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Accumulation of Heavy Metals as
Related to Cation Exchange in Some Forest and
Pasture Soils of Stara Planina (Serbia)
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Abstract

Heavy metal accumulation i the components of terrestrial ecosystems is
conditioned by tlie deposition intensity, soil cliaracteristics, mineral composition,
and vegetation type. The excliangeable ionic reactions bet\veen tlie adsorptive
complex and the soil solution are important sources of rnutricnts and also a
significant mechanisni for heavy metal retardation in the soil. The aim of this study
is to determine tlie effect of cation excliange capacity on lieavy metal accumulation
in the soils under different vegetation (forest and pasture). The differerces in tle
beliaviour of individual elements dependiilg on CEC in forest and pasture soils
result primarily I'roni different ratios of base and acid cations in tlie soil adsorptive
complex and their reactions with heavy metals.

Keyivords: Heavy metal, cation exchange capacity, forest soil, pasture soil

1. Introduction

Heavy metal accumulation in the components of terrestrial ecosystems is
conditioned by the deposition intensity, soil cliaracteristics, mineral composition, and
vegetation type. Soil, as a natural resource, has the main ecological and productioi
function in tlie terrestrial ecosystems. it is signilicant for the retention of heavy metals,
primarily thanks to its buffer and filter role. ln the soil adsoiptive complex, base and
acid cations in different ratios are in dynamic balance with the corresponding cations in
the soil solution. The exchangeable ionic reactions between the adsorptive complex and
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the soil solution are important sources of nutrients and also a significant mechanism for
heavy metal retardation in the soil.

The distribution of exchangeable cations in the soil profiles of the same soil type
depends on the type of vegetation (pasture, forest), as %well as on the properties of the
element and its cycling in the ecosystem (Jobbagy and Jacksoil, 2004). This research is
especially significant in hilly and mountainous areas, whcre forest and agroecosystems
are combined. The study of soil properties in the conditions of different vegetation
covers points to the potentials of the siistainable use of this strategic resource in
different silvopastoral systems.

The research of the soil Chemical properties under different land uses is
especially significant for the organisation of the territory in the aim of siistainable
management. Rualk and Schoeneberger (2003) report that the cultivation of woody
plants and other crops togethier (silvopastorally) improves the soil properties. The same
anthors report that the research during the past two decades emphasised tliree main
indirect processes of soil property improvement: 1) increased N input throngh biological
nitrogen fixation by nitrogen-fixing trees, 2) enhanced availability of nutrients resulting
from decomposition of tree biomass, 3) greater uptake of nutrients from deeper layers
by the roots of tree species.

The content of mineral nutrients in the soil solution is defined by soil type,
climate and vegetation type, i.e., nutrient cycling in the ecosystem. Different processes
and Chemical reactions in the soil, especially the transformation of organic matter, affect
the cation release from the adsorptive complex. Thus, according to Jobbagy and Jackson
(2004), in base satiirated soils (75 - 100%), surface layers contain higlier concentrations
of Ca, Mg and Na under forest, \vhile the content K ions is higher under pasture.
However, according to Krislinasivaniy and Ricliter (2002), the content of base cations is
in direct relation wvith soil acidity. The above authors claim that base cation content in
the top 30 cm of soils is 73.9 % under pasture and 22.8 % unnder forest, where the
observed soil pH-value was lovver. According to the same anthors, carbon content is
higher in forest soils, \vhereas the lower content in pasture soils is attributed to the lo\v
guantity of organic residue and frequent vvildfires. Under such conditions, with small
losses of carbon quantity, pH-value and the content of exchangeable cations increase,
and Al ions are exchanged by Ca2+ions.

Based on the previous research in this area and based on the literatlre, higher
contents -of base cations can be expected in pasture soils, and of aluminium in forest
soils. The differences in base cation contents in the adsoiptive complex will have a
significant impact on the heavy metal accumulation in the soils.

The aim of this study is to detennine the effect of cation excliange capacity on
heavy metal accumulation in the soils under different vegetation (forest and pasture).

2. Material and Metliod

The stidy area is Stara Planina, the localities Babin Zub - N= 43022°35.7”
E= 022037’38.3” altitude 1547 + 4m, Siroke Luke - N= 43014,24.7,, E= 022° 51’36.8”"
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altitude 12SS + 6m, and Prelesje - N= 43fT0,42.5” E= 022°56°20.0” altitinde 1287 +
m.

As for the climate, Stara Planina region is the transition zone bet\veen temperate-
continental climate in the north and montane climate of the Balkan mountainous system
in the southeast. Annual temperature amplitiide declines from the north towards the
sonth and southeast, so the difference in air temperature betvveen Zajecar and
Dimitrovgrad is more than 2°C. The distribution of annual precipitation sum is different
in the area of Stara Planina, in the Timok valley annual precipitation is 700 mm, vvhile
in Pirotska Dolina (valley), it is often below 600 mm. Based on Popovic 5 (2007) study
and the analyses of meteorological data for the area of Stara Planina (Bordevic-
Milosevic, 1996), it can be concliided that the chiange in the direetion of and climate is
undenvay.

Stara Planina vegetation, in general, is cliaracterised by a considerable diversity
of forest, shrub, meadow, pasture and peat bog communities and, as such, it is one of the
centres of flora diversity of the Balkan Peninsula, witlh 147 identified tlireatened and
endeniic species (Misic et al., 1978; Randelovic, Randelovic, 2002).

Pasture areas of the study sites are occupied by plant community Agrostietum
viillgaris (capillaris) Z. Pavlovic 1955. Meadows of Agrostietum vilgaris are of
secondary antliropogenic origin, as they are the result of two anthropogenic factors:
reduced area under forest on the one hand, and mowing, on the other hand. The
association Agrostietimi viilgaris covers a huge area in the hilly region. On Stara
Planina, this community is the dominant meadovv type and it is ividely distributed. In
this area, it develops on quite different sites.

During the plant conununity research in beech forest ecosystems, the community
of subalpine beech forest (Fagetum moesiacae siibalpinitm Greb. 1950) wvas identified
at the site Babinn Znb: canopy 0.6, diameter of mean stand tree ds- 36cm, height 25.4 m
and age 110 years.

The community of montane beech forest (Fagetum moesiacae montamim B. Jov.
1976, subassociation typicum facies asperulosiim) was identified in beech forest
ecosystems at the site Javor: canopy 0.6 - 0.8, diameter of mean stand tree ds- 34cm,
height 24.0 m and age 130 years.

The community of montane beech forest (Fagetum moesiacae montamim B. Jov.
1976, subassociation typicum facies mulum) vvas identified in beech forest ecosystems at
the site Prelesje: canopy 0.7, diameter of mean stand tree ds- 19cm, height 17.3 m and
age 65 years.

Four soil profiles vvere opelied in each of the pasture areas. Based on
morphological and basic physico-chcmical soil characteristics after FAO (1985)
classification, tvvo types of pasture soils vvere determined:

Babin Zub:
Dystric leptosol on sandstone
Javor:
Dystric leptosol on chlorite sehist
Dystric cambisol on chlorite sehist
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Prelesje:

'‘Entric cambisol on sandstone
Dystric leptosol on sandstone.

Four soil proflies were opened in each of the forest areas. Based on
morphological and basic pliysico-chemical soil characteristics after FAO (1988)
classification, two types ofpastiire soils were detemiined:

Babin Zub:

Dystric cambisol on sandstone
Javor:
Dystric cambisol on chlorite schiist and phyllite

Prelesje:

Dystric cambisol on sandstone
Entric Cambisol on sandstone.

FOREST PASTURE

Figure 1. Profile opening scheme in pasture and forest areas

The soils vvere sampled at the depth of: 0-5, 5-10, 10-20 and 20-40 cm. The rnain
physical and Chemical soil characteristics vvere detemiined by ICP Methodology (IPC
Forest Manual, Part Ill, Soil Sampling and Aunalysis, Hamburg, updated 2006). Total
heavy metal content was detemiined by atomic adsorption spectrophotometer (AAS),
and the conservation and preparation of samples by the extraction with HC1, HNO03and
I-1202 (3:1:2). Cation excliange capacity was calculated as the sum ofacid (Al, PI, Fe and
Mn) and base (Ca, Mg, IC, and Na) cations. Exchangeable cations vvere extracted wvitl
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0.1M BaCl2 and measured (ISO 11260 & ISO 14254). The significance of diffelences
betsveen total heavy metal contents, as well as other chaiacteristics of forest soil and
pasture soil, \vas tested by tlie analysis of variance. Indicator values of heavy metal
sorption were calculated according to equation:

Iso= W RIli(range 0- 5)
IAd- Indicator valiie of adsoiption

The retardation indicator (Helhveg, 2000) serves for the classification of of heavy
metal mobility in soils. The retardation indicator is determined in function of the pIT
value and supplements (elay content, organic content, Fe-oxide), and calculated
according to eqnation:

P-h—RIp|.|[+Rloryaitic colntent*P-iclay cnntenl

Indicator values of heavy metal adsoiption (Belanovic, 2006), were calculated according
to equation:

™ x (o: ;i- ifayer (0-5; 5-10 and 10-20)
Ca+Mg+K)c
IA1 - indicator of adsoiption (rank 0 - 10); (TM/(Ca+Mg+K))c - elass of
indicator of adsoiption (elass 1-5),
TM - content of heavy metals (Zn, Cu, Pb and Cd); (Ca+Mg+K) exchaiigeable
ionic Ca+tMg+K;

3. Results and Discussioll

Cation exchange capacity is higher in forest soils than in pasture soils. Forest
ecosystems are characterised by a higher degree of heavy metal retardation than grass
ecosystems or aquatic ecosystems, thanks to their larger relative arca and greater
roughness. The processes such as dry and wet deposition, washing down from the
surface of planl pholosynthetic organs, canopy drop and stem flow and the deposition in
forest litter on the soil surface, as a rule, result in the inerease in heavy metal content on
the soil surface (Vanmechelen et al., 1997).

The results of the analysis of variance (F-test) (Table 1) shovv that there are no
statistically significant diffcrences betvveen total concentrations of Zn, Pb, Cd in forest
soils and pasture soils at the significance level 95%.
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Table 1. Resuilts of the analysis of variance

LSD 95%
Cuz Znz Pb2 Cd2+ orgC Humus totalN CEC Al++ Ca2+ Al/ Al/Ca  AxE Fe Mn
(Ca+Mg)

F
caiculate 7.90 0.01 0.67 146 578 555 7.30 10.0 6.64 0.08 7.29 6.86 7.03 2.69 16.89
F lablc 3.84 3.84 3.84 3.84 394 394 3.84 3.96 3.96 3.96 3.96 3.96 3.96 3.96 3.96
Avcrage 2421 66.22 26.07 081 355 6.19 0.39 30.19 2252 578 8.67 10.66 23.14 0.016 041
value
Forest
Average 3152 66.65 2462 0.69 522 897 0.51 2192 1461 553 3.82 4.65 15.02 0.009 0.22
value
Pasture
Group a a a a a a a a a a a a a a a

homogene a a a b b b b b a b b b b b
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The results of the analysis of variance (F-test) shovv that there are statistically
significant differences, at the significance level 95%, bet\veen (he contents of total Cu,
organic C. hnnuis, total N, exchangeable cations, contents of exchangeable Al, Fe and
Mn, Al/Ca ratio, total acid cations (AXEc), in forest soils and pasture soils. According to
LSD test, at the significance threshold 5%, two groups of factors separate according to
the significance of the contents of total Cu, organic C, humus, total N, exchangeable
cations, contents of exchangeable Al, Fe and Mn, Al/Ca ratio, total acid cations (AxEc).

Heavy metals occur in the soil as exchangeable - adsorbed on soil colloids,
specifically-adsorbed, boiuid in various Chemical compounds (oxides, carbonates,
phosphates, sulphides) and structurally bound in the silicates (primary and secoilidary
minerals) (Adriano, 1986). Different factors affect the bonding of heavy metals to the
soil, and the main problem is the estimation of the heavy metal load in the soil. The load
of heavy metals in the soil can be indicated to some extent by the monitoring of their
content in the soil.

The assessment of the soil sorptive capacity renders significant Information on
the soil siisceptibility to heavy metal loads (Sastre et al., 2006). According to Sastre et
al. (2006) the coiicentration Ca+Mg in the soil solution increases wvith the increase in
heavy metal coilicentration, which points to the cation exchange process betvveen tliese
macroelements and heavy metals. By the increase in heavy metal content, the cation
exchange process increases and leads to the release of Ca, Mg and K from the soil
adsorptive complex. It is a fact that cation exchange is the leading force in metal
sorption.

Sparling et al., (2001) coiiclude that soil pli is related to land use. According to
Krishnas\vamy and Ricliter (2002), the content of base cations is in direct correlation
with soil acidity. They report that base cation content in the stridy conditions, in the top
30 cm under pasture \vas considerably higher than in forest soils \vhere the observed soil
pli-value \vas lower.

Soil acidification has a significant impact on the soil cliemical and biological
processes. Higher acidification of forests and pastures by atmospheric deposition causes
an irreversible declinie of cation exchange capacity (CEC) and the mobilisation of
potentially toxic elements Al, Fe and Mn (Blake and Goulding, 2002). Soil acidification
reduces tlie number of plant species in natural pastures.

