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Moisture—Concerned Properties of Karamatsu LVL

Effects of meteorological factors on hygroscopical
and dimensional behaviours of karamatsu LVL

Tadao KITAVURA

Samples of laminated veneer lumber taken from the sapwood and the heartwood
of karamatsu, Japanese larch, were left exposed to outdoor conditions for two
years. One group of the samples had been given a protective treatment of coating
or end-sealing, while the other had been given none of it. After two years of
exposure, the effects of the protective treatment were evaluated from multiple
regressional models determined from meteorological factors in the test period;
those multiple regressional models were determined so that they might express
changes in (1) the weight, or moisture balance, (2) the dimension in a width
direction, and (3) the dimension in a thickness direction, of each LVL sample
in terms of a constant, the total quantity of solar radiation (MJ/m?), and
the monthly quantity of precipitation (mm).

Then standard changes in weight and dimension, which correspond to changes
in quantities of solar radiation and precipitation, were determined by analyzing
the multiple regressional models. The changes determined thus were compared
with the experimentally-obtained information on how effective the protective
treatment was for making the LVL resistant to the influence of solar radiation
and precipitation. Their influence upon the sapwood LVL and a the heartwood
LVL, each of which was further divided into a treated group and non-treated
group, were separately examined. The results obtained thus are summarized as
follows:

(1) The quantity of solar radiation in the exposure period had a greater
influence upon the hygroscopical behaviour of each sample than the quantity of
precipitation in the same period.

(2) Very little difference was recognized in the influence of the monthly
precipitation quantity upon the dimensional behaviour of a sample, whether the
sample was taken from the sapwood or the heartwood, or whether it had been given
a protective treatment or not, or whether the treatment was end-sealing or
coating with polyurethane.
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(3) Polyurethane coating on the whole surface of the sample was found to be
effective for reducing the damage by the solar radiation, while the end-sealing
was found to be hardly effective for the same purpose.

(4) The influence of meterological factors upon the dimensional change in
width of a sample showed a trend similar to that seen with their influence on
the hygroscopical behaviour.

(5) Thickness change was recognized to be more influenced by the quantities
of solar radiation and precipitation with a sample treated with end sealing
than with a non-treated sample. This is probably because the non-treated sample
had been affected greatly by the solar radiation and the precipitation in a
relatively early stage of exposure, thereby attaining irreversible deformation
in a relatively short period of time.
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Tablel Meteorological data for the months the exposure tests were taken place

£-0 |[2X8H | FHKRE B E |RJE| B K & AREERH | BEK | B &

years |total average (R.H.) | vapor precipitation | sunshine| sunshine| wind
month |solar temperature pressure period |ratio velocity

energy

MdJ_ 2D °C % mb mm hr % m./sec
8212 4.2 —2.3 81 4.2 85.5 67.6 24 1.8
83+ 1 5.6 —6.8 83 3.2 97.5 89.0 31 1.7
v 2 8.7 —8.4 79 2.7 37.5 135.8 47 1.6
3 13.5 =3.1 76 3.8 23.0 214.3 58 1.6
- 4 16.0 8.6 57 6.3 19.5 232.8 58 1.6
5 16.0 11.7 67 9.2 60.0 203.7 45 2.5
+ 6 15.3 12.8 76 11.2 91.0 134.5 29 2.0
7 15.5 18.2 77 16.1 69.5 178.1 38 1.7
8 15.2 21.5 80 | 20.6 87.0 195.6 45 1.5
-9 12.3 15.5 81 14.4 77.5 159.3 43 1.6
- 10 8.0 6.7 79 7.9 203.5 132.3 39 2.0
-11 5.2 2.4 80 5.9 69.5 87.3 36 1.6
12 4.6 =5.5 82 3.5 94.0 110.6 36 1.7
84- 1 57 —9.0 85 2.8 86.0 136.5 38 1.3
2 8.4 —10.4 81 2.3 44.0 166.4 43 1.3
- 3 14.1 —4.5 74 3.3 21.0 252.0 60 2.0
- 4 17.5 3.5 65 5.0 11.0 266.1 64 1.8
-5 18.6 11.9 67 9.1 30.0 257.8 53 1.8
- 6 19.2 18.7 71 15.0 46.0 246.2 51 2.0
- 7 18.4 22.7 75 | 20.6 78.0 252.5 51 1.8
- 8 16.6 22.4 72 19.6 35.0 256.3 53 1.9
-9 13.2 15.5 77 13.5 60.0 208.9 52 1.5
- 10 7.9 7.3 77 8.0 124.0 140.4 38 2.0
- 11 5.6 1.0 76 5.2 127.0 111.7 37 2.3
12 4.5 —4.8 79 3.6 65.0 107.7 32 1.8
85- 1 5.9 —-12.4 78 2.0 49.0 168.7 44 1.2
< 2 8.2 —4.8 79 3.5 53.5 107.4 37 1.9
-3 11.4 —-2.1 73 3.9 34.0 171.8 47 1.9
- 4 14.8 6.8 68 6.7 57.0 204.5 51 2.0
5 18.4 11.9 61 8.2 56.0 253.2 56 2.2
- 6 19.0 15.3 69 11.7 29.5 228.3 50 1.8
L 16.4 20.3 79 18.9 101.5 193.8 42 1.8
- 8 15.2 23.6 79 | 22.8 86.5 207.9 48 1.6
-9 12.3 14.8 80 13.6 142.0 187.8 50 1.6
- 10 8.7 8.5 79 9.0 132.5 158.2 46 1.8
<11 5.4 2.1 79 5.8 97.0 89.9 31 2.0
<12 4.7 —6.7 85 3.3 96.5 84.7 31 1.6
86 1 5.9 —9.9 80 2.5 49.0 90.3 31 1.8

