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l? ield stake tests methods based uoon EN r 292 ann anoralory i tnwr  IP < c r  hpn t ~ q r  
are well estaolsneo ro 0ro.e rhe eff L ~ C I  of 
wood preservatives and the natural durability 
of timber in contact with the around. Me- 
tnoos genera ly aop ed ro asseis woo0 de- 
cay n I c 0 rr a s (e.g., spl nrer rest, so-no np, 
with a hammer, visual examination, etc.), a16 
hough relatively simple, are often not suffi 
ciently sensitive to detect early decay. 

Strength testing by determining the modu- 
lus of rupture (MORI in combination with the 

Der Einfluss von Holzfeuchte- 
anderungen auf das dynamische 
E-Modul bei Dauerhaftiekeits- 
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versuchen 
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Die herkommlichen Methoden, um Piizbefall 
unter Feldtestbedingungen zu beurteilen, 
sind oftmals zu ungenau, urn einen fruhzei- 
tigen Befall quantifizieren zu konnen. Be- 
stimmungsmethoden, bei denen Festip- 
k t  lsvetl& udet Vttdt Jttut get det p i -  

sr schen ilgenschattpn gemessen nrerden, 
bieten hierbei Vorteile. - 
In den vorliegenden Versuchen wurde der 
Einfluss unregelma0iger Hoizfeuchtevertei- 
lungen (wie in der Praxis von Feldversuchen 
ublich) auf das dvnamische E-Modul be- 

~~~ ~- 

stirnit. Hierzu wuiden E-Modulanderungen 
bei unterschiedlichen Holzfeuchten mittels 
dynamischen und statischen Messverfahren 
verglichen. Wie erwartet, verandert sich der 
E-Modul bei sich andernden Holdeuchtig- 
keiten. Statische und dynamische Messun- 
gen zeigen hierbei vergleichbare Trends. Je- 
doch fiir praktische Feldmessungen ist die 
Beobachtung wichtig, dass bei einer Ver- 
nachlassigung der Einbeziehung der sich 
durch Holzfeuchteanderung verursachten 
Dimensionsanderungen der dynamische E- 
Modul vie1 weniger von den Holzfeuchtean- 
derungen beeinflusst wird als der statische 
E-Modul. 

evaluation of the elastic properties of wood 
could provide a quantitative and objective 
test mean for assessing fungal attack (Har- 
die, 1980: Gray, 1986). In particular, the de- 
termination of the modulus of elasticity 
(MOE) bears some advantages; e.g., sensiti- 
vity to early stages of wood decay, repeat- 
ability, reduction of test material (Machek et 
al., 1997). 

Static methods are described in most 
standards for MOE determination (eg. EN 
408, DIN 52 186). An alternative method for 
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Methods for analysing fungal attack in wood 
under field test conditions (e.g., splinter 
test, sounding with a hammer, visual exam& 
nation, etc.) are often not sufficiently sensi- 
tive to detect early stages of fungal decay. 
However, strength testing or testing elastic 
properties of timber can fulfil the demands 
of a quantitative and objective test for as- 
sessing incipient wood decay. 
This study investigated the influence of 
wood moisture content upon the modulus of 
elasticity determined by a dynamic vibration 
method. Elastic changes in wood we&  
mens were cak-1a1ed-b~ convent ona sta- 
t c and dynamtc techniques. Tne oenslry, na- 
tural frequency of free transverse vibration 
and static flexural stiffness were measured 
on small specimens of Beech and Scots 
pine conditioned to different moisture le- 
vels. 
The results of this study indicate that the na- 
tural frequency determined in the hardwood 
and softwood specimens decreased, as ex- 
pected, with increasing moisture content. 
The statlc and oynamo-MOE meas~emenrs 
folowed me same rreno, regaro ess of tne 
woo0 molstJre content. F-rrhermore, tnls 
researcn shows that tf dtmenstonal changes 
that occur during shrinkage/swelling-of 
wood are neglected, the calculated dyna- 
mic MDE stayed practically constant within 
the whole range of moisture content, from 
oven dry to fully saturated. Applied to natu- 
ral durability testing, this technique could 
provide a fast and reliable tool for the on site 
tnspections of the f~nga l  attack n lield tr als 
as well as in laooratow ~nster~le so11 bed 
tests. 