Soil characteristics positively correlated with cadmium retention were pH,
organic matter content and cation exchange capacity (CEC), specific surface area, while
free iron oxides \vere negatively con'elated (De Matos, et al., 2001). The bufler
characteristics of the soil solid phase are conditioned by the quaitity of colloids and the
type of adsorbed cations. A high significance is assigiied to the energy of liydrogen ion
adsoiption by the colloids and the degree of colloid dissociation. The soil organic matter
mainly consists of \veak acids so, accordingly, liydrogen ions are \veakly dissociated,
and for this reason organic matter increases the buffering capacity of the soil.
Adsoiption, surface deposition and polymerisation are the examples of sorption, the
basic term for the retention mechaiiism on the soil surface. The sorption of metal cations
depends primarily on pH value, and it is characterised by a narrow pli rank vvlien
adsoiption increases up to alniost 100%. De Matos et al. (2000) shovved the strong.
influence of the cation exchange phenomenon 011 the retardation and mobilily of Zn and
Cd. Zinc retention was positively correlated witli pli, CEC and specific surface area (de
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Matos, et al., 2001). Copper retention has positive correlation with pH, sum ofbases or
exchangeable calcium, organic matter content and to CEC (De Matos et al., 2001). Lead
retention \vas better correlated to elay content, pH and SB or exchangeable Ca (De
Matos, et al., 2001).

Table 2 presenls the relation behveen heavy metals and cation exchange of the
adsoiptive complex. Zn and Pb concentrations inerease with the CEC inerease in forest
and pasture soils. in forest and pasture soils, Cu contents decrease with the inerease of
CEC. Cd concentration inereases vvith the CEC inerease in forest soil, \vhile Cd contents
decrease wvith CEC inerease in pasture soils. The differences in the behaviour of
individual elements depending on CEC in forest and pasture soils result primarily from
different ratios of base and acid cations in the soil adsorptive complex and their
reactions \vith heavy metals.

The heavy metal solubility is mainly caused by relatively constant soil
characteristics, sucl as the contents of organic matter and elay, pH value, but also the
parameters sucli as the concentration of available Ca and the concentration of soluble
organic carbon (De Vries and Bakker, 1998). The assessment of pollutant sorption in the
soil is based on the solid - liquid distribution coefficient, \vhich is the relationl betvveen
the quantity of heavy metals sorbed on the solid pliase and the total concentration in the
solution in contact vvith the soil (Sparks, 1995; Sastre et al., 2006).

Some anthors suggest the ratios of elements as the criterion for the soil Chemical
status from the aspect of root deveiopment, i.e. Ca/Al, Mg/Al, base cations/Al
(Rehefuess and Prietzel, 1998; Alveteg, 1998; Shaodong and Min, 2004). AI/BCE ratio
in pasture soils is on the average lovver than in forest soils in the area of Stara Planina
(Belanovic and Kosanin, 2004). Al/Ca ratio does not define the critical values from the
aspect of root grovvth (Kulliavy, 1998), bt the vvide ratio of Al/Ca results in the low
seed deveiopment of some mountaiiious plants (Van der Berg et al., 2003). Also, the
ratio Al/base cations indicates the changes in critical loads occurring due to the
inereased or decreased deposition (Posch and Hettelingh, 2001). Several studies report
the unfavourable ratio Mg/Al in the soil solution as the main problem of inerement in
European forests (Joki-Heiskala et al., 2003). Rehefuess and Prietzel (1998) claim that
tree vitality and inerement depend on the supply of nutrients Mg, K and Ca in the soil
solution and their interaction vvith Al. Soil acidification has a direct or indirect effect on
the inerease of heavy metal concentration in the soil solution.

The sorption indicator (Table 3) represents the retardation capacity of the soil for
heavy metals, and is obtained from the ratio of adsorptioinn indicators and retardation
indicators. The adsorption indicator points to the equilibrium State betvveen maero
elements Ca, Mg and K and heavy metal contents. If the sorption indicator is higher, the
soil capacity of accumulating and retaining heavy metals is lovver, and this inereases the
potential pollution of surface and ground vvaters and the environmental quality in
general.
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e 2. Results of regression analysis of total heavy metal contents and CEC

=lement Regression equation R R2 P-value F F-tab ta o
(%) p- value p- value
FOREST
I
7. 0.55 30.20 0.0001 19.90 4.04 4.554 4.461
(0,0086 + 0,183 «CEC ) 0.000 0.0001
; 9.78 -1.002
Cu = 33,565 +C£C°"10 -0.15 2.1 0.3215 1.00 4.06 0.000 03215
1 .
Pb - 2 0.43 1S.51 0.0023 10.45 4.04 gggg 2(2)(3);3
(0,0269 + 0,3SSS-C£C ) : '
7,441 5.549 -1.706
Cd = 1,1133 -0.24 5.95 0.0947 291 4.04 ' ’
CEC. 0.0000 0.0947
PASTURE
1 0.69 48.14 0.0000 39.91 4.07 -0.786 6.317
Zll-
(-0,00299 +0,4487 «CEC ) 0.4360 0.000
0.59 34.79 0.000 22.94 4.07 0.475 4.789
Cu =3,1169 + 586,779 «C£C_1 0.6370 0.000
Pb = -27,58 + 16,96 +in (CEC) 0.59 34.61 0.000 22.76 4.07 62651‘:18 gZ)Z)%)
-0.19 3.62 0.2104 1.62 4.07 3.709 -1.271

Cd =0,981-0,015 CEC

0.0006 0.2104

unction parameters; Sr- Standard crror of regression; ta- t- test; tfx1- test; p- confidencc levcl; F - calculated; F valuc; F, - F value fram tables of F distribution; R: - detennination
cient F (0.05; k-1 and N-k); R - correlation coefficient
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Table 3. The indicator value for heavy metal sorption in studied soils

Localitv Profile Is Zn is Cu Is Pb is Cd
FOREST
9 4.24 2.22 1.40 0.95
Javor 10 4.17 2.27 1.69 4.55
n 3.10 153 1.16 3.06
12 2.63 172 132 2.78
17 4.35 2.28 179 4.06
Babin IS 491 2.46 1.89 491
Zub 19 3.89 1.97 1.58 3.94
20 4.67 1.83 1.58 4.00
26 1.52 1.09 0.80 1.52
Prelesje 27 4.33 217 1.70 4.00
28 1.67 1.28 0.97 1.84
29 2.62 1.67 1.16 3.06
PASTURE
1 2.22 131 0.91 0.71
Javor 2 2.80 1.70 11 3.33
3 3.46 1.99 129 3.08
4 2.76 1.50 0.94 2.72
13 2.35 1.24 116 0.63
Babin 14 3.33 2.00 167 3.20
Zub 15 3.70 1.99 161 3.08
16 3.70 2.13 161 3.33
22 2.86 2.08 1.16 3.33
Pielcsjc 23 2.62 1.67 127 3.33
24 2.56 2.03 1.20 2.90
25 3.33 2.17 1.42 1.74

The indicators of heavy metal adsoiption are in relation \vith their accumulation
in individual layers of the above soils and range \vithiin the classes of very low to very
liigh for Cd and medium to very high for Zn, Cu and Pb. Tle sorption indicator raiges
betvveen 0-5, dependiig on 1A and RI, i.e. heavy metal load and retention capacity for
heavy metals in the stidy soils. The differelices are conditioned by the State of nutrient
elements in the soil, edaphic conditions, and type of vegetation.
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4. Conclusion

This research deals with forest soils and pasture soils on Mt. Stara Planina.
Heavy metal accumulation in the components of the terrestrial ecosystems is
conditioned by the deposition intensity, soil cliaracteristics, mineral composition of the
substrate, and vegetation type. In the soil adsorptive complex, base and acid cations in
different ratios are in dynamic balance vvith the correspondiilg cations in the soil
solution. The exchangeable ionic reactions betvveen the adsorptive complex and soil
solution are important sources of nutrients and also a significant mechanism for heavy
metal retardation in the soil.

Zn and Pb concentrations inerease vvith the CEC inerease in forest and pasture
soils. In forest and pasture soils. Cu contents decrease wvvith the CEC inerease. Cd
concentration inereases vvith the CEC inerease in forest soil, vvhile Cd contents decrease
vvith the CEC inerease in pasture soils. The differences in the behavionr of individual
elements depending on CEC in forest and pasture soils result primarily froni different
ratios of base and acid cations in the soil adsorptive complex and their reactions wvith
heavy metals.

The assessment of the soil soiptive capacity renders significant information on
the soil susceptibility to heavy metal loads. The sorption indicator represents the soil
retardation capacity for heavy metals. The adsorption indicator points to the equilibrium
State betvveen maeroelements Ca, Mg and K and the content of heavy metals. If the
sorption indicator is higher, the soil capacity of accumulating and retaining heavy
metals is lovvcr, and this inereases the potential pollution of surface and ground vvaters
and environiiental quality in general.

The indicators of heavy metal adsoiption are in relation vvith their accumulation
in individual layers of the above soils and range vvithin the elasses of very lovwv to very
high for Cd and medium to very high for Zn, Cu and Pb. The differences are
conditioned by the State of nutrient elements in the soil, edaplic conditions, and type of
vegetation.
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Abstiact

Serpiila laciyinans (YVulfen:Fr.) Schiroeter, the dry rot fungus, is generally
accepted as olle of thie most econtomically itiportant wood degrading fungi in some
temperate regions of the vvorld. This study evaluated decay capacity of one isolate
of S. lacrymans at four different vvood species by the two different decay tests by
using vvood blocks and stakes. Besides niass losses in tlie specimens, strengtli losses
and oxalic acid (OA) pioduction in wood by the fungus during decay process vvere
also mcasured. Higher mass losses vvere observed in the wood blocks in soil block
tests vvlien compared to the stakes in a modified soil bed tests. Losses in modulus of
rupture (MOR) in bending vvere niore distinctive in the stakes than mass losses. i
the specimens subjected to decay tests, tliere was a good correlation betvveen botl
niass losses and OA piloduction and MOR losses and OA production. Further
studies are in progress for treated vvood specimens to understaiid copper tolerance
ability ol'S’ lacrymans to copper-based vvood preservatives.

lveyvvords: Serpiila lacrymans, oxalic acid, mass loss, MOR loss, decay

1. Inti oduction

Decay caused by brovvn-rot fungi is the most prevalent and destnictive type of
vvood deterioration because it can cause rapid structural faihire. The dry rot fungus,
Serpula lacityinans (Wulfen:Fr.) Scliroeter is one of the most destructive and importanl
decay fungi in buildings in Northern and Central Europe and it may cause decay and
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striiclural damage in botli timber and masonry (Hastrup et al., 2006). Depolymerization
of cellulose in \vood by brown-rot fungi has been explained by different patlivvays; by
the oxidative radical reactions, such as the Fenton reaction, initiated by the prodiiction
of extracellular hydrogen peroxide (Koenigs, 1974; Higlley, 1987; Ritschkoff and
Viikari, 1991) by one-electron oxidationn (Enoki et al., 1990, 1991) and by production of
oxahc acid (OA) (Schmidt et al., 1981; Becli-Anderson, 1987; Green et al, 1991).
Brown-rot fungi contain at least two different OA prodiicillg enzymes, glyoxylate
oxidase (deliydrogenase) and oxalate hydrolase, and the prodiiction of OA is connected
to the tricaiboxylic acid (TCA) cycle (Shimada et al, 1991). OA plays an important role
in both biovvi and \vhite rot decay. it is also assumed lo be a metabolic byprodiict of
incomplete glucose oxidation eitlier via malate in the TCA cycle or glyoxylale in the
glox cycle (Gadd, 1999; Munir et al, 2001). it is secreted by the majority of bro\vii-rot
fungi, including S. laaymcins, but only in limited amoiints by \vhite-rot fungi becanse of
the presence of the OA-degiading enzyme oxalate decarboxylase (Akainatsu et al,
1992).

There might be no visible damage to the wood although brown rot decay fiingi
initiate colonizatiol and start to release enzymes and organic acids such as OA. During
early decay, color or texture of wood slightly changes, but decay may not be yet obvious
(Clausen and Kartal, 2003; Clausen et al, 2001; Zabel and Morrell, 1992; Kdse 2006).
Hovvever, diie to Chemical changes during inilial colonizatiol, considerable losses in
strength before measurable mass losses can occur (Clausen and Kartal 2003; Kim et al,
1996; Imamura 1993, Schmidt et al, 1978; Wilcox 1978).

it is of great importance to be able to prevent damage by S. laaymcins since this
fungus is able to calise considerable failure in wooden structures. Since a relalionship
betvveen copper tolerance and OA production has been implicated (Hastmp et al, 2005;
Murpliy and Levy, 1983), it is beneficial to know the resistance of S. laaymcins to \vood
treated with copper-containing vvood preservatives. Hovvever, before tolerance tests, it is
important to knovv the ability of the dry-vvood fungus, S. laaymcins to produce OA
during its decay process coiisidering mass and strength losses in 1intreated vvood. The
aim of this study vvas to evaluate OA production and decay capacity in untreated vvood
blocks and stakes firom various softvvood and liardvvood species exposed to the dry rot
fungus, S. laaymcins. In the study, vvood specimens vvere subjected to the fungus in a
soil block test and a modified soil-bed test and strengtli and mass losses in the
specimens- vvere determilied after a 3, 6 and 12 vveeks incubation period togetlier wvitli
pH and OA production.

