scots pine sapwood and spruce
were represented in all rating steps. That
means that samples were present without
decay as well as samples, which were com-
pletely destroyed. Softwood with coloured
heartwood and hardwood were predomi-
nantly sound or slight attacked (rating step
0 or 1). For the same wood species a slight
to moderate infestation (rating steps 1 and
2) was established in ground contact
(Figure 5).

3.2 Influence of test site and test
exposition on natural durability

3.2 Utjecaj izlagalista i izlaganja na
prirodnu postojanost

The following Figures 6 and 7 com-
pare the mean decay rating of all wood
species at different climatic test sites. For
this purpose wood species were classified
in wood-groups:

* NH (sapwood and non-coloured soft -
wood): spruce sapwood, spruce heart -
wood, Scots pine sapwood, fir
NH (bjeljika i neobojene meke vrste drva):
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= 100 e
3 L
S 90 +— I Lo
3 =
3 80 +—
E
© 70 +— =
S 60
K]
2 50 1+—
|
& 40 1+
C
S 30
g
E 20 o
g
= 10 o
o
o 0 A
SpS SpH Fir PS PH Dou La Rob Oak
material - materijal
N4 ~ -
° Rhén Stuttgart Freiburg Hamburg Hamburg m25
§ "Baumschatten” years
=
= W15
L]
% 3 years
& W05
% years
0
2
o\
<]
N 2
1
o
£
=
e
> 14
©
o
]
°
c
©
]
€ o
NH  NH-F LH NH NH-F LH NH  NH-F LH NH  NH-F LH NH NH-F LH
material - materijal
;ﬁ 4 Rhén Stuttgart Freiburg Hamburg Hamburg- =25
3 Baumschatten years
.
=
= w15
]
3 years
3 3
2 w05
>E years
K]
%
[
5 2
1
=]
£
=
<
S
> 1
©
o
5]
°
; %_E_:
<
° —
E 0 _ ———|

NH NH-F LH NH NH-F LH NH  NH-F

LH NH NH-F LH

material - materijal

DRVNA INDUSTRIJA 54 (3) 131-140 (2003)



cecccccccccccccsccccccce A O Rapp U Augusta: The natural durability ...
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bjeljika smreke, srz smreke, bjeljika bijel-
oga bora, jelovina

* NH-F (coloured heartwood of softwood):
Scots pine heartwood, douglas fir heart-
wood, larch heartwood
NH-F (obojena srz mekih vrsta drva): srz
bijeloga bora, srz duglazije, srz arisa

* LH (coloured heartwood of hardwood):
English oak heartwood, black locust
heartwood
LH (obojena srz tvrdih vrsta drva): srz
engleskoga hrasta, srz crnoga bagrema.

douglas fir heartwood
srz duglazije

a

larch heartwood
srZ arisa

ferent mean decay ratings appeared depend-
ing on the test site.

The natural durability (decay rating
relative to pine sapwood) at different test
sites was examined in the heartwood of
douglas fir, Scots pine, larch, English oak
and black locust. For each of these woods
the relative decay rating to pine sapwood
varied somewhat from test site to test site.
These differences can be seen in different
length of the bars in Figure 8 to Figure 11.
But considerable variations in relative
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srZ bora
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The mean decay rating of wood-
groups in soil contact showed marked vari-
ations depending on the test site (Figure 6).
For example the mean decay activity in
Rhon was lower then in Freiburg.

The same results were found in above
ground situations (Figure 7). Here also, dif-

decay rating were detected in all wood
species among the expositions (in ground
and above ground situation). That means
that the natural durability was lower in
ground contact than above ground (Figure 8
to Figure 11).

So far the influence of test exposition
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Figure 8

Decay rating relative
to pine sapwood of
douglas fir, larch and
pine heartwood at five
climatically different
test sites (R - Rhon, S -
Stuttgart, F - Freiburg,
HH - Hamburg, HH-
BS - Hamburg

., Baumschatten") in
ground contact

Slika 8.

Vrednovanje stupnja
trulezi duglazije, srzi
arisa i bora u odnosu
prema bjeljici bijelog
bora na pet razlicitih
izlagalista u doticaju s
tlom

Figure 9

Decay rating relative
to pine sapwood of
douglas fir, larch and
pine heartwood at five
climatically different
test sites (R - Rhon, S -
Stuttgart, F - Freiburg,
HH - Hamburg, HH-
BS - Hamburg

,, Baumschatten") in
above ground
situation: With
averages (single line)
and variations (arrow)
of in ground test

Slika 9.

Stupnjevi trulezi
duglazije, srzi arisa i
bora u odnosu prema
bjeljici bijelog bora na
pet razlicitih
izlagalista iznad tla, s
prosjecima (vodoravna
crta) i varijancama
(strelice)
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Figure 10

Decay rating relative
to pine sapwood of
English oak and black
locust at five
climatically different
test sites in ground
contact

Slika 10.

Stupnjevi truleZi
engleskog hrasta i
bagrema u odnosu
prema bjeljici bijeloga
bora na pet razlicitih
izlagalista u doticaju s
tlom

Figure 11

Decay rating relative
to pine sapwood of
English oak and black
locust at five
climatically different
test sites in above
ground situation: With
averages (single line)
and variations (arrow)
of in ground test.
Slika 11.

