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ERROR DETERMINATION OF THE FORMULAS USED FOR RECALCULATION
OF WOOD STRENTH FACTORS ON 12% MOISTURE CONTENT

The article snows that while recalculating wood strength factor on the standard 12% moisture
content the formulas used give a considerable error. Especially substantial error (7-9%) is ob-
served at recalculation of the wood strength tested at the extreme values of the bound moisture
range (0% and 30%). Depending on the wood moisture during testing the established error values
permit to introduce the necessary corrections into the recalculation results according to the formu-
las. A method of more precise recalculation of wood strength on 12% moisture content is given in

the article.

Introduction. Because of the fact that wood
strength depends on the moisture content in it,
comparative estimation of wood properties is poss-
ible only at the identical moisture content in expe-
rimental models. Therefore in wood science the
received tests results are always recalculated on
standard 12% moisture content according to the
corresponding formulas.

These formulas are given in standards for me-
chanical wood tests, and the formula choice de-
pends on the wood moisture content at the testing
moment. So, if before the test the samples were
exposed to air-conditioning up to the normalized
moisture content (11-13%), the following formula
is used:

6, =0, [1+a(w-12)], (1)

where o, — strength factor at 12% moisture con-
tent, o, — strength factor at the wood testing mo-
ment, 0 — correction factor on moisture content,
w— wood moisture content at the testing moment.

For non-conditioned samples, i.e. samples
with moisture content more than 11-13%, strength
recalculation on 12% moisture content is done ac-
cording to the formula:

o,=0,/Kp, 2

where K, — recalculation factor found in the spe-
cial table taking into account the actual density of
wood under study.

If density determination was not done, the re-
calculation factor is taken to be equal to the aver-
age value for the species under study and is found
in the corresponding table. In case of doing wood
samples air-conditioning up to moisture content
equal to or more than fiber saturation point, the
following formula is used for recalculation on 12%
moisture content:

612 = Gw / K1320’ (3)

where K} — recalculation factor at wood mois-
ture content of 30% and more, depending on

wood species and equal for example for pine
wood to 0.450.

Thus, four ways of factors recalculation of the
mechanical wood properties are suggested, re-
ceived at the moisture content at the testing mo-
ment, on standard 12% moisture content [1].

Main part. It is of interest to recalculate on
12% moisture content according to different
formulas of wood samples in the humidity
range from 0 to 30 %, to compare strength re-
calculation factors with the true value at 12%
moisture content and to determine their error
value. For this purpose 6 samples with
20%x20%x30 mm dimensions were sawed sequen-
tially from 10 pine wood laths with 20x20x300
mm dimensions and with density from 391 to
521 kg/m® at 12% moisture content for com-
pression tests along fibers, the first samples
were intended for strength determination in ab-
solutely dry state, the second ones — at wood
moisture content of 4-5%, the third ones — at
moisture content of 8-9%, the fourth samples —
at the normalized moisture content (11-13%),
the fifth ones — with moisture content of 20—
22% and the sixth ones — with moisture content
more than 30%.

To gain the necessary moisture content the
samples were kept in the corresponding temper-
ature-humidity environment conditions. Tests
results of the pine wood strength at compres-
sion along fibers at different moisture content
are given in Table 1. Pine wood moisture con-
tent strength diagram was plotted at compres-
sion along fibers according to the results of
strength average values at different moisture
content indexes, it is presented in Fig.1 and ma-
thematical expression of this dependency is de-
termined. As it is clear from the drawing, this
dependency is well described by the polynomial
equation:

Y=0,0505x" — 3,4121x + 78,451, 4)