2. Materials and Methods
2.1. Fungal cuiture

One isolate of Serpula laaymcins (Wulfen:Fr.) Schroeter (ATTC 36335)
provided by the Center for Forest Mycology Research, Forest Products Laboratory,
Madison, W1, USA vvas maintailied on 2% malt extract agar.
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2.2. Decay test

Woocl blocks (19 x 19 x 19 mm) were prepared from sapwood portions of two
soft\vood (Pimts sylvestris L., Ahies bonimiilleriania Mattf.) and two haidwood (Faglis
orienta/is Lipsky, Popiihis x ernnnericcina | 214) logs. The blocks were free of kiiots,
and visible coiicentration of resins, and shovved no visible evidence of infection by mold,
stain on \vood destroying fungi. Ali blocks \vere conditioned at room temperature prior
to steam sterilization for 30 minutes. Blocks were then subjected to S. laciynians in soil
block test (ASTM 1998). Test bottles vvere incubated at 27°C and 70% relative humidity
(RTI) for 3, 6 and 12 vveeks. Mass loss in the blocks caused by fungus was then
calculated from the vveights before and after decay tests. Six replicate blocks for each
\vood species and duration vvere used in the tests.

VVood stakes from the sapvvood portions of the four vvood species (250 mm (L)
by 25 mm (T) by 10 mm (R) vvere exposed to S. laciynialis in a modified cake pan test.
One liter of a 1:1 soil and vermiculite mixtiire vvas placed in an aluminum cake pan. The
surface of the mixture wvas covered wvith rovvs of solithem pine feeders (42 mm by 29
mm by 3 mm). The moisture content of the soil/vermiculite mixture vvas adjusted to
50% of the vvater-holding capacity, and tlie test apparatus vvas autoclaved at 103 kPa
and 121°C for 45 min. When the pans vvere cooled, the feeders vvere inoculated vvith the
fungus by pipetting 100 ml/pan of a 1nacerated 3-vveek-old liquid culture of 5.
lacrynians evenly dver the feeders. The test pans vvere sealed in a plastic bag to preveiit
drying and incubated at 27°C and 70% RH for 3 wvveeks until the feeders wvvere
completely covered by fungal grovvtli. Steam-sterilized test specimens vvere tlien placed
on the top of the feeders and the pans vvere incubated at 27°C and 70% RH for 3, 6 and
12 vveeks. Mass loss in the stakes calised by fungus wvas then calculated from the
vveights before and after decay tests. Six replicate stakes for each vvood species and
duration vvere used in tlie tests.

2.3. Determination of modulus of ruptiire (MOR)

Stakes vvere conditioned at 20°C and 65% RH prior to modulus of ruptire
(MOR) in bending detemiinationls. MOR wvas conducted according to ASTM D4761
(2005). Wood stakes vvere tested on a Losenhianser Universal Testing System equipped
vvith a load celi vvith a capacity of 10,000 N.

2.4. Determination of pil value aicl oxalic acid production

The stakes approximately 25 mm-long by fiili cross-section vvere cut from the
decay zoiie near the mechanical failure of specimen. The pH of vvood wvas determined
by an extraction method. Wood blocks and stakes saniples vvere ground into savvdust.
Savvdust of 2.0 g wvas then immediately added to 50 mi ofboiling de-ionized vvater and
stirred for 5 min. in an Erlenmeyer flask vvith reflux. The mixture vvas standing in the
closed flask for 30 minutes and wvas then rapidly cooled to room temperature. The
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extract was then filtered and pH of the solution vwas measured vvith a glass electrode.
The experiment vvas performed in three replicates.

Soluble OA wvas measured in the same savvdust samples for pil determinations.
Savvdust samples vvere extracted in 3.0 mi 0.1 M phosphate buffer, pH 7.0, for 2 h wvith
shaking. For each extracted sample, OA wvasdetermined by mieroassay with a
diagiostic kit (Trinity Biotech Plclda Business Park Bray, Co., Wicklovv, lieland).
Amoiint of OA wvas expressed as mieromoles OA per gram of final dry vveight of vvood.
The elizymatic reactions involved in the assay procedure are as follovvs:

02
HOOC-COOFI » 2C02+H202
Oxalate oxidase

Peroxidase
H202+ MBTH + DMAB > Indamiie dye + H20

Oxalate is oxidized to carbon dioxide and hydrogen peroxide by oxalate oxidase.
The hydrogen peroxide reacts vvith 3-methyl-2-benzothiazolinone hydrazone (MBTH)
and 3-(dimethylamino) benzoic acid (DMAB) in the presence of peroxidase to yield an
indamine dye vvliich has an absorbance maximiim at 590 nm. The intelsity of the color
produced is directly proportional to the concentration of oxalate in the sample.

3. Results and Discussion

Mass losses in vvood blocks exposed to S. laaymcins for 3, 6 and 12 vveeks are
given in Figire 1. Average mass losses in the vvood blocks ranged from 40% to 60% for
12 vveek incubation period. liighest mass loss wvas seen in P. cliramericana specimens
vvhilst the study revealed mass loss hierarchies of P. euramericanci > P. sylvestris > A.
bornmulleriana > F. orientalis. Hastrup et al. (2006) tested Southern yellovv pilie vvood
blocks (1-0 x 10 x 10 mm) against various strains of S. laaymcins and the strain ATTC
36335 in soil bloclc tests for 10 vveeks. In their study, mass losses ranged from 28% and
53%.
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Figure 1. Mass losses occurred in the \vood blocks.
Sekil 1. Odun bloklarinda meydana gelen agirlik kayiplari.

Relationship bet\veen mass losses and OA production in \vood blocks exposed to
S. laciynians for 3, 6 and 12 weeks are given in Figlre 2. The highest amount of OA
vvas measured in P. sylvestris vvood blocks; hovvever, vwhen compared to 6-vveek results,
amount of OA decreased after 12-vveek-exposure period. Even though higher mass
losses occurred in P. elirramericana vvood blocks than the other vvood species, less OA
production vvas seen in tliose blocks. The OA colicentration and the percentage mass
loss increased in blocks from vveek 3 to vveek 6. In F. orientalis and P. eliramericana
vvood blocks, amount of OA increased from vveek 6 to vveek 12; hovvever, no increases
vvere seen in P. sylvestris and A. bornmilleriana blocks. S. lacrynians continued
producitig mass losses in P. sylvestris and A. bornmilleriana blocks even though tliose
blocks shovved 110 more OA production by the fungus.

Relationship betvveen pFl and oxalic acid accumulation in the vvood blocks is
given in Figure 3. There vvas a clear relation betvveen pH and OA production in the
blocks prepared from F. orientalis. In tliose blocks, as amount of OA increased, pH of
vvood decreased as expected. Some fliictuations vvere observed in P. eliramericana and
A. bornmulleriana blocks, even though OA production by the fungus contitiued. In P.
sylvestris vvood blocks, after 12 vveek exposure period, pFl decreased vvhen compared to
vveek 6; hovvever, OA production also decreased in tlie respective vvood blocks for tlie
salne exposure periods.
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Figlre 2. Relationship betvveen mass loss and oxalic acid accumulation in the wood

blocks.
Sekil 2. Odun bloklarinda oksalik asit tretimi ile agirlik kaybi arasindaki iliski.
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Figlre 3. Relationship between pH and oxalic acid accumulation in the vvood blocks.
Sekil 3. Odun bloklarinda oksalik asit Gretimi ile pH arasindaki iliski.
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Hastrup et al. (2006) studied corrclations between the amount of soluble OA and
the degree of \vood decay in untreated Southern yellovv piiie \vood blocks. They found
that OA levels declined in iieavily degraded wood vvhere average weight rediiction of
about 45-50% occurred. They stated that the amount of soluble OA vvere almost
undetectable in vvood blocks that vvere liglily to completely degraded (Espejo and
Agosin 1991; Itakura et al. 1994). In a study by Green Ill and Clausen (2003), two
different S. lacrynians strains vvere tested to evaluate decay capacities and OA
production in vvood blocks. One strain caused mass loss of about 53% wvith OA
production of about 169 mM; hovvever, the other strain resulted in mass loss of 15%
vvith OA production of 27 mM in Southern yellovv pine blocks. They state that OA
production and a rapid lovvering of pH by decay fungi are important in the initial stages
of brovwvil rot (Becli-Andersen, 1987; Green et al.,, 1991; Shimada et al., 1994). Micales
and Higliley (1988) state that OA production is not alvvays directly related to the ability
of fungi to decay vvood.

Figlre 4 illustrates MOR loss in the stakes exposed to S. laciynians for 3, 6 and
12 vveeks. Higher MOR losses vvere occurred in P. eliramericana, A. bornnilleriana, and
F. orientalis stakes vvhen compared to P. sylvestris. After 12-vveek exposure, MOR
losses in the vvood stakes in F. orientalis, P. eirramericana, and A. bornmulleriana
reached nearly 90%; hovvever, P. sylvestris vvood stakes had MOR losses of about 60%.
In P. enramericana, A. bornnilleriana, and F. orientalis stakes, MOR losses after 6
vveeks vvere as higlh as tliose after 12 vveeks. MOR losses in F. orientalis, A.
bornmulleriana, and P. sylvestris vvood stakes after 3-vveek-decay tests vvere around
40% vvhile P. enrramericana vvood stakes shovved MOR losses of nearly 70% in the
same exposlire period.

0 3 vveek

Figlre 4. MOR loss in the stakes after decay tests.
Sekil 4. Curuklik testleri sonrasinda meydana gelen e§ilme direnci kayiplari.
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Figure 5 shiovvs relationship among MOR, mass loss, and oxalic acid
accumulation in the stakes after decay tests. The mass losses in \vood blocks were t\vo
times greater than wood stakes. Measuring mass loss in the stakes in the modified cake
pan method might be an inaccurate method compared soil block test method where
considerably higher mass losses occurred. The size, shape, and greater volime of stakes
might have slo\ved the progression of fungal colonization (Clausen and Kartal, 2003). In
the study, MOR was reduced 72% to 93% by the time mass losses of 10% to 33%
occurred. In general, OA production was correlated directly vvith decreases in pH of the
substrates. S. laaymcins rapidly lovvered the pH to 2.9 after 3 to 12-\veek decay process
in P. sylvestris, A. bormiilleriana, and P. euramericana vvood stakes. Highest OA
production vvas observed in the stakes from P. euramericana vvhere highest MOR and
mass losses occurred. F. orientalis and A. borunmiilleriana stakes also shovved MOR
losses rnore than 80%; hovvever, lovver OA and mass losses vvere found in the respective
stakes in comparison wvith P. euramericana vvood stakes.

L 10xalic acid

Figire 5. Relationship among MOR, mass loss, and oxalic acid accumulation in the
stakes after decay tests.

Sekil 5. Curlklik testleri sonrasinda egilme direnci drneklerinde direng kaybi, agirhk
kaybi ve oksalik asit Uretimi arasindaki iliski.
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In a study by Clansen and Kartal (2003) MOR shovved tlie most rapid decline of
mechanical properties tesled in cake pan method 1sing wood stakes. In their study,
stakes showed a 6:1 ratio of strength loss to \veight loss after 4 weeks incubation and
MOR was reduced 19% by the time 3% \veight loss had occurred. I a study by Curling
et al. (2001), the effect of hemicellulose degradation on strength properties of \vood was
stiidied by exposing Southern yelloiv piine stakes to GloaophyUiun (rabenm. Their results
shovved a ratio of strength to \veight loss of approximately 40:1.

Figures 6, 7 and 8 represent relationships betiveen mass loss and oxalic acid
accumulation, MOR and mass loss, and MOR loss and oxalic acid accumulation in the
stakes after decay tests. i general good correlations were observed betiveen mass loss
and oxalic acid accumulation and MOR and mass losses in the stakes. Hovvever vveaker
corielation \vas foud for MOR loss and oxalic acid prodiiction.

Oxalic acid (gmol/g)

Figure 6. Relationship betvveen mass loss and oxalic acid accumulation in the stakes
after decay tests.

Sekil 6. Curlklik testleri sonrasinda egilme direnci Orneklerinde agirlik kaybi ve
oksalik asit tretimi arasindaki iliski.
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Figure 7. Relationship between IylOR and mass loss in the stakes after decay tests.
Sekil 7. Gurukluk testleri sonrasinda egilme direnci drneklerinde diren¢ ve agirhk
kayiplari arasindaki iliski.
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Figlre 8. Relationship between MOR and oxalic acid accumulation in the stakes al'
decay tests. .

Sekil 8. Curukliuk testleri sonrasinda egilme direnci Orenklerinde direng kayiplari w
oksalik asit Uretimi arasindaki iliski.
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5. Conclusions

This study evaluated decay capacity of the dry wood fungus, S. ktciymcins in
various wood species measuring mass losses, OA production and strength losses in
vvood specimens. In the study, untreated vvood specimens vvere exposed to the fungus in
both soil block tests and modified soil bed tests. In the soil block tests, more mass losses
in the vvood blocks vvere observed in the stakes subjected to soil bed tests. Amount of
OA production by the fungus dver the vvood blocks wvas greater than the stakes. MOR
losses in the stakes vvere miich more apparent than mass losses to determine initial steps
of tlie decay by the fungus. Further studies are in progress to evaluate copper tolerance
of S. laaymcins considering OA production and different vvood species treated wvith
copper-containing vvood preservatives.
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Ozet

Kuru curuklik mantari Serpula laaymcins (Wulfen:Fr.) Schroeter, dinyanin
ihhman bolgelerinde dnemli ekonomik kayiplara neden olan odun tahripg¢isi mantarlardan
biri olarak kabul edilmektedir. Bu ¢alisma, dort farkli aga¢ odunlarindan 2 farkli boyutta
hazirlanan orneklerde uygulanan 2 farkli c¢lriklik testinde S. laaymans'm bir
izolasyonunun olusturdugu c¢iriklik kapasitesini incelemektedir. Clrlikliuk strecinde S.
laaymcins tarafindan drneklerde olusturulan agirlik kayiplarinin yani sira, direng
kayiplari ve olusan oksalik asit miktari da belirlenmistir. Modifiye edilmis toprak yatak
(soil bed) denemeleriyle karsilastirildiginda, toprak blok (soil block) denemelerinde
odun drneklerinde daha ylksek agirlhik kayiplari meydana geldigi gorilmiisatiir. Egilme
direnci deneme orneklerinde meydana gelen diren¢ kayiplari, agirlik kayiplarina gore
cok daha ayirt edicidir. Curiklik denemelerinde kullanilan érneklerde hem agirlik kaybi
ile oksalik asit tretimi hem de e§ilme direnci kaybi ile oksalik asit Gretimi arasinda iyi
bir iliski oldugu belirlenmistir. Bakir esasli emprenye maddelerine karsi S. laaymcins
mantarinin emprenyeli odun &rneklerinde bakir toleransi kapasitesinin belirlenmesine
yonelik calismalar strdurulmektedir.