the determination of MOE uses resonant 
vibration non-destructive testing. This techni- 
que involves mechanically vibrating test spe- 
cimen as dynamic reaction of a material to an 
external impact in a torsional, transverse and 
longitudinal vibration mode. The dynamic f le  
xural MOE was calculated based on the equrt 
tion derived by Hearmon (1966) [eq. l]. This 
mathematical expression uses the natural 
frequency of wood together with the density 
and the data describing the shape of a spe- 
cimen [Eq. ll: 

MOE dyn- - 4 X  'X 1 4 x f Z x 0 1 X A ' [ l  + 1/(I2xA)xK,] 
"'l4 X 

I ... moment of inertia lmm4) 
A ... area of the cross section (mm? 
f ... frequency IRHZ 
p ... density (km3) 
I ... length (mm) 
K, = 49.48 
m] = 4.72 

For wood, the density p is a combined fi- 
gure of the mass and the moisture content at 
given conditions. From experiments on dry 
wood done by others, it is known that the lon- 
gitudinal stress wave technique yields higher 
MOE values compared to a flexural vibration 
estimation (Bell et al., 1977; Gerhards. 
1975; Miller and Tardif. 1967). 

The elastic moduli determined by both the 
static and the dynamic approach in conditio- 
ned sound wood samples have been repor- 
ted to be well correlated (Machek et al., 
1997; Blass & Gard, 1994, Perstorper, 
1994; Gerhards, 1975). In general dynamic 
Young's modulus over-estimate static ben- 
ding by 5 to 15%. These findings also agree 
with results obtained by Machek et al. (1998) 
for several wood species decayed to various 
extents. 

Little research has been reported on the 
effect of the moisture content (mc) on the na- 
tural frequency of wood. Burmester (1965) 
reported on speed of longitudinal stress wa- 
ves (CL) in pine in relation to the moisture 
content ranging from zero to fibre saturation 
point (FSP) and farther to fully saturated con- 
dition. This research showed linear reduction 
in CL between in range 9 to 27% of wood mc. 
For additional increase of mc up to 152%, 
Burmester observed 14% reduction in 
speed. James (1964) reported an effect of 
the mc on the speed of longitudinal stress 
waves wlrhln the hygroscop~crange below fb 

ore sarurat on polnr IFSPI n clear Douglas-ftr 
specimens. 

In this study a significant correlation bet- 
ween the elastic moduli determined statical- 
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Fig. 1. Moisture content and modulus of 
elasticitv calculated from Gerhards 119751 . ~, 
data for sweetgum samples analysed by, 
static MOE I--1. dynamic MOE flexural . . .  
vibration (-A-) and dynamic MOE longitudi- 
nal vibration (-*-) 

ly and dynamically (longitudinal vibration) in 
the wood moisture range from about 12 to 
28% mc was observed but the regression co- 
efficients appeared to depend upon moistu- 
re content. Gerhards l19751 evaluated the ef- 
fect of wood mc varyingfrom 15 to 150% on 
the S~eed of loneitudinal and flexural stress ~~ ~~~ 

wave's and calculated the corresponding 
MOE values from stress wave orinci~les. The 
a.toor reporred that rtip 1h1q 1.d na MOE 011- 
'erc corcmrao y lrom r+e s'arc MOC ana 
that the longitudinal stress wave technique 
should not be used to assess the static MOE 
without any correction. Furthermore, as sho- 
wn in Figure 1, the static MOE was found to 
be somewhat higher than the dynamic flexu- 
ral modulus. Gerhards assumed that the in- 
consistency between these results and other 
literature data might be explained bv the ore- 
vious use of softlvoods whereas he experi- 
mented with hardwoods Isweetgum). Ger- 
hard assumed that the difference between 
the two types of dynamic MOE may partly be 
due to neglecting of the correction factor in 
the elementary Timoshenko (1953) formula 
for flexural MOE (longitudinal MOE is about 
20% higher than the flexural MOE in the hy- 
groscopic mc range). 

This studv was set UD to evaluate the ef- 
lecl ol mos;.re conrent, uar,mg lrom oven 
dry to IL y sar-rarea rrooa, on the moau JS 
of elastich using as well the static and the 
dynamic approach. A low dependency of the 
measurements on varvinn moisture contents 
AOI. o oe of great mDorLnr~ lor slam f~e  d 
rest rr als, because tnc act~al  wood mc $a- 
ries along the stake length and the moisture 
gradient will be very diff~cult to predict. 

Materials and Methods 
The material consisted of twenty specimens 
(10 X 5 x 100 mm? of beech (Fagus sylva- 
tica) and Scots pine (Pinus sylvestris) sap 
wood. 

The experimental equipment for the de- 
termination of the dynamic modulus of ela- 
sticity was a commercial Grindosonic MK5 
,,industrial" lJ.W.Lemmens N.V., Leuven, Bel- 
gium). The equipment and measurement p re  
cedure are described in detail in a previous 
study by Machek et al. 11998). Flat-wise stb 

Fig. 2. Cross-section dimensions of beech (A) and Scots pine (B) specimens during drying 
from fully saturated stage to 0 X moisture content (mc). Width (-S-) and height (-A-) 

tic MOE in the tangential plane was determi- 
ned using a 3-point bending test in accor- 
dance with the German standard (DIN 52 
186) using a universal testing machine (type 
Roell & Korthaus). The applied load was ad- 
justed to cause a deflection of 0.75 mm. 

