The influence of wood moisture con-
tent on dynamic modulus of elasticity
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ield stake tests methods based upon EN
2%2 ana anoratoryinsier le so ben tesr
are well estaot'snea 1o pro.e the eff cacy of
wood preservatives and the natural durability
of timber in contact with the ground. Me-
tnoos generaly app ed 10 assess wood Ce-
cay nfeatrasie.g., spintertest, so.nong
with a hammer, visual examination, etc.), alt-
hough relatively simple, are often not suffi-
ciently sensitive to detect early decay.
Strength testing by determining the modu-
lus of rupture {(MOR) in combination with the
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Die herkdmmlichen Methoden, um Pilzbefall
unter Feldtestbedingungen 1] beurtf:ilen.,

stimmungsmethoden, bei denen Festig-
ke tsvertluste udet Verar Jetur ger det v g
st schen cigenschaften gemessen werden,
bieten hierbei Vorteile,

In den vorliegenden Versuchen wurde der
Einfluss unregeimaBiger Holzfeuchtevertei-
lungen {wie in der Praxis von Feldversuchen
iblich} auf das dynamische E-Modul be-
stimmt. Hierzu wurden E-Moduldnderungen
bei unterschiedlichen Holzfeuchten mittels
dynamischen und statischen Messverfahren
verglichen. Wie erwartet, verandert sich der
E-Modul bei sich andernden Holzfeuchtig-
keiten. Statische und dynamische Messun-
gen zeigen hierbei vergleichbare Trends. Je-
doch fiir praktische Feldmessungen ist die
Beobachtung wichtig, dass bei einer Ver-
nachldassigung der Einbeziehung der sich
durch Holzfeuchtednderung verursachten
Dimensionsanderungen der dynamische E-
Modul viel weniger von den Holzfeuchtedn-
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., sensit
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 exami
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 guantitative 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 speci
mens were calc.lated by conventona sta
t ¢ and dynami¢ techmiques. Tne aensity, 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 static and aynarmuc MOE meas.rements
fol owed tne same treno, regarq ess of tne
wooa maoisture content, F.rthermore, tnis
researcn shows that if dimenstonal changes
that occur during shrinkage/swelling of
wood are neglected, the calculated dyna-
mic MOE 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
inspections of the fungal attack n field tr als
as well as in laporatory Jnsterile soil 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 fle-
xural MOE was calculated based on the equa-
tion derived by Hearmon (1966} [eq. 1]. This
mathematical expression uses the natural
frequency of wood together with the density
and the data describing the shape of a spe-
cimen [Eq. 1]:

MOE,,,= 4x1x 1 ><nf121 XA L R x K )

1... moment of inertia (mm#)

A ... area of the cross section (mm?2)
f ... frequency (xHz)

g .. density (kg/m3)

... length [mm)
K, = 49.48
my = 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
waod dane by others, itis 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 {C,) 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 G, between in range 9 to 27% of wood mc.
For additional increase of m¢ up to 152%,
Burmester observed 14% reduction in
speed. James (1964} reported an effect of
the mc on the speed of longitudinal stress
waves within the hygroscopic range below f+
ore saturat on point (FSP) n clear Douglas-fir
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
elasticity calculated from Gerhards (1975)
data for sweetgum samples analysed by,
static MOE (-+-}, 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 vupon moistu-
re content. Gerhards (1975) evaluated the ef-
fect of wood me varying from 15 to 150% on
the speed of lengitudinal and flexural stress
waves and calculated the corresponding
MOE values from stress wave principles. The
a.tnor reported that e long t.d na MOE aif-
‘ers corsweraby from the s*arc MOE 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 by the pre-
vious use of softwoods whereas he experi-
mented with hardwoods (sweetgum). 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 study was set up to evaluate the ef-
fect of mo st.re content, varying from oven
dry to fu y sat.ratea wooa, on the moau Js
of elasticity using as well the static and the
dynamic approach. A low dependency of the
measurements on varying moisture contents
aoe a oe of great mportance for stake fie d
test trals, because tne actual wood me va-
ries along the stake length and the moisture
gradient will be very difficult to predict.

Materials and Methods

The materiat consisted of twenty specimens
(10 x 5 x 100 mm>3) 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
Jndustrial’ (J.W.Lemmens N.V., Leuven, Bel-
gium). The equipment and measurement pro-
cedure are described in detail in a previous
study by Machek et al. (1998). Flat-wise sta-
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Fig. 2. Cross-section dimensions of beech (A) and Scots pine (B} specimens during drying
from fully saturated stage to O % moisture content {mc). Width (-+-} and height {-A-)

tic MOE in the tangential plane was determi-
ned using a 3point 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, After impregnation excess
water aas w ped from the spec men sturface
anco the measarements were performea in
e fo owng oraer: we gntng of the sam:
p es, measurement of dynam ¢ MOE and sta-
tc MOE and, fna ly, determ nat on of sample
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 ap-
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% (rh 85), 12% {rh 70}, 8%
{rh 45), 7% (rh 40), 6% (rh 30, 5% (25) and
4% {rn 15). Tne 1ast stage of the measure-
ments was oven dry conamon, performed at
103<C

The meas.rement procegure ~as repea-
ted after eacn of seventeen stages of recon-
ditioning.