Anahtar Kelimeler: Serpula laaymcins, oksalik asit, agirhik kaybi, egilme direnci
kaybi, ciriklik
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Abstract

Data generated ironi vvood-product durability evaluations can be difficult to
interpret. Standard metliods used to evaluate the potential loig-term durability of
vvood products often provide little guidance on interpretation of test results.
Decisiolis on acceptable performance for standardization and code compliance are
based 011 the judgment of revievvers or committees. This decision-makiilg process
has potential pitfalls, especially vvlien tliei e is pressure to minimize the time needed
for evaluation. This paper discusses some of the pitfalls encountered in
interpretation of in-ground and above-ground durability test data and suggests
areas vvliere more prescriptive performance criteria niay be vvarranted.

Keyvvords: Durability, performance criteria, evaluation methods, vvood products

1. Introductiolnl

The evolution in durable vvood products continues to accelerate. Safety and
environmental concerns vvith traditional and second gelleration vvood preservatives have
led to the evaluation of less toxic preservatives and allernatives to preservative
treatment. In the United States the effects of vvithdravval of chromated copper arsenate
(CCA) from most lumber applications in 2004 continues to ripple through the industry.
The last feww years have scen the introduction and rapid acceptance of a micronized
copper formulation of alkaline copper quat (ACQ) as vvell as the introduction and
commeicialization of two metal-free organic preservative systems. Numerous other
types of preservative formulations are rumored to be on the near horizon. A barrier vvrap
system has gained acceptance for use in combination vvith lovver preservative ielentions,
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and there is increasing interest in the use of naturally durable tropical hardvvoods. Non-
preservative approaches to durability such as thermal treatments and modified \vood
liave bcen commercialized in European countries, and their potential is being exploied
in the United States.

This trend of rapid changes in types of preservative treatments appears likely to
continue. In the United States one of the drivers in this process has been the formation
of the ICC-ES (International Code Council- Evaluation Service (ICC-ES) in 2003. The
ICC-ES provides an additional 1oute for proponents of potential new preservative
treatments to demonstrate compliance with building codes. Prior to the formation of the
ICC-ES, building code acceptance \vas typically achieved through standardization in the
American Wood Protection Association (AWPA, formerly American Wood-Preservers’
Association). Although most of the recent activity has targeted residential applicatiolis
for treated vvood, changes in preservative treatments for industrial applicatiolis are also a
possibility. Creosote, pernitachlorophenol and CCA are currently undergoing revievv by
the U.S. EPA, with decisions on futire allovvable uses expected in 2008. In many
European countries the 1ovement avvay from traditional preservative treatments
occurred earlier than in the United States, but chaiige continues in these countries as
vvell. Preservatives that vvere considered benign a decade ago face increasing scrutiny
from regulators and the public. ~’

The rapid evolution of durable vvood products has further lighlighted an old
problem in vvood preservatioll... hovw do we evaluate long terin durability wvith sliort
term tests? There is no shortage of test methods. Over the last century numerous
laboratory and field test metliods have been developed to evaluate durability, and many
of these metliods have gained broad acceptance in Europe, Australia, Asia and the
United States. In the United States the AWPA has dver 20 preservative evaluation
Standard metliods, and otlier orgaiiizations, such as ASTM International, liave applicable
methods as wvvell. The AWPA and ICC-ES both provide lists of tests that ninst be
conducted before a durable product can expect to gain acceptance. The ICC-ES
typically prescribes that AWPA test metliods be used to evaluate a preservative. These
methods delail the testing procedures, and in some cases suggest or prescribe the
mantier of presenting the results. Hovvever, tlie metlhiods generally provide little
guidance on hovv to inteipret the results in teriiis of expected service life or in terms of
“pass/fail” criteria. In other vvords, what is tlie significance of an average stake rating of
9.0 after 3 years exposure? Does llis rating demonstrate efficacy of a preservative in
ground-contact? A similar problem in data interpretation exists in European countries,
vvhere there is a need for a liarmoiiized system for durability classification (Brisclike and
Rapp, 2007). Standards used in some countries do provide niore guidance than tliose
used in the United States, and some countries liave attempted to address this conceril by
incorporating approvai criteria into their testing protocols. For example, acceptance of a
candidate preserv'ative 11ay be based on its equivalent performance to refereiice
preservative once specimens treated wvith the refereiice preservative liave degraded to
belovv 70% mean soundiiess (AWPC, 1997).

In the United States the interpretation of test results has traditionally been
handled through debates and votes wvvithin the committee structiire of the AWPA.
AWPA siibconimittees are composed of representatives from industry, acadeniia and
governnient agencies wvho lave sonie familiarity vvith condiictinng and interpreting
durability evaluations. The durability results of test products are compared vvith tliose of
establislied durable products and 1ion-durable Controls. Ultimately, hovvever, the
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decision of acceptable performance and standardization remains semi-qualitative. This
pcocess'has the advantage of flexibility; it allovvs silbcommittee members to consider a
wide range of factors that may affect interpretation of test resilts. Hovvever, it is also
villnerable to subjectivity, and potentially the tendency tovvard a lovvering of the bar in
judging acceptable performance. Altholgh the process of coisidering data packets
differs somevvhat in the ICC-ES, the potential problem of subjective inteipietation
remains. In this paper \ve discuss some of the pitfalls encountered in inteipietation of
durability test data, and suggest areas vvhere more prescriptive performance criteria may
be vvarranted.

2. Groiind Contact Durability Evaluations

Groilind-contact field exposures have been used to evaluate durability for 6ver a
century, and stake and post tesis continue to be the primary test method for products
intennded for use in ground contact. Hovvever, there are several factors that can internet
to affect the resiilts of these tests. Peihaps the most important of these factors are site
conditions and duilation of the test. It has loig been recognized that deterioration is more
rapid in vvarm, moist elimates tiran in cool or dry climates. The AWPA standards
recognize that elimate affects the 1ate of deterioration, stating that vvhile the minimum
exposui*e time is 3 years in higl decay hazard areas such as Southern Mississippi, longer
exposure times are required for lovver decay liazard test sites siich as YVisconsin. It is left
up to the diseretion of the siibcommittee evaluating the pioposal to deteniiine wvhelher*
the length of the exposure is adequate, but in the past 3-5 years of data have generally
been considered to be sufficient. Hovvever, a comparison of matehed sets of stakes
(Figure 1), demounstrates that the resilts derived from northern climates are potentially
misleading, even vvith longer exposules. In this case the test preservative had an average
rating of 9 after 5 years of exposure in YVisconsin. Based on these data one might have
the impression that the formulation is a promising candidate for proteeting vvood in
ground contact applicatiols. it is apparent from the Mississippi data, hovvever, that this
formulation wvill not adequately protect vvood used in the southeaslern U.S.

Similar challenges in interpreting data from different sites are encoiiitered in
Eulopean countries (Edlund et al, 2006; Brisclike and Rapp, 2007). The performance of
untreated Controls does provide some indication of the severity of a test site, but contiols
may fail so rapidly that the data is difficult to use in developing adjustment factors. It
has been proposed that the differences in sites be can be parlially accoiinted for by
creating adjustment factors based on the relative performance of refereiice materials at
various sites (Brisclike and Rapp, 2007). YVhile this approach vvould remove some of the
subjectivity in determining the required lengtli of exposure, it is not a perfect solution
because the effect of test site on preservative performance is a funetion of the
formulation (or type of produet) being evaluated. Thus, we caniiot alvvays assume that
exposure for a certain number of years in a moderately severe site is equivalent to
exposule for a certain number of years in a more severe location. Perhaps the most
practical solution is to require data from at least one test site that has demonstrated a
severe deterioration liazard.
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Figure 1. Example of difference in ratiligs obtained for stakes exposed in Wisconsin
(moderate hazard) and Mississippi (severe hazard).

Length of exposure is also a concem even within ligh decay hazard areas. As
mentioned above, a minimum of tliree years is specified in AWPA guidelines for
preservative evaluation. Flowever, it is far from clear that three years is sufficient. For
example, consider the ratings of stakes in one of the USDA, Forest Products
Laboratory’s plots in Southern Mississippi. This plot contains dver 100 treatment groups
(preservative/vvood species/retention combinations), each of vvliich \vas replicated wvith
20 stakes (19 by 19 by 457 mm). In Figlre 2 we graphically compare how well the
average stake ratings at three years correspond to their ratings after 11 years of exposure
(the mosfrecent rating of this plot). Treatment groups with an average rating of less
than 9.4 after tliree years ali performed poorly, vvith average ratings falling belovv 3 after
11 years. Treatment groups wvith an average rating of 10.0 (ali 20 stakes rated as perfect)
after three years faired better, but only half of these groups appeared to perform as vvell
as the reference preservative (ground-contact retention of chromated copper arsenate,
CCA Type C) after 11 years. And, 4 of the treatment groups wvith an average rating of
10.0 after 3 years had declined to an average rating of 7 or belovv after 11 years. Thus,
perfect ratings or equivalent perfomiance to CCA after three years does not provide a
high degree of confidence that a test system wvill be performing similarly to the
reference preservative dver the long term. Increasing the duration of the test to 5 years
improved the prediction of performance at 11 years. Eleven of the 18 groups performing
as vvell as CCA after 5 years (average rating of 9.85 or above) continued to perform at
least as vvell as CCA after 11 years. Hovvever, ratings of 2 of these groups did drop
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siibstaitially between 5 and 11 years. Noilie of the 15 treatment groups vvith average
ratings betvveen 9.0 and 9.8 after 5 years vvere performing as vvell as CCA after 11
years, and average ratings of 6 of these groups diopped to 7 or belovv. This indicates
that even small differences in average ratings in the 9 -1 0 range are important in
predicting future performance. It is vvorlhvvhile noting that ali of the systems evalnated
in this plot are considered to be relatively resistant to leaching. These data indicate that
vvhen evaluating preservatives intended for use in ground contact in high hazard areas, a
minimum of at least 5 years of exposure data is needed, and that the average rating of
the test preservative should be at least as high as that of the reference preservative. Even
slight evidence of vulnerability after 5 years appears to be a strong indicator of poor
future performance. Studies are needed to explore these temporal relationships in
greater detail vvhile accorinting for the possible underlying deperidencies.

The European Standard EN 252 for ground contact exposure does require a
minimum of 5 years of testing before results can be interpreted (CEN, 1998). Hovvever,
similar colicems have been expressed about the use of 5 year data from Nordic test plots
to predict long term performance (Edlund et al.,, 2006). Edlund et al compared the
average ratings of dver 700 treatment groups (approximately 10,000 total stakes) at 5
and 10 years to their median life and concluded that even treatment groups vvith no signs
of decay after 5 or even 10 years may have a relatively short median life (Edlund et al.,
2006). One treatment group vvith no evidence of decay after 10 years had a median life
of only 14 years.

Figlre 2. Comparison of average ratings at 3 years or 5 years to average ratings after 11
years. Each point represents the average of 20 replicates.
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3. Above-Ground Durability Evaluations

Evaluation of preservatives intended for vvood used above-grouind has proven
even more difflcult than ground contact evaluations. Although it is recognized that the
decay environment presented by stake tests is very severe for products intended for use
above-ground, the selection of an appropriate above-ground test method has been
problematic. The greatest source of difficulty appears to be the wvvide variations in
severity of exposure for vvood used above-ground. The severity of above ground
exposure does vary vvith climate (Lebovv and Highley, 200S; Rapp et al., 2006; Zahora,
2002), but it also varies greatly vvith construction practices and localized site conditions
that influence moisture, temperature and UV exposure. In areas vvhere organic debris
can collect in connections, the above-ground decay hazard can be high (Figire 3).