The test stakes were impregnated with 
water. For this purpose, stakes were sub- 
merged in water, for approximately 50 hrs, in 
a vacuum vessel. Atter imoreenation excess 
uarer has H ped from thespic men s~r face 
an0 the measJremenrs nere performea in 
tlle lo ou  ng orner: we p :ng  of the sam- 
P CS, measurement of d)nam c MOE and sta- 
t c MOF and, f na lv, dcrcrm nat on of sanmie 
dimensions. The wood specimens were then 
dried stepwise in a conditioned chamber. 

The first 9 stages of reconditioning, at 
moisture content (mc) above FSP were per- 
formed at a temperature of 26•‹C and a rela- 
tive humidity (rh) of 95%. The time between 
individual stages of measurements was a p  
proximately 24 hours. When the moisture 
content reached ca. 30%, the test material 
was conditioned at 26•‹C to moisture con- 
tents of about 18% lrh 85). 12% (rh 70), 8% 
(rh 451, 7% lrh 40). 6% lrh 301, 5% (25) and 

and for Scots pine was 170%), the volume in- 
creased up to the maximum capacity of the 
wood cell wall to swell was reached (FSP of 
beech around 18%. Scots oine 12%). and 
then it rema n constanr regardess of further 
Increase n tne molsrure contenr. As a res~it .  
the density increased with increasing moi- 
sture content. The natural frequency decrea- 
sed with increasing moisture content level. 
The decrease in the frequency is partly due 
to the higher density and party due to the Ib 
wer MOE of the moist wood. These results 
are n agreemenr rr m prev 0.8 reports [Kol 
mann ana Krech, 1960. Gerharns, 19751 

Figure 4 relates the modulus of elasticity 
calculated from both static and dynamic a p  
proaches to the wood moisture content. The 
static MOE determined for both beech (A) 
and Scots pine (C) revealed the expected ge- 
neral trend. The MOE is reduced with increa- 
sing moisture content up to approximately fi- 
bre saturation ooint. In both cases for beech 
and pine, the dynamic MOE values followed 
the same trend as those obtained bv the sta- 
tic measurements. These findings agree clo- 
sely with results reported earlier by Kollmann 
and Krech 119601. 

4O, (rn 151 Tne ~dsr stage ol tne measure- Cornpar son of me aosol~re values of the 
rnenrs was oven d~ conamon. performed ar MOE cacbated oy ootn, me srat c ana rhe 
103'C aynamlc aoproacnes showed rhat rhp ctar~c 

lhe meas.remen1 proceoure uas repea- MO€ val~es are ower tnan those mcas~red 
r ~ d  ahcr cacn of se\enteen stages of recon- dvnamcal~r Tne starc MOE va ues ooserveo - 

ditioning. for beech rn the range from dry to fibre satu- 

Results and Discussion ration point are ca.17% lower than the values 
obtained by the dynamic approach. Above 

Changes in the elastic behaviour and other ca. 30% mc, the static MOE is about 30% l@ 
wood properties (density, fundamental f r e  wer than the dvnamic flexural MOE. Concer- 
auency and omcnslona changes) unoer ua- n ng pne wooa, rnls a~tterence seven more 
~IOUS molsture content eves aere assessea ev oent [ca. 2590 oelou FSP ana ca. 40% 
W rh oeecn and Scots p,ne samples. aooge FSP, respecr~veiyl. Tn~s phenomenon 

In F g. 2 tne d menstons lwarh an0 new11 S moun and agrees ~ l r h  prevous reporrs 
of Scors Dne are ponea aaa nsr rlie wood (hearmon. 1966: Goerlacher. 1984: B ass er 
moisture content. ' Both curves show that al., 19941: cracks and other imperfections in 
samples began to shrink at approximately the specimen structure have been sugge- 
40% mc during the reconditioning stage. sted to account for the lower values in the 
This early shrinkage will be due to surface static modulus. Similar conclusions were dra- 
drying effect, occurring even at an average wn by lde (1935) as a result of experiments 
mc of the whole sample above fibre saturatii on rocks. In our study the difference seems 
on point. excessive com~ared to the literature. The in- 

Fgure 3 shows nou aeghr, denslry ana consistency can partly be expaned by the 
natura flexural lreqbency of oeecn ana Scors fact rhar me stauc MO€ measurements are 
pine samples were affected by moisture cow examining only a small area around the cew 
tent. While the weight of the specimens in- tral loading point, while the dynamic MOE 
creased linearly with the moisture content measurements are examining the entire sam 
(the highest mc tested for beech was 113% ples. In the static bending test, the deflection 
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