where x — wood moisture content, %.
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Table 1
Compression strength along fibers of pine wood samples at different moisture content
Ultimate compression strength along fibers (MPa) at moisture content of Density,
Sample number kS
0% 4-5% | 8-9% | 11-13% | 12% | 20-22% | >30% kg/m
1 74.9 60.0 54.8 47.1 48.4 31.1 19.2 468
2 70.3 58.8 41.7 46.4 44.9 30.5 21.8 496
3 84.0 68.5 59.6 52.0 51.8 324 20.6 492
4 69.2 59.5 41.8 37.3 36.8 27.8 20.9 410
5 58.0 45.1 37.8 31.9 33.2 24.2 17.3 391
6 95.9 76.1 57.5 48.6 50.9 33.0 21.0 504
7 94.2 72.2 61.5 52.9 54.6 35.2 23.9 521
8 87.8 71.3 56.2 47.0 49.8 333 20.5 489
9 81.5 66.1 48.7 42.8 43.0 30.1 20.9 485
10 77.3 64.8 46.1 39.2 40.7 28.9 21.7 460
Average actual 79.3 64.2 50.6 44.5 45.4 30.7 20.8 472
Average calculated 78.5 65.2 54.4 44.1 44.8 30.4 21.5 -
90 certain moisture content on 12% moisture content,
20 and the greatest error is observed for extreme val-
g 3=0.0505x2-3.4121x + 78.451 ues of the moisture content range .un.der study
s 70 (0 and 30%). So, this error, i.e. deviation of the
< 60 recalculated strength indexes on 12% moisture
%D 50 content from the actual strength value at 12%
£ 40 mo%sture content, for example, for Wood with
£ moisture content of 30% and recalculation accord-
E 30 ing to the formula (1) can be 17.6% towards re-
5 20 duction, according to the formulas (2) and (3) —
10 - 6.7%, according to the formula (2) taking into ac-
0 . . . count wood density — 9.4%, and in three last cases

0 10 20 30 40
Moisture content, %

Fig. 1. Pine wood ultimate strength moisture content
dependency at compression along fibers

The received equation permitted to determine the
pine wood strength at compression along fibers at
different moisture content values with an interval of
2% with the subsequent recalculation of the deter-
mined strength values on 12% moisture content ac-
cording to the formulas given earlier. To determine
the magnitude of formulas error the recalculated
strength values on 12% moisture content were com-
pared to the actual strength value at this humidity.As
it is practically impossible to create in wood the
moisture content of exactly 12%, therefore we take
the value calculated according to the above-stated
formula and equal to 44.8 MPa as the true (actual)
strength value at 12% moisture content. The received
results are given in Table 2, and the graphic interpre-
tation of this data is shown in Fig. 2.

As it is clear from table 2, and especially in
Fig.2, the recalculation formulas give an apprecia-
ble error at wood strength recalculation received at

towards overestimate. At recalculation of wood
strength indexes in the absolutely dry state on 12%
moisture content all used formulas give an error of
about 8% towards understating.

From the given Table 2 and Fig. 2 it is also
clear that when the wood being tested approaches
12% moisture content value, both from lower and
higher moisture content, difference between the
received recalculated indexes of wood strength on
12% moisture content and actual ones at 12%
moisture content gradually decreases.

As wood is a biological material also has natu-
ral variability of properties, it is generally assumed
that if the deviation of the property under study
from the average value does not exceed 5%, so the
observational results are within the research accu-
racy limits and are quite reliable. In that case for
each of the considered recalculation formulas with
reference to pine wood at compression along fibers
it is possible to determine the moisture range of
their application. In particular, for the formula (1)
such range is wood moisture content within the
limits from 2 to 16%, for the formula (2) — from 6
to 20%, for the formula (2) taking into account
actual wood density — from 6 to 26%.
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Table 2

Recalculation value of the pine wood ultimate strength at compression along fibers depending
on the applied recalculation formula and moisture content at the moment of wood testing
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to the formula (3)

Note. Absolute ultimate strength values at 12% moisture content are in mega-Pascal in numerator, and in percen-
tage points in denominator.
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Fig. 2. Recalculated indexes of pine wood strength at compression along fibers
on 12% moisture content depending on the recalculation formulas and wood moisture content
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At wood testing in absolutely dry state the
least recalculation error on 12% moisture content
is given by the formula (2) — 7.5%, and at moisture
content of 30% and more — formulas (2) and (3) —
6,7%. Therefore the actual results, received at
wood testing with moisture content of 0 — 1%,
should be increased taking into account the for-
mulas error at the specified moisture content, on
the average by 8%. For wood with moisture con-
tent of 22-30% the recalculation index will be
rather close the actual one at 12% moisture con-
tent, if it is calculated as thearithmetical mean
value of the indexes received according to the
formulas (1) and (2). So, for example, if at
humidity of 26% the recalculation strength in-
dex, calculated according to the formula (1), is
equal to 37.2 MPa, and according to the formula

(2) — 48.2 MPa, so their average value is 42.7 MPa,
i.e. this average value is much closer to 44.8 MPa
(to the actual strength index at 12% moisture
content).

Conclusion. The revealed errors peculiarities
of the recalculation formulas for the case of wood
compression along fibers can be transferred onto
other kinds of mechanical tests of wood, but with
other numerical characteristics which can be de-
termined with the help of the basic technique used
in the present work.
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