Figure 3. Accumulated organic debris lielped to promote decay in the end-grain of this
cedar decking. "A

A vvide range of test metliods has been used to evaluate above-ground decay
(Blom and Bergstrom, 2006; Clausen et al.,, 2006; De Grool and Highley, 1995;
Highley, 1995; Lindegaard and Morsing, 2003; Van Acker and Stevens, 2003; Zahora,
2002). Substantial research on above-ground evaluations continues to take place in
Europe, vvhere the transition to use of “above-ground only” preservatives has preceeded
that in the United States. Despite extciisive research hovvever, it remains unclear howv
wvell above-ground tests characterize the hazard, or if tliey actually accelerate the rate of
decay relative to in-service applications. Much of the difficulty is derived from creating
test arlangements that simulate the moisture-trapping conditions preseni in actual
striictures. Most methods utilize some type of joint, connection or layering in an effort
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to trap moisture (Figlre 4), but this effect can be undermined by the use of specimens
vvith small dimensions. Although the smaller dimensions do allovv more rapid deteetion
of decay once it is present, smaller specimens dry more rapidly than dimension lumber.
Smaller specimens also may be less siisceptible to the formation of the checks that allovv
penetration and trapping of moisture in larger material (De Groot and Higliley, 1995).
Thus, although we associate the use of small specimens wvith accelerated testing for
vvood placed in ground contact, this assimption may be misleading for above-ground
evaluationis. Some studies siiggest that common test arrangements may actually slovv the
time needed for decay to develop. li a comparison of tests units of untreated Southern
pine sapvvood exposed above-ground in Southern Mississippi, the most rapid visually
evident failure (6 years) vvas acliieved by siniply using 102 mm thick planks (De Groot
and Highley 1995; Esyln et al., 1985) (Figire 5). An earlier stiidy reported that initial
decay wvas not observed in untreated pine cross-brace units (20 x 75 x 15 mm) until after
6 years of exposure in Southern Mississippi (Esyln et al., 1985). in contrast, the authors
of this report often observe fruiting bodies of the brovvii rot fungus Gloeophyllimi
sepiariitm after only three years of exposure of Southern pine decking specimens (38 by
140 x 914 mm) in the lovver decay hazard elimate of Southern Wisconsin. It is vvorth
noting that visual evidence of decay is often a delayed indicator of fungal colonizatioil.
It is possible to culture the vvhite-rot fungus Irpex lacteus froni both lap joints and L-
joints after as little as 4 monthis of exposure in Wisconsin. li addition to the effects of
specimen dimensions, none of thie commonly used test i1ethods simulate the
accumulation of decaying organic debris that often occurs in coniiections of treated
vvood used above-groiiid. Specimens are typically exposed in open areas to remove
variability associated vvith nalural shading, and vvhen organic debris does accumulate it
is removed during peliodic inspectionis. The role of shading in piomoting above-ground
decay wvas reported by Augusta and Rapp (2003) and Rapp et al. (2006), wlo attributed
the effect to the inereased vvood moisture content.

Above-ground evaluations are further complicated vvhen the effects of vvood
species and composite prodiicts are considered. Although vvood species do lave some
affect on gronnd-contact dirability, the relative species effect becomes mucli greater in
the slovver deteriolation that occurs above-ground. Il evaluations of sapvvood much of
the species effects may be attributed to permeability, or resistance to moisture
absorption. Several studies liave reported substantial differences in vvood moisture
content for vvood species exposed under identical test conditions, (Blom and Bergstroni,
2006; Lindegaard and Morsing, 2003; Miltz et al., 1998). Because moisture content is
the primary limiting factor in above-ground decay, even small differences in moisture
content can affect durability evaluations. Moisture absorption and retention also differ
greatly for composite prodiicts. The quantity and properties of the adliesive, and the
sliape and orientation of the fumislh greatly influence moisture absorption. Il some cases
initial moisture absorption is lovv, but inereases dver time as irreversible svvelling occurs
(Laks and Larkii, 2007). The vvood fibers vvithin vvood-plastic composites prodiicts are
particularly slovv to acquire moisture, but fibers near the surface eventually do gain and
maintain sufficient moisture to sustain decay (Clemons and lbach, 2004; Wang and
Morrell, 2004). Specialized test 111ethods 111ay be required to evaluate durability in these
prodiicts.



36 Stan Lcbolv, Bcssic Woodward, Patricia Lcbhow and Caiol Clausen

Figlre 4. L-joint specimens are configured to trap moisture with the intent of
accelerating fungal colonization.

Figlre 5. Estimated years to failure for various specimen configurations of iintreated
Southern pine sap\vood exposed above ground in a higli decay liazard climate.
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In the United States the AWPA currently lists three Standard field test methods
for evaluating above-ground decay: the L-joint method (Standard E9), lap-joint method
(Standard E16) and the ground-proximity method (Standard E1S). The lap joint method
attempts to address the shortcomings of small specimen dimensions and debris
accumulation by providing a larger joint area that is conducive to moisture
development. The ground-proximity test is a newer method that is ilitended to provide a
more severe exposlire because the specimens are placed directly on cinder blocks and
covered vvith shade cloth (Zahora, 2002). Holvever, it uses small (19 by 50 by 125 mm)
specimens \vithout any oveliap or joint areas, and its relative severity appears to vary
with location. A fourth method, utilizing decking specimens, is in the final stages of the
standardization process. Under current AWPA guidelines any of these standardized
methods can be used to evaluate above-ground durability for any intended above-ground
use.

The European standards also incorporate two above-ground testing methods.
Standard ENV 12037 is a lap-joint method for general evaluation of \vood to be used
above-ground, vvhile Standard EN330 is an L-joint method primarily intended for
evaluation of wood that will be coated in sendce (CEN, 1993; CEN, 1996). Standard
ENV 12037 does provide guidance.oll test duration, requiring that the test be continued
until the untreated Controls reacli a mean 1ating of 3 (severe decay). Standard EN 330
recommends that the test be continued for a minimum of 5 years, and preferably until
failure.

Bolli the United States and European methods do point out that meaningful
resiilts are not obtained until the untreated specimens reacli a certain level of
deterioration, but AWPA guidelines for preservative evaluation also State that a
minimum of only three years of data may be needed in high hazard climates. This
relatively sliort test duration may be based on the optimistic assumption that the above-
ground test arrangements provide for accelerated testing. The Standard methods do not
provide criteria for ratings that woilld be considered acceptable or “passing” for the
preservative-treated specimens, and given our uncertainty about the relationship
betvveen the resilts of these tests and in-service performance such criteria may be
difficult to develop. It is also worth noting that although we may associate above-
ground treatments vvith decking, the sanie use category also applies to striicturally
critical suppoit members used above-ground. Given the ramiflcations of failure in some
of these members (e.g., second story baleony supports) some cousideration should be
given to providing more conservative durability estimates. There may; be valile in
returning to the use of stalce tests to provide truly accelerated evaluations for
preservatives intended for use above-ground.

4. Reporting Average Ratings

It has become common practice to 1eport only average ratings in preservative
evaluation data packets submitted to A\WVPA, and \ve have routinely referred to average
ratings in this paper as vwvell. While averages are perhaps the single most deseriptive
statistic, tliey do not alvvays accurately characterize the performance of a preservative
system (De Groot and Evans, 1998, 1999; Link and De Groot, 1989). Variability in
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performance and the occurrence of early failures can provide important information in
evaluating a preservative. Figlire 6 provides an example of hovv average ratings may not
fully captire the performance of copper based preservatives. in this case 20 replicates
vvere used, and the treatment group had respectable average ratings of 8.9 after four
years and 7.7 after 5 years of exposure in a severe decay environment. Hovvever, vvithin
3 years 2 of the stakes had failed completely, and after 5 years a total of 4 of the 20
stakes had failed. Ali of the remaining stakes had ratings of eitlier 9 or 10, wvith 10
remaining the inost common (mode) rating. This pattern of high ratings for most stakes
and complete failures of otliers is frequently observed in tests of copper-based
preservatives in plots vvhere copper tolerant fungi are present. Likevvise, termite
distribution is inherently non-uniform wvvithin a test plot and this may also affect the
performance of individual stakes. Il other situations, such as wvith some naturally
durable species, there may be a wvvide distribution of durability ratings betvveen
specimens that is not adequately characterized by simply presenting the average rating.
Link and De Groot (1989) discuss the problem of relying too lieavily on average ratings,
and suggest the use of box plots to characterize the “time to failure” for stakes vvithin
each treatment group. Prior to 2003, the AWPA standards did include a method for
moie detailed data analysis and piesenlation. Hovvever, this “Standard Procedure for the
Calculation of the Performance Index of Preservatives in Stakes and Posts” wvas
mathematically complex and the Standard vvas eventually removed for lack of use. For
key durability tests it may be vvorthvvhile to again provide additional guidance on the
type of data presented in summarizing the performance of a candidate preservative
system. This guidance could be as siliple as prescribing the type of data presented (i.e.
box plots or number of stakes in each rating category) or a more thorough stalistical
analysis.

Figire 6. Example of average ratings masking the occurrence of early failures.
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5. Conclusions and Recominendations

The inereasing pressure to rapidly evaluate and commercialize durable vvood
products is challenging our ability to interpret the results of short-term durability tests.
The current process of subjectively interpreting data packets is vulnerable to the
pressure for rapid commercialization, and there is potential for a loss of conservatism in
our performance criteria. In the United States data packets may be revievved by
organizations vvhose members are not familiar wvith the intricacies of vvood produet
durability evaluations.

For evaluation of products intended for use in contact vvith the ground, it appears
that even extended durability evaluations conducted in less severe (northeni) climates
may not be adequate for estimation of durability in more severe climates. A practical
solution vvould be to require data from at least one test site that has demonstrated a
severe deterioration hazard. Even in severe decay liazard climates, excellent
performance of stakes after only tliree years is not a reliable indicator of long term
durability. Basing test duration or performance criteria on the durability of untreated
Controls also does not appear to be sufficient for ground contact evaluations. The
approach used in Australia, vvhere test duration is based on the performance of low
concentrations of an established reference preservative, does appear to have some merit.

Our current methods of assessing above-ground durability may not accelerate
decay in comparison to some conditions encountered for durable vvood products in
service, suggesting thiat much longer evaluation periods or more severe tests should be
considered. Altematively, above-ground uses coild be further divided, vvith more
stringent test methods ntilized for products intended as above-ground structural
supports. Ground-contact testing of products used in structurally critical above-ground
members may be 1iecessary until appropriate above-ground test methods are developed.

interpretation of test data also remains problematic. A return to more preseriptive
data preseltation may be vvarranted, as average ratings do not alvvays adequately
characterize the performance of a durable produet. In addilioi, methods should provide
more specific guidance on the distribution of ratings that is considered to represelt
adequate perforalance.
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Abstract

In this study, dynaniic niodulus of elasticity (MOEd of ply\vood,
particleboard and mediuni dcnsity fiberboard (MDF) were determined by using a
Fast Fourier Transform (FFT) analyzer and compared to tlieir mechianical
properties obtained froni tlie same speciniens. It was revealed that strong
correlations between MOE() and static bending properties (MOEs, MOR) >vere
found in both longitudinal and bending vibration for particleboard. There ivere
also good correlations behveen MOEd and bending properties of MDF. The MOEd
in longitudinal and bending vibration is acceptable to predict the bending
properties of plyivood in pai allel direction to long axis. Honever poor correlations
\vere found behveen MOEdand IB in particleboard and MDF.

Ilveywords: NDE, vibration frequency, dynamic MOE, strength properties, wood-based
composites.

1. Introduction

The physical and meclianical properties of vvood-based composite products have
\vide variations and many factors can contribute to those such as; ralv material
parameters, species, resin types, manufacturing parameters including pressure, press
time, tempelature, machiies and equipments. On the other hand, quality requilements
for \vood based panels have to be fulfilled as specified in staiidards and by customers.

Systems of quality control in the \vood based panel industry are using different
methods to ensure continuous pioduction of guaranteed quality products. In order to
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evaluate the quality of \vood composites, genelally, full-sized panels are seleeted
ranidomly from production line and small diameter specimens sawn from these panels
are tested destruetively. The mechanical properties of seleeted panels can be determined
conclusively by destruetive test methods. Holvever, by the effect of numerous
uncountrolled variables tliose values may not reflect the otlier panels properties,
manufactured under the same conditions. The Turkisli Standard, TS EN 326-2 (2006)
allows alternative tecliniques instead of standardized tests for quality control of \vood
based panels if a significant correlatiol between measurement and Standard test can be
proven. Tlierefore, quick and accurate non-destruetive evaluation (NDE) metliods seeni
as an effective alternative to predict mechanical properties of panel products and to
ensure quality requirements.

NDE have been used for many years to evaluate properties of vvood products.
Among the different techniqiies that have been used for predieting the quality of vvood
and vvood based composite materials, one of the most commonly used metliods is the
stress vvave NDE. It uses lowv stress molecular motions to measure two fundamental
material properties: energy storage and dissipatioln. Energy storage is manifested as the
speed at vvhich a vvave travels in a material. In contrast, the rate at vvhicli a vvave
attenuates is an indication of energy dissipation. Jayne argiied that energy storage and
dissipatioln properties are controlled by the same mechanisms that determine a
material’s mechanical beliavior. Thus, useful matliematical relationships betvveen stress
vvave and static mechanical properties sliould be attainable througli statistical regression
analysis techniques (Ross and Tellerin, 1988).

In past several years, a number of research vvere conducted by using NDE
metliods ineluding stress vvave teclinique in order to predict the quality of vvood based
composite. These stiidies focused on relationships betvveen vvave velocity - dynamic
modulus of elasticity and static elasticity - strength properties. Hovvever, some
reserehers found useful correlations among these parameters. Pellerin and Morsctiauser
(1974) reported a good correlatioll betvveen squale of longitudinal vvave velocity and
static MOE wvith r-values of 0.93-0.95 and MOR wvith /-values of 0.87-0.93. Another
research about the using of stress vvave tecliiique in vvood-based composites also
shovved tliat there vvere strong correlations betvveen square of longitudinal vvave velocity
and MOE in tensile vvith an /-value of 0.98, ultimate tensile strength wvith an /-value of
0.91, flexural MOE wvith an /-value of 0.97, and MOR wvith an r-value of 0.93. In
addition, there wvvere good correlations betvveen dyliamic MOE aridLstatic MOE in
tension vvith an r-value of 0.98, ultimate tensile strength vvith an /-value of 0.93,
flexural MOE wvith an r-value of 0.96, and MOR wvith an /-value of 0.92 (Ross and
Pellerin, 1988).