Stupnjevi truleZi
engleskog hrasta i
bagrema u odnosu
prema bjeljici bijeloga
bora na pet razlicitih
izlagalista iznad tla s
prosjecima (vodoravna
crta) i varijancama
(strelice).
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on natural durability was greater than the
influence of the test site. To illustrate this
more clearly the average decay ratings rela-
tive to pine sapwood (durability) were cal-
culated for individual wood species on all
test sites. This average is shown as a line in
Figure 8 to Figure 11. The arrows symbol-
ise the variation of data in ground contact.
The comparison between the average val-
ues of durability in and above ground and
their variations clearly show that the differ-
ences in durability between the expositions
are greater than between the test sites
(Figure 8 and Figure 11).

4 DISCUSSION
4 DISKUSIJA

The double-layer test has proven suit-
able as an above ground test method. In the
test period to date, the following advantages
have been determined:

« It is a natural exposure (field test).

* It is a typical construction with some sim-
ilarity to a wooden deck.

* Quick infection by decay fungi is possible
(within 0.5 years).

* The decay is objectively assessed even at
early stages.

* The construction is not expensive.

* The installation of construction is very
fast.

* One size of sample (EN 252) covered for
two tests.

* The samples require no end sealing, no
cable binders and no clamps.

» The assessment is simple and fast: pick-
test or bending (Rapp et al., 2001).

The low durability of spruce and fir in
the double-layer test remains as yet unex-
plained. A possible explanation is the strong
stain of pine sapwood. An antagonism
between blue stain fungus and
Basidiomyces e.g. has been scientifically
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proved by Highley et al. (1988) and Shuichi
et al. (1991). Such an effect means that a
delay in decay of Scots pine sapwood is
imaginable. This would result in a lower
durability of spruce and fir at present.
Another possible reason is the better spore
germination at spruce than at pine sapwood
(Carey, 2002). Hence it is very important to
observe the development of decay in the
coming years.

One probable reason for the varying
durability of the tested heartwood of
coloured softwoods and hardwoods in the
hazard classes is their different moisture
content. Variations of moisture content in
some hardwoods were observed in above
ground tests at L-Joints (Suttie et al., 1998).
In field tests with Lap-joints Militz et al
(1998) found large differences in water
absorption between wood species and
grouped pine sapwood and spruce as highly
absorbent species and larch, douglas fir and
pine heartwood as medium absorbent
species.

The exposition influenced the mois-
ture content and thus the conditions for
decay in wood species. The absorption and
desorption of wood can be affected differ-
ently depending on the construction-situa-
tion (in ground or above ground). For wood
in soil contact a relatively high moisture
content can be expected. The occasional
drying of woods was partly prevented or
greatly delayed by soil contact and vegeta-
tion. The continuously high wood moisture
content in ground contact may have been
the reason for low natural durability of
English oak (Quercus petrea). English oak
contains a relatively high concentration of
water-soluble polyphenols that can be
leached (Sierra-Alvarez et al., 1998).

The five in ground test sites show
great variations in absolute decay, for
example Rhon and Freiburg. The time to
failure will probably be developed in the
same way. Also Gary et al. (1996) deter-
mined relevant differences between the
median specimen life values of heartwood
specimens at five test sites after more than
25 years in ground contact. The variations
in decay in different soil contact test fields
depends especially on the local composition
and activity of wood decay organisms and
not so much on the geographical location.
Within one test field the hazards to decay
can vary greatly (Edlund, 1998).

Obviously in above ground situations
the climatic conditions affect the decay of
wood more than in soil contact. The influ-
ence of the test site on colonisation and

decay by wood-rotting Basidiomycetes was
described in treatise on above-ground field
tests on untreated wood (Grinda et al.,
2001; Preston et al., 1996).

So far our own investigations show
that the differences in durability between
the expositions are greater than between the
test sites.

5 CONCLUSION
5 ZAKLJUCAK

To date it has not yet been possible to
calculate the final durability classification.

However the following conclusions
can be derived from the developments car-
ried out so far:

1. The test exposition (in or above ground)
has a strong influence on the decay activ-
ity and the durability determined as the
quotient of decay of tested species and of
decay of Scots pine sapwood.

2. The above ground tests (double layer
test) revealed a higher durability for all
soft-wood species with coloured heart-
wood (heartwood of Larix, Pseudotsuga
and Pinus) than classified in the EN 350
standard and than the durability in
ground contact.

3. In field tests in soil Quercus robur and
Robinia pseudoacacia were less durable
than in above ground situation and than
in the EN 350 standard.

4. The test site had a strong effect on decay
activity and time to failure.

5. So far the natural durability of heartwood
of Pseudotsuga menziesii, Larix decidua
/ japonica, Pinus sylvestris, Quercus ro-
bur and Robinia pseudoacacia has been
influenced more seriously by test exposi-
tion than by test site.

6. It is proposed that durability class be list-
ed separately for in ground and for above
ground use in the future.
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