Results and Discussion

Changes in the elastic behaviour and other
wood properties (density, fundamental fre-
quency and aimensiona changes) unaer va-
1ous Moisture content eve s were assessed
w th oeecn and Scots pine samples.

inf g. 2 tne d menstons (w ath ana nergnt)
of Scots pne are pottea aganst the wood
moisture content. Both curves show that
samples began to shrink at approximately
40% mc during the reconditioning stage.
This early shrinkage will be due to surface
drying effect, occurring even at an average
mc of the whole sample above fibre saturati-
on point,

F gure 3 shows now we ght, density ano
natura flexural frequency of beecn ana Scots
pine samples were affected by moisture con-
tent. While the weight of the specimens in-
creased linearty with the moisture content
(the highest me tested for beech was 113%

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 pine 12%), and
then it rema n constant regard ess of f.rther
Increase ntng moisture content. As a reselt,
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 lo-
wer MOE of the moist wood. These results
are n agreement w tn prev 0.s reports (Kol
mann ana Krech, 1960; Gerharas, 1975).

Figure 4 relates the modulus of elasticity
calculated from both static and dynamic ap-
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 paint, In both cases for beech
and pine, the dynamic MOE values followed
the same trend as those obtained by the sta-
tic measurements. These findings agree clo-
sely with results reported earlier by Kollmann
and Krech (1960).

Compar son of the apsotite val.es of the
MOE cacu ated oy notn, tne statc ang the
aynamic approacnes showed that the static
MOE values are ower tnan those meas sred
dynam caliy. Tne static MOE va ues opservea
for beech in the range from dry to fibre satu-
ration point are ca.1 7% lower than the values
obtained by the dynamic approach. Above
ca. 30% mc, the static MOE is about 30% lo-
wer than the dynamic flexural MOE, Concer-
nng pne wooo, Ims aifference s even inore
evaent (ca. 25% oelon FSP ang ca. 40%
anove FSP, respectively), Tnis phenomenon
s wnoan and agrees with prevous reports
(hearmon, 1966; Goerlacher, 1984; B ass et
al., 1994). Cracks and other imperfections in
the specimen structure have been sugge-
sted to account for the lower values in the
static modulus. Similar conclusions were dra-
wn by Ide (1935) as a result of experiments
on rocks. In our study the difference seems
excessive compared to the literature. The in-
consistency can partly be exp aned by the
fact that tne static MOE measurements are
examining only a small area around the cen-
tral loading point, while the dynamic MOE
measurements are examining the entire sam-
ples. In the static bending test, the deflection
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Fig. 3. Effect of wood moisture content (mc) on weight (-s-), density (-A-) and natural fre-
quency (-+-) of beech (A) and Scots pine (B) specimens
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Fig. 4. Effect of wood moisture content (mc) on the modulus of elasticity (MOE) calculated
by both static (-e-) and dynamic (-A-) approaches. Beech samples (A and B), Scots pine(C
and D). The initial dimensions of test samples (12% mc).were used to calculate the MOE

values in chart B and D

was determined only as load displacement.
Furthermore, part of the difference in the two
types of elasticity constants may be due to
neglecting of shear and rotary inertia in the
dynamic MOE calculation.

In an ideal system, ie., uniform beam,
evenly distributed load throughout the beam,
impulse excitation, the equation 2 is valid
(Gerhard, 1975) [Eq. 2]:

Figure 4B and 4D show the MOE values
calculated for beech and Scots pine from
both the static and the dynamic approach.
However, the MOE values plotted in latter fi-
gures (B and D) were calculated according to
[eq. 1], using the initial dimensions at ca 12%
wood moisture content rather than actual di-
mensions of a specimen at a certain wood
mc.

When the dimensional changes occurring
below FSP are neglected, then only the fre-
quency and mass from Timoshenko MOE dy-
namic equation [eq.1] will change with chan-

ging moisture content (fig. 4). As these two
magnitudes change linearly over the whole
range of moisture content. Based on this
equation, the dynamic MOE should stay con-
stant when dimensional changes in the hy-
groscopic range are not considered.

The results obtained with beech and
Scots pine wood specimens indicate that the
changes in the elastic behaviour (MOE) differ
considerably between static and dynamic
methods. Generally, the static MOE losses
show the same trend as when calculated with
the actual dimensions at a certain mc (Fig.
4A and 4C). However, the observed values
are influenced by the ratio of dimensional
changes of a particular wood species. In con-
trast, the extent to which the dynamic MOE
changes is very small. The average value ob-
served for beech above and below fibre sa-
turation point differs approximately by 6%,
while in the case of Scots pine it only shows
a difference of ca. 0.5%.

In this study the actual moisture gradi-
ent across the cross section of stakes after
each phase of reconditioning was not deter-
mined. It was assumed that the liquid moi-
sture, as well as the vapour in the cell wall,
were evenly distributed throughout the spe-
cimens. In practice, this assumption will not
be completely true due to uneven drying of
the stakes, starting with surface drying ef-
fect. The fact that the dynamic MOE calcula-
ted for beech (average value 12.076 MPa,
standard deviation 498 Mpa) and Scots pine
(median value 14.614 MPa, std. 301 MPa)
was not consistent may be due to that un-
even drying effect.

Conclusions

From the results of this research it can be
concluded that for both timber species
(beech and Scots pine) the modulus of ela-
sticity in the hygroscopic range was found to
be highly dependent on the moisture content
of the samples. Above fibre saturation the dy-
namic MOE was much less dependent on fur-
ther moisture uptake, whereas the static
MOE was only dependent on the load to de-
formation rate.

Furthermore, if the dimensional changes

=B
(/=&

f ... initial frequency (Hz)

p ... initial sample density (kg/m3)

f, ... changed frequency (Hz)

p, ... changed sample density (kg/m?)

which occur during the drying or wetting pro-
cess are neglected, the dynamic elastic con-
stant was constant to different mc's, confir-
ming the theoretical assumptions. These fin-
dings might be of importance for field trials
of natural durability or wood preservatives
testing, where for obvious reasons the sta-
kes can not be conditioned before measure-
ments are taken in the field.
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