In brief, the vvave velocity and attenuation could be used successfully to predict
the static tensile and flexural properties of vvood based composite materials. Ross and
Pellerin (1988) predieted a useful relationship betvveen stress vvave velocity and
attenuation and internal bond (IB). Similarly, Vogt (1985) stiidied on MDF and it vvas
found a good relationship betvveen square of vvave velocity and static MOE in tension
vvith an /-value of 0.90, static MOE in bending vvith an /-value of 0.76, ultimate tensile
strength wvith an /-value of 0.81, and MOR wvith an r-value of 0.96. Furthermore good
correlations vvere achieved betvveen dyliamic MOE and static MOE in tensile vvith an r-
valie of 0.88, static MOE in bending vvith an r-value of 0.72, ultimate tensile strength
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wvith an r-value of 0.88, and MOR with an r-value of 0.92. It was also investigated the
possibilities of using stress wave to predict internal bond strength of particleboard and
structural panel products by Vogt (1986). It was reported tlat there were relationships
between the square of vvave velocity and internal bond with a correlation coefficient of
0.70-0.72 and betvveen dynamic MOE and internal bond with a correlation coefficient of
0.80-0.99. Han et al. (2006) found that both MOE and MOR of wood based panels
(ply\vood, oriented strandboard and particleboard) vvith related to moisture effect and
they at different moisture colitents can be estimated by observiiig the longitudinal \vave
velocity. Sotomayor (2003) found a strong relationship between static MOE and
dynamic MOE based on stress wave velocity.

Some otlier NDE methods except stress vvave technique have been also
employed to estimate meclianical properties of \vood-based panels. Vibration teclinique
and ultrasound velocity, parallel and perpetidicular to panel surface have been used for
this purpose and good correlations \vere found (Bektha et al., 2000; Dunlop, 1980;
Kruse, 2000; Schivveitzer and Nieniz, 1990; Sotomayor, 2003; Sun and Arinia, 1999;
Vun et ah, 2000; Yang et al., 2005).

The objeetive of this study is to evalilate stress vvave velocity and dynamic MOE
of the vvood based composites such as plyvvood, particleboard, and niediuin density
fiberboard determined by using of longitudinal and bending vibration frequerlicy
measured by Fast Foutier Transform (FFT) analyzer and investigated the possibilities of
predieting the static meclianical properties of vvood based panels.

2. Material and Methods

Commercially manufactured 3 particleboards wvith a dimension of
18x2100x2800 mm, 3 fiberboards (MDF) wvith a dimension of 18x2100x2800 mm and
1 plyvvood wvith a dimension of 20x2100x2800 mm vvere obiained randomly Irom
several mairufacturers. The particleboards and fiberboards vvere manufactured from
mixed species both softvvood and hardvvoods usilig urea-fomialdeliyde resin and the
plyvvoods vvere manufactured from okoume (Aucoumea klainecina Pierre) veneer using
phenol-formaldeliyde resin. Thirty-tvvo (16 parallel and 16 perpetidicular to tlie sending
direetion) 50x500 mm specimens vvere cut from eacli particleboard and MDF panel and
forty 50x500 mm specimens vvere cut from plyvvood along two grain orientation (20
parallel and 20 perpendicular direetion). Totally, 40 specimens of plyvvood, 96
specimens of particleboard, and 96 specimens of MDF vvere conditioned in a room wvith
a relative humidity of 65% +5 and a temperature of 20 +2°C.

In order to delerminie MOE(J, vibration frequencies in longitudinal and bending
vibration vvere used. A Fast Foulier Transform (FFT) analyzer calculated the frequency
of the longitudinal o*bending resonance induced by hitting the end of the specimen (for
longitudinal vibration) or the center of the specimen (for bending vibration), vvliich vwas
supported by a porous and an elastic material. The experimental setup is shovvn in
Figlre 1.
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Figlre 1. The experimental setup ofNDE.
Sekil 1. Tahribatsiz degerlendirme deney dizenegi.

The \vave velocity in longitndinal vibration wvas determined by using of the
follovving equation (Heaimon, 1966):

V=21l (@)

vvhere V is the velocity of the longitiidinal stress vvave, | is the length of the specimen
and/ ‘is the frequericy of the first longitidinal resonance mode. The dynamic modulns of
elasticity in longitiudinal vibration (MOEji) vvas calculated by using the longitudinal
velocity (F) and mass density of the specimen (p) by the follovving equation (Hearmon,
1966):

MOE,u = pV2 (2)

The dynamic modulus of elasticity in free bending vibration/MOEdi,) was also
determiined by using ofthe Euler beam tlieory deseribed by Timoshenkd (1954):

MOEIlb = ©)
i

vvliere f is the frequency of bending vibration in mode no. 1, m is the mass of specimen,
L is the length of specimen, 1is the moment of inertia and y is the 3.561 for free support
condition mode no. 1 (Timoshenko, 1954). No sliear correction vas made because the
effect of sliear was negligible if the spail to thickness ratio of the specimen wvas above
15 (Divos et ak, 1994).

After completing the determination of the NDE parameters, the specimens for
the static tests vvere prepared froni eacli NDE specimens. Static modulus of elasticity
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(MOEs) and modiilus of rupture (MOR) vvere cotidiicted according to EN 310 (1993) in
particleboard, MDF and plyvvood. The internal bond strength wvas also conducted
according to EN 319 (1993) in particleboard and MDF. Totally, 40 specimens of
plyvvood, 96 specimens of particleboard, and 96 specimens of MDF wvvere tested for
MOEs, MOR and IB.

A simple linear regression analysis (y = ax + b) wvas performed to establish
relationsliips betvveen MOEj and static stiffness and strength properties (MOE5 MOR
and IB) at a coufidence level of 0.95. The correlation coefficient (/) and the Standard
error of regression (SKY vvere also calculated to evaluate the benefits of the NDE
technique. As staled in the standards, the static test resiilts of particleboard and MDF
obtained from two direetions that differs based on the manufacturing direetion vvere
evaluated togethel* and the static test resiilts of plyvvood vvere evaluated separately in
two direetions.

3. Results aicl Discussion

The results of linear regression analysis vvere summarized in Table 1 for
particleboard, in Table 2 for MDF and in Table 3 for plyvvood. As shovvn in Tables 1-3,
the strongest correlations betvveen MOE]j that is detemiined nondestructively by using
of both longitudinal and bending vibration frequericy and bending properties (MOEsand
MOR) vvere obtained flom particleboards.

The correlation coefficients calculated for particleboard indicated that there vvere
strong correlations betvveen MOEj and MOEs (Figlre 2) and MOR (Figltre 3) wvhile it
was found that a poor relatiotiship betvveen MOEdand IB (Figlre 4) in both longitudinal
and bending vibration existed. The MOEj-MOEs correlation wvas stroliger than MOEd
MOR correlation in either longitudinal or bending vibration. In additioi, the dynamic
MOE detemiined by using of bending vibration presenled slightly a better correlation
than the longitudinal vibration. Consequelitly, the dynamic MOE detemiined by both
longitudinal and bending freqiiency can be used successfully to predict the bending
properties (static MOE and MOR) of particleboards. Hovvever, tliey are poor predictors
of IB.
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Table 1. The results of linear regression analysis for particleboard.
Tablo 1. Yongalevhalar icin dogrusal regresyon analizi sonuglari.
a b

Dynamic modulus of elasticity based on longitudinal vibration
Boyuna vibrasyonda dinamik elastikiyet moduli

Flcxura! modulus of elasticity 112 -455.9
Egilmede elastikiyet modulu (1.022, 1.219)3 (-740.6,-171.2)
Modulus of rupture 0.07 -53.71
Egilme direnci (0.065, 0.088) (-86.75, -20.68)
Internal Bond 1.05x10'4 0.1762
Yapisma direnci (-6.21x10°6, 2.16x10'4) (-0.14. 0.49)

Dynamic modulus of elasticity based on bending vibration
Egilme vibrasyonda dinamik elastikiyet moduli

Flexural modulus of elasticity 0.9l -288.6
Egilmede elastikiyet moddili (0.74, 0.8S) (-565.6,-11.61)
Modulus of rupture 0.06 -51.42
Egilme direnci . (0.05,0.06) (-80.38, -22.46)
Intcrnal Bond 7.21x10'5 0.2075
Yapisma direnci (-9.15x10'6, 1.53x10'4) (-0.10,0.51)

1Correlation coefficient.
' Standard error of tle regression.
1The values in parenllieses are confidcnce bound.s (p=0.05)

Table 2. The results of linear regression analysis for MDF.
Tablo 2. MDF igin dogrusal regresyon analizi sonuglan.

a b

Dynamic modulus of elasticity based on longitudinal vibration
Boyuna vibrasyonda dinamik elastikiyet moduli

Flexural modulus of elasticity 129 -818.15
Egilmede elastikiyet modiilii (1.11, 1.47)3 (-1387, -249.4)
Modulus of rupture 0.17 -207.21
Egilme direnci (0.15,0.19) (-282.2,-132.5)
Internal Bond 0.1x10'3 0.26
Yapigma direnci (-1.5x1 O, 3.9x104) (-0.59, 1.10)

Dynamic modulus of elasticity based on bending vibration
Egilme vibrasyonda dinamik elastikiyet modulu

Flexural modulus of elasticity 0.76 190.77
Egilmede elastikiyet modiili (6.68x10'2, 8.60x1072) (-197.1,578.7)
Modulus of rupture 0.10 -66.03
Egilme direnci (8.75x102 1.13x10') (-119.1,-12.99)
Jnternal Bond 1.6x10'5 0.5761
Yapisma direnci (-1.3x104, 1.7x10%4 (-4.83x1072 1.2)

1Correlation coefficient.
: Standard error of tlie regression.
1The values in parenllieses are confidcnce bounds (p=0.U5)

R1

0.92

0.81

0.19

0.92

0.84

0.18

R1

0.S3

0.83

0.09

0.85

0.84

0.02

76,68

8.89

0.08

78.33

8.19

0.08

101.38

13.34

0.15

94.42

12.91

0.15
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Table 3. The resiilts of linear'regression analysis for plyivood.
Tablo 3. Kontrplaklar icin do§rusal regresyon analizi sonuglari.

Flexural modulus
of eiasticity
Egilmede
elastikiyet modiill

Modulus of rupture
Egilme direnci

Flexural modulus
of eiasticity
Egilmede
elastikiyet modulu
Modulus of rupture
Egilme direnci

1Correlation coefTicicnt.

: Standard crror of regression.

a b

Par.3 Perp.4 Par. Pcrp.

Dynamic modulus of eiasticity based on longitudinal vibration
Boyuna vibrasyonda dinamik elastikiyet modulu

0.74 0.54 -87.12 209.92
(0.416, 1.062)5 (0.25,0.83) (-1664, 1490) (-1221, 1641)

0.014 5.1x1 08 -40.99 16.66
(8.6x10°, 2.04x10'2  (2.1x10'3 8.0xI0*3  (-69.86,-12.13) (2.07,31.24)

Dynamic modulus of eiasticity based on bending vibration
Egilme vibrasyonda dinamik elastikiyet modli

0.65 0.56 768.74 164.63
(0.50, 0.81) (0.28,0.83) (122.1, 1415) (1157, 1487)
0.009 0.008 -10.05 3.415
(45x10;3 1.44x10')  (3.8x10° 0.012)  (-30.95, 10.85)  (-16, 22.83)
\I 1

3The grnin direetion of surface veneer is parallel to long axts.
1The grain direetion ofsurface veneer is perpetidicular to long axis.
5Tle values in parcntlieses are confidence boutids p=0.05).

Par.

0.75

0.77

0.90

0.68

R1

Pcrp.

0.68

0.64

0.71

0.69

Par.

76.01

i.39

49.25

1.59

SW
Perp.

257.73

2.63

246.09

3.61
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Figire 2. The relationship betvveen MOE,| and MOEs in particleboard.
Sekil 2. Yongalevhalarda MOE¢ ve MOEsarasindaki iliski.

Figire 3. The relationship betvveen MOEdand MOR in particleboard.
Sekil 3. Yongalevhalarda MOEdve MOR arasindaki iliski.

MOES! il.IPaj T.10¢s (L1Pal

Figuie 4. The relationship betvveen MOEdand IB in particleboard.
Sekil 4. Yongalevhalarda MOEdve IB arasindaki iliski.
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Figures 5, 6, 7 sliow plots of regression betvveen MOEd and MOEs, betvveen
MOEd and MOR, and betvveen MOEd and IB of medium deunsity fiberboards,
respeetively. The dynamic MOE of MDF in both longitudinal and bending vibration
also shovved good correlations vvith static MOE and MOR (Table 2). These correlations
vvere vveaker than particleboard, but stronger than plyvvood. Flovvever, a poor
relationship wvas found betvveen MOEd in longitudinal and bending vibration and IB like
particleboards (Table 2). According to regression analyses, the correlations betvveen
MOEdc and MOEs and MOR vvere sliglitly higher than MOEd-MOEs and MOEdrMOR
relationships. Thus, it seems that the dynamic MOE is reliable to predict the bending
properties, but it is not suitable to predict IB of MDF as experienced in particleboard.

Figlre 5. The relationship betvveen MOEdand MOEsin MDF.
Sekil 5. MDF’lerde MOEdve MOEsarasindaki iliski.

MOE* <MP») MOEae (MPsj

Figlre 6. The relationship betvveen MOEdand MOR in MDF.
Sekil 6. MDF’lerde MOEdve MOR arasindaki iligki.
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MOES! iMPel

Figine 7. The relationship betvveen MOEdand IB in MDF.
Sekil 7. MDF’ierde MOEdve IB arasindaki iliski.

Figine 8 and 9 slioivs plots of MOEdMOEs and MOEdMOR relationship in
parallel direetion and Figire 10 and 11 shioivs the relationship in perpendicular
direetion, 1espectively.

Figlre 8. The MOEdand MOEsrelationship in plyvvood in parallel direetion.
Sekil 8. Kontrplaklarda paralel dogrultuda MOEdve MOEsarasindaki iliski.



The Prcdiction of Mechanical Properties of VVood-Bascd Composites

Figure 9. The MOEd-MOR relationship in plywoocl in parallel direction.
Sekil 9. Kontrplaklarda paralel dogrultuda MOEdve MOR arasindaki iliski.

Figure 10. The MOEd-MOEs relationship in ply\vood in perpendicular direction.
Sekil 10. Kontrplaklarda dik dogmltuda MOEdve MOEsarasindaki iliski.

53
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Fignre 11. The MOEj-MOR relationship in plyvvood in perpendicular direetion.
Sekil 11. Kontrplaklarda dik dogrultuda MOEdve MOR arasindaki iliski.

As shovvn in Table 3 and Fig. S-Il, especially MOEd-MOESs relationship wvas
remarkable in parallel direetion of plyvvood vvhen compared to the others. The
correlation coefficient betvveen dynamic MOE in bending vibration and static MOE wvas
0.90 in parallel direetion vvhile the others variecl betvveen 0.64 and 0.77. in general, the
ielationships betvveen dynamic MOE and static bending properties in parallel direetion
vvere better than perpendicular direetion. Consequelitly, dynamic MOE in longitudinal
and bending vibration is acceptable to predict the bending properties of plyvvood in
parallel direetion to long axis. Hovvever, using of dynamic MOE obtained from
perpendicular direetion as a predictor of static MOE and MOR may give inaccurate
results vwhen compared to the parallel direetion.

4, Conclusion

Based on the findings obtained from present study, we concluded as follovvs:

Dynamic MOE determined nondestriictively by using of both -longitudinal and
bending vibration frequency technique is a good predictor to estimatcT static bending
properties (MOE and MOR) of particleboards and medium density Fiberboards.

Dynamic MOE determined both longitudinal and bending vibration frequency is
a poor predictor of IB of particleboard and MDF.

Dynamic MOE based on both longitudinal and bending frequency is acceptable
to predict the bending properties of plyvvood vvhen the graii direetion of surface veneer
is parallel to manufacturing direetion, but it may give inaccurate results in perpendicular
direetion.

In general, dynamic MOE in bending vibration shovvs slightly better correlation
wvith static bending properties (MOE, MOR) than longitudinal vibration.
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Odun Esasli Levhalarda Mekanik Ozelliklerin Vibrasyon
Tahribatsiz Degerlendirme Ydntemi ile Belirlenmesi
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Bu c¢alismada kontrplak, yongalevha ve orta yogunlukta liflevha (MDF)
orneklerinde vibrasyon frekansi yontemi ile tahribatsiz olarak tespit edilen
dinamik elastikiyet moduli (MOE( degerleri ile taliribath testlerden elde edilen
mekanik  ozellikler  arasindaki iliskiler  arastirilmistir.  Sonu¢  olarak
yongalevlialarda hem boyuna vibrasyon hem de egilme vibrasyonunda MOEJd ile
statik egilme direnci (MOR) ve statik egilmede elastikiyet moduli (MOEY)
degerleri arasinda kuvvetli korelasyonlar tespit edilmistir. Ayni sekilde MDF
orneklerinde de MOEdile MOEsve MOR arasinda iyi korelasyonlar bulunmustur.
Kontrplaklarda ise uzun eksenel paralel yonde MOEs ve MOR ile MOE|]
arasindaki iliskiler Kabul edilebilir niteliktedir. Ancak uzun eksenel dik y6énde
elde edilen sonuglar tatminkar degildir. Son olarak yongalevha ve MDF’lerin
yapisma direnci ile MOEdarasinda bir korelasyon tespit edilememistir.

Anahtar Kelimeler: Tahribatsiz de§erlendirme, vibrasyon frekansi, dinamik MOE,
direnc dzellikleri, odun esash levhalar.

1. Giris

Odun esash levhalarin mekanik 6zellikleri Gretimde kullanilan hammaddelerin
ozelliklerinden Uretim parametrelerine kadar bir dizi faktérun etkisiyle genis bir aralikta
degisim gosterebilmektedir. Buna karsin drlnlerin sahip olmasi gereken asgari nitelikler
ilgili standartlar tarafindan belirlenmis bulunmaktadir ve dretimin bu standartlari
saglayip saglamadigi dizenli olarak kontrol edilmektedir. Uretim kontrolii genel olarak
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Yayina kabul edildigi tarih: 19.06.2008
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bir partide Uretilen levhalarin rasgele olarak 6rneklenmesi ydntemi ile yapilmaktadir.
Kalite kontrol igin partiden rasgele ve belli sayida segilen tam boyutlu levhalardan ilgili
standartlarin 6ngdérdigi olgtlerde kiiclik deney &rnekleri kesilerek bunlar Gzerinde
klasik tahribath testler uygulanmakta ve elde edilen sonuglarin partideki bitin levhalari
temsil ettigi varsayilmaktadir. Fakat olduk¢a kompleks bir dretim slrecinden gecen
levhalarda kontrol edilemeyen de@iskenlerin etkisiyle test edilen levhalar diger levhalari
tam olarak temsil edemeyebilmektedir. Ayrica bu sekilde test edilen levhalar artik tahrip
oldugundan ekonomik bir kayiptir.

TS EN 326-2 (2006) standardi dretimde kalite kontroli icin guvenilirligi
istatistik olarak ispat edilmis alternatif yontemlerin kullanimina izin vermektedir. Bu
durumda gtvenilir, pratik ve hizli sonug veren tahribatsiz test yontemleri tretimde kalite
kontroli icin dikkate deger bir alternatif olarak karsimiza ¢ikmaktadir.

Gecmis yillarda birgok arastirmaci odun esash levhalarin kalitesinin belirlenmesi
icin degisik tahribatsiz test yd&ntemlerinin kullanilabilirli§i Gzerine arastirmalar
yapmislardir. Bu c¢alismalarda genel olarak dalga yayilma hizi- dinamik elastikiyet
modult  ve statik elastikiyet-direng iliskileri lzerine odaklanmiglardir. Birgok
arastirmact bu parametreler arasinda kullanish iliskiler bulmuslardir (Pellerin ve
Morschauser, 1974; Dunlop, 1980; Vogt, 19S5, 1986; Ross ve Pelerin, 1988; Schiweitzer
ve Niemz, 1990; Sun ve Arima, 1999; Bektha ve dig., 2000; Kruse, 2000; Vun ve dig.,
2000; Sotomayor, 2003; Yang ve dig., 2005; Han ve dig., 2006).

Bu arastirmanin amaci yongalevlia, orta yogunlukta lif levha (MDF) ve kontrplak
gibi odun esasli levha drunlerinde Fast Foruier Transform (FFT) analizi ile stres
dalgalarinin olusturdugu boyuna ve egilme vibrasyon frekansim tespit ederek dinamik
elastikiyet modilini hesaplamak ve bunlarin odun esasli levhalarin statik mekanik
Ozellikleri ile iliskilerini ortaya koyarak, bu yolla odun esasli levha drlinlerinin kalite
6zelliklerinin belirlenme olanaklarini arastirmaktir.

2. Malzeme ve YOntem

Denemeler, ticari olarak Uretilmis 18 mm kalinhiginda 3 yongalevlia ve 3 MDF
levha ile 20 mm kalinhiginda 1 kontrplak levha Gzerinde yiriatulmustir. Yongalevlia ve
liflevhalar igne yaprakli ve yaprakli agac tirlerinin karisimindan tre formaldehit tutkali
kullanilarak ‘'Gretilmistir. Kontiplak ise fenol formaldehit tutkali 4le olcume
kaplamalarindan Uretilmistir. Yongalevlia ve MDF’lerin her bir panelinden 16 tanesi
zimparalama yonine paralel, 16 tanesi dik olmak lzere 32 adet ve kontrplaktan ise 20
tanesi yuzey kaplamasinin lif yéni uzun eksene paralel, 20 tanesi dik olmak Uzere 40
adet 50x500xlevha kalinhgi mm boyutlarinda 6rnekler hazirlanmistir. Bu 6rnekler
%6515 bagil nem ve 20+2nC sicaklik kosullarinda denge rutubetine ulasincaya kadar
iklimlendirilmislerdir.

Dinamik elastikiyet moduli (MOEJd)’niin tespiti i¢in iki ucundan serbest olarak
desteklenmis &rnegin u¢c kismindaki enine kesite vurmak suretiyle olusturulan boyuna
yonde vibrasyonun ve yine ayni &rnekte (st ylUzeyin merkezine vurmak suretiyle
olusturulan egilme yoniinde olusturulan vibrasyonun frekanslari kullanilmistir. Frekansi
belirlemek icin bir Fast Fourier Transform (FFT) analiz programindan faydalanilnustir.
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Deney diizenegi Sekil 1’de gorulmektedir. Frekans yardimiyla MOEd’nin hesaplanma
yontemleri Formil 1, 2 ve 3°te verilmistir.

Ornekler taliribatsiz degerlendirmenin ardindan EN 310 (1993) standardina gére
egilme direnci (MOR) ve egilmede elastikiyet modili (MOEs) deneylerine tabi
tutulmustur. Ayrica yongalevhia ve MDF &rneklerinde EN 319 (1993) standardina gore
yapisma direnci (IB) denemeleri yapilmistir.

Taliribatsiz ve taliribath deneylerden elde edilen veriler kullanilarak basit
dogrusal regresyon analizi yapilarak p= 0.05 given dizeyinde MOEj ile MOEs, MOR
ve IB arasindaki iliskiler arastiriimistir.

3. Sonug ve Tartisma

Regresyon analizinden elde edilen sonuglar yongalevhia i¢in Tablo 1, MDF igin
Tablo 2 ve kontrplak icin Tablo 3’te verilmistir. MOEj ile MOEsve MOR arasindaki en
glclu korelasyonlar yongalevlialarda elde edilmistir. Bunu MDF ve kontrplaklar takip
etmistir. Kontrplaklarda ylzey kaplamasi uzun eksene paralel olan drneklerde dik olan
orneklere nazaran daha kuvvetli’iliskiler bulunmustur. Bununla birlikte, yongalevha ve
MDF’lerde MOEd ile 1B arasinda bir iliski kurulamamistir. Regresyon analizi
sonucunda elde edilen regresyon grafikleri Sekil 2-11 *de gérulmektedir.

Sonu¢ olarak boyuna ve egilme vibrasyonu frekansi yardimiyla tespit edilen
MOEd degeri yongalevlialarda ve MDF’lerde statik egilme o6zelliklerinin (MOEs ve
MOR) Kkestirilmesinde iyi bir veri saglamaktadir. Ancak bu yolla yapisma direncinin
kestirilmesi mumkiin olmamaktadir. Kontrplaklarda yuzey kaplamasi dretim ydnine
paralel olarak tespit edilen MOEj degeri e§ilme 0Ozelliklerinin tespit icin tatminkar
sonuclar verebilir. Ancak dik yonde yeterli glvenilirlie sahip olmadigi
distnilmektedir. Son olarak egilme vibrasyonundan elde edilen MOEJ ile statik egilme
Ozellikleri arasindaki iliskiler, boyuna vibrasyonla elde edilenlere nazaran bir miktar
daha iyi bulunmustur.
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{ISTANBUL UNIVERSITESI ORMAN FAKULTESI DERGISi A SERISI
MAKALE HAZIRLAMA VE YAZIM KURALLARI

1. MAKALENIN HAZIRLANMASI

Makaleler Ingilizce ve Tirkce olmak tzere iki dilde yazilabilir. Yazar veya yazarlar ana metin igin bu dillerden birisini,
Ozet metin iginde digerini tercili edebilirler.

Makaleler asagidaki yazim kurallarina gére hazirlanmaldir.

a) Makale Baslgi

Sayfa Ustinden 3 satir bosluk birakilarak, satir ortasina Times New Roman Tur 14 punto ve bitiin kelimelerin ilk harfi
buyiik olacak sekilde koyu (bold) harflerle yazilmalidir.

b) Yazar Adlari

Makale bashgindan sonra 2 aralik bosluk birakilarak sayfaya ortalanmak, unvan belirtimeden bas harfleri hari¢ ad ve
soyad kucuk harflerle 10 punto koyu (boli) olarak yazilmalidir. Yazar adlarinin altina 1 satir bosluk birakilarak 10 punto
buytiklikte agik adresler belirtiimelidir. Yazarlarin adresleri; her bir yazarin soyadinin sonunda ve adresinin basinda ayni
rakam ('m " } seklinde) kullanilarak Ust simge seklinde belirtiimelidir. Ayrica makalenin yazismalarindan sorumlu yazar,
isminin Gzerine bir yildiz isareti (adresi belirtmek amaciyla yazilan rakamindan sonra, * isareti) konularak belirtiimeli ve
adreslerden sonra 1 satir bosluk birakilarak sorumlu yazarin telefon ve faks numaralari ile e-posta adresi yazilmalidir.

c) Kisa Ozet

Kisa 6zet bash§indan sonra 1 satir aralik verilerek 100 kelimeyi asmayacak sekilde koyu (bolil) harflerle 10 punto ve
normal yazini marjinda sola dayali yazilmali, paragrafbaglari normal yazini marjina gére 1 cm iceriden baslamalidir.

d) Anahtar Kelimeler

Kisa 6zetten sonra 1 satir bosluk birakilarak; Anahtar Kelimeler: den sonra cii az 3, el gok 5 kelime; virgulle ayrilarak,
sadece ilk anahtar kelimenin ilk harfi biyuk harfle baglayacak, digerleri ttini kiigiik harflerle 10 punto yaziimalidir.

€) Yayin Komisyonuna Sunuldugu Tarih

Duzeltilmis makalelerin ilk sayfasinda sola dayali olarak dip not seklinde makalenin yayma sunuldugu ve kabul edildigi
tarihler Times New Romain Tur tipinde 8 punto koyu (bold) harflerle su sekilde yazilmalidir: Receivell: 25/03/2008;
acccpted: 12/01/2009.

f) Metin Bolumleri

Uzgiin arastirma makaleleri "Giris", “Materyal ve Yontem" ve “Bulgular”, "Tartisma" bélimlerine gére yaziimaldir.
Senteze ve kaynak incelemesine dayali 6zgin makalelerin baslik ve ait basliklari yazar ya da yazarlarin yaklagimlarina gore
belirlenebilir.

ilk baslk analilar kelimelerden sinira 2 satir bosluk birakilarak baglamali ve (Referanslar ana bashgi harig) I dcn
baslayarak (Referciiees ana bashgi haric) tnmaralatidiniltiial] (6rnek: 1. Giris, 2. Materyal ve Yontemler seklinde), diger
ana basliklar bunn takip etmelidir. Ana ve alt basliklar kicuk harflerle koyu (bold) 12 punto yazilmali, ana baslklarda her
kelime buyuk harfle baslamali alt baslklarda sadece ilk harfler biiylik olmali ve alt bashklar 1.1, 12, 121, 2.1.
seklinde uimiaralandirihnahdir. Ana basliklarla bir Ust satir arasinda 2, bir sonraki satir arasinda da 1 satir bosluk
birakilmalidir. Tim metin iki yana hizal olmali; Kisa Ozet ve Abstract basliklari da dahil olmak (izere aiia ve alt baslklar
sola dayall paragrafbasi olmaksiniz normal yazini marjindan baslamalidir. Aila metinlerde ise paragraf baslangiglari normal
yazim marjina gire 1cm igeriden baslamalidir.

g) Makale Metninin Yazim Bigimi

Makaleler 2 satir aralikla, sayfa ve satirlara numaralar verilerek A4 kagida, Ustlen ve alttan 5,85 cm, sa§ ve sol kenardan
4,25 cni birakilarak 12,5 x 18,0 cm lik yazi alani i¢ine yazilmalidir. Makaleler MS \Vord programinda Times Ne\v Roinail Tur
yazi tipinde, 10 punto, cift aralikli, tim metinde (kaynaklar ve anahtar kelimeler dahil) her sayfa |'den baslayarak
numaralandinimis ve ilk sayfadan itibaren sayfa numarasi verilmis olarak toplani 30 sayfayl gecmeyecek sekilde
hazirlanmalidir. Sadece doktora tez oOzetleri 35 sayfa yazilabilir. Makalenin bashgi, yazar adi/adlari, kisa 06zel, yayin
komisyonuna sunuldugu tarih, tum bélim ve alt bolim baslklar ile “Referetices” bolimundeki yazar isimleri ve yayin
tarihleri koyu (bold) yazilacaktir. Ayrica, sadece metin icerisindeki bilimsel isimler (bitki ve hayvan isimleri gibi) ile
“Relcrences” bélimindeki dergi isimleri italik yazilacaktir.

Makale igerisinde nyin veriler hem tabloda lieni de grafikte yer almamali, tablo ve grafiklerde standart hatalarin
gosterilmesine Ozeti gosterilmelidir (aritmetik ortalama + standart hata). Ortalamalar karsilastiriirken 6nemlilik derecesi
sadece yildizla (*) veya sadece rakamla (P<0.02l gibi) gosterilmeli, her ikisi birlikte kullaniilmamalidir (P<0.5 i¢in *, P<0.01
icin ** ve P<O.UOi igin **e). Tablolarda yer alan ortalamalar veya islemlerin etkisi karsilastirilirken, karsilastirmalar hemen
bitisiklerine yazilan kiigtik harflerle Ust simge olarak belirtilmeli ve agiklamasi tablo altina 10 punto biyuklaginde yazi ile
yapilmalidir (Ornegin: 12agibi).

Il) Sekin e Tablolar

.Sekil, tablo, grafik ve resimler belirtilen yazi alani ierisinde sayfa ortalanarak konmali, licr sekil,~[ablo, grafik ve rcsinie
nietinn iginde atif yapilmali ve atif yapilan paragraftan hemen sonra yerlestirilmelidir. Tablo ve grafik icerikleri ile baslklari 10
punto bulytiklikte olmali, basliklar numaralandirilarak tablolarin istiine; sekil, resim ve grafiklerin altina sola dayall alarak
yazilmahdir. Sekil, tablo, grafik ve resimler Turkce ve yabanci dilde baslk ve igerikleri ile birlikte makalenin ana metni
kisminda yer alinali, baslk cimlelerinin ilk harfi biytk olmalidir.

Buna iliskin 6rnek asagida yer almaktadir.

Ornek:

Sekil 1. Istraica mesesinde liflere paralel basing direnci ile yogunluk arasindaki iliki.

Figlire 1. The relation betivceti tlie coinpression strength paralel to grain and tlie deusity il Istraica oak

Tablo 1. Liflere paralel basing direnci degerleri.

Table 1. Tle values of coniprcssion strength parallel to graiil.

Metin icerisinde sekil ve tablolara (Sekil 1) (Figiire 1), (Tablo 1) (Table 1) seklinde atif yapiimalidir. Fotograf ve
sekiller fotografalinabilecek kalitede olmalidir (Fotograflar siyali-beyaz olarak parlak karta basilmis, sekiller aydinger tizerine
¢ini murekkeple veya bilgisayarla ¢izilmis, yazi ve rakamlar da ¢ini mirekkep veya bilgisayarla yazilmis olmalidir). Fotograf
ve sekiller, JPEG fomiatinda taranmis olarak metin icinde verilebilir.



I-) Yabanci Dilde Yazilan Boélimin Bashigi ve Yazar/Yazarlarin Adlari

Makalenin ingilizce bagligli, makalenin Tirkge kisminin bitiminden sonra yeni sayfaya gegilerek, satir ortasina Times
New Roman Tur 14 punto butin kelimelerin ilk luirfi buyik olacak sekilde ve koyu (liohl) karilerle yazilmalidir.

Yazar ismif/isimleri ve adresleri makale bashigindan sonra 2 aralik bosluk birakilarak sayfaya ortalanarak, unvan
belirtiimeden bas harfleri hari¢ ad ve soyad kiciik harflerle 10 punto koyu (bold) olarak yazilmahdir. Yazar adlarinin altina 1
satir bosluk birakilarak 10 punto biyuklikte agik adresler belirtiimelidir. Ayrica makalenin yazismalarindan sorumlu yazar
isminin Uzerine bir yildiz isareti (*) konularak belirtiimeli ve adreslerden sonra | satir bosluk birakilarak sorumlu yazarin
telefon ve faks numaralar ile e-posta adresi yazilmalidir,

j) Abstract

Yabanci dilde yazilan baslik, yazar ismi/isitileri ve adreslerinden sonra 1 satir bosluk birakilip 100 kelimeyi gegmeyecek
sekilde koyu (bold) harflerle 10 punto ve normal yazim marjinda sola dayali yazilimahdir. Sayfa diizeni ana metinle ayni
olmalidir. Sadece paragrafbaslangiclari normal yazim maijina giire 1 cm iceriden baslamalidir.

k-)Keywords

Abstract’'tan sonra 1 satir bosluk birakilarak, en az 3, en ¢ok 5 kelime olaeak sekilde virgille ayrilarak, tumu kiglk
harflerle 10 punto yazilmalidir.

I)- Yabanci Dilde Ozet

Yabanc! dilde 6zet, Key\vords'teil sonra 2 satir bosluk birakilarak baglamalidir. Yabanci dildeki ¢zet ingilizce, Almanca
ve Fransizca olabilecegi gibi ingilizce olmasi daha ok tercih edilmektedir. Makalenin yabanci dildeki 6zeti; Abstract,
Introduetion, Material and Melliods, Results and Discussion, Coticlusioll, References bélimlerinden olusmalidir (Fransizca ve
Almanca 0Ozellerde benzer bolimlerden olusmalidir). Yabanci dildeki 6zel konunun anlasiimasina yardimci olacak uzunlukta
ve aglklayici olmaldir.

m- Kaynaklarin Metin icerisinde Gosterimi

Kaynaklar metin icerisinde parantez icerisinde; tek kaynak i¢in (Bozkurt, 1992) ve (FAO, 2006), birden fazla kaynak igin
tarihsel olarak siralanmis sekilde (Tavsatioglu, 1973; Ozcelik, 1984; Heede, 1991), ortak yayinlar igin (Kurtoglu ve Kog,
1997) seklinde yapilmalidir. ikiden fazla yazar olan kaynaklar metin iginde kisaca (Aykut ve ark., 1997) seklinde
verilmelidir. Ayni yazarin ayi tarihte yapilmis iki eseri oldugu takdirde bu eserler yillarin sonuna a ve b harfleri konarak
belirtiimelidir. Ayni yazarin bireysel ve ortak yayinlari oldugunda 6nce bireysel yayinlar siralanmali, ortak yayinlar bireysel
yayinlardan sonra verilmelidir. Kaynak listesinde bitiin yazarlar acik olarak gosterilmelidir. Kaynaklar, yabanci dildeki
oOzetten sonra Refercnees baslg alimda, alfabetik siraya gore asagidaki sekilde verilmelidir.

Sempozyumlardan ve dergilerden aluiati makalelerin isimleri yazilirken sadece ismin ilk harfi buyuk, digerleri kiiguk
harflerle yazilmalidir. Kitap isimlerinde ise lier kelime biyiik harfle baglamalidir. Refereiices bolimindeki yazar isimleri
koyu (bold) yaziimali, internet kaynaklan olarak sadece resmi kurum isimlerine yer verilmelidir,

n- Refereices / Kaynaklar

Atifyapilan makalelerin References kisminda gosterilmesine iliskin érnekler:

Heede, B. H., 1991. Respolise of a streani in disequilibrium to timber liarvest. Environmental Management. 15 (2): 251-
255,

Boyduk, M., A. GCaliskan and F. Bozkus, 2002. Sced erop and ils variation of Pinus itigra sibsp. pallasiaia in
Diirsunbey-Alagam locality. Review ofthe Faculty ofForestry, University of istanbul. 52 (2): 1-26.

Birkeland, P. W., 1984. Soils aid Geomorphology. Oxford University Pres, New York.

Haris, C. \V. and N. T. Diics, 1988. Time-saver Standarts for Landscape Architecture. McGraw-Hill, Inc., Ne\v York.

Dahigren, R. A., 1988. Effects of forest liarvest on slrcani-water quality and nitrogen eyeling in the Casper creek
watersiled. |11: Proceedings of The Conferelce on Coastal VVatcrslieds: The Casper Creek Story. May 6, Ukiah, Califoniia.

FAO. 2006. Rural radio tranusmissions and rural youlli in Mali, http://www.rao.org/sd/diin knl/knl _060202_en.htm
(Ziyaret tarihi:27 /02/ 2006).

2. MAKALENIN TESLiIMi VE DEGERLENDIRME SURECI

Yukanda kurallara uygun yazilan makaleler, 4 niisha basiimis olarak basvuru dilekcesi ile birlikte Yayin Kurulu'na
gonderilir ve 6n elemeye tabi tutulan makalelerin hakemlere génderilip gonderilmeyecegine karar verilir. Hakemler tarafindan
yayinlanmasi uygun bulunmayan makaleler, yazarlarina iade edilmez. Yayma uygun bulunmakla birlikte dizeltiimesi veya
degistiriimesi istenen hususlarla ilgili hakem elestirileri yazarlara gonderilerek duzeltiimesi yada diizeltme isteklerine
aciklamalar yapmasi istenir. Yazar/yazarlarin savunmalari yeniden ilgili hakemlerin goruslerine sunulur ve tatmin edici
bulunmasi halinde yayimlanmasina karar verilir.

Yayimlanmas! uygun bulunan makaleler, son diizeltmeleri yapildiktan sonra tek satir aralikli olacak-ve satir numaralan
silinmis sekilde 2 adet CD igerisinde MS Word programinda yaziimis olarak (Yazar ve makalcradlan CD uzerine
yazilmalidir) basvuru dilekgcesi ile birlikte Yayin Kuruluna goénderilir.

Yayin Kuruluna verilecek dilekge asagidaki bilgileri icermelidir;

- Makalenin daha dnce herhangi bir yerde yayinlanmamis oldugu ve telif ticreti alinmadig,
- Toplam 5 kelimeyi gegmeyen kisa makale bashgi,

- Toplam Klise alani (cm2) (basiimasi istenen boyutlara gire hesaplanacak),

- Duizeltmelerin kimler tarafindan yapilacagi (en az bir isim),

- Yazarlarin yazisma adresi, telefon numaralan ve e-mailleri.

Makale Gonderme Adresi:

istanbul Universitesi Orman Fakiiltesi Yayin Komisyonu Bagkanligi
Baligekdy-34473 iISTANBUL

Tel: 0-(212)-226 11 00 (12 hat)

Fax:0-(212)-226 I 13

Emaikforestryjounial@istanbul.edu.tr


http://www.rao.org/sd/diin
mailto:Emaikforestryjounial@istanbul.edu.tr