B M RREER

data from meteorological observatory Asahikawa
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Table2 Correlations between meteorological factors and moisture gain as well as dimensional

changes of LVL samples in outdoor exposure. (correlation coefficients (r)]

fRA LR i3 2 B+ v s vk A 0oM R e+
Protection nil polyurethane coated ends sealed
i/ A5 BUj | o | 4 oo o a oo #
heart- /sapwood sapwood heartwood | sapwood | heartwood| sapwood heartwood
[T
meteorological
factors
(i 43)
moisture added .
'%)Eﬂgij‘ solar energy _0.819:: _0?96:: _0612: -Ov564** ‘0.801:: _0-853::
FH9%iE  temperature -0.640 -0.555 -0.436 -0.294 -0.719 -0.724
Al * ** * %
& & humidity 0.589**| 0.546**| 0.343 0.431 0.626 0.651
% % IE vapor pressure | —0-573%* —0,509: -0.439%* —0.273* -0.608 **| -0.613**
B Kk it ipitati 0.341 0.448 0.343 0.448 0.158 0.224
H B gzﬁzl}'lpilnz ;::;iod -0.684**| -0.683%*| -0.412 -0.433% | -0.849%*| -0.824**
H B # sunshine ratio -0.386 -0.423*% | -0.212 -0.266 -0.793*%%) -0.785*%*
. # wind velocity -0.363 -0.274 -0.178 -0.153 -0.213 -0.214
CYEERSIMER
- HA )
dimension added
; radial . s e
éfﬂﬁq‘ s,o]ar Eenergy —0.231 "0375 _0064 _0‘495 ‘0<6?4 "0‘571‘
SR temperature 0.202 0.019 0.299 -0.096 —0.344** -0.534
#  humidity 0.264 0.287 0.122 0.155 0.632 0.350
7% % I vapor pressure 0.228 -0.019 -0.321 0.023 -0.253 -0.423%
B 7k #t precipitation 0.448* 0.707**]| 0.220 0.552**| (.554%*| ~0.158
B  sunshine period | —0.161 -0.376 0.162 |[-0.598**| -0.663** -0.504*
H B # sunshine ratio -0.192 -0.321 -0.334 -0.662**| —0.568 **| -0.365
A & wind velocity -0.076 0.010 -0.081 -0.170 -0.153 -0.264
(TEERS R
- BJjfa))
dimension added
: tangential
2KHH solar energy -0.562%*| -0.588%*| -0.335 | -0.201 —0-695:* —O‘TSO:*
EHSIE  temperature -0.317 -0. 193* =0.029 0.003 -0.459 -0.528**
i B humidity 0.388 0.449 0.208 0.271 0.462 0.729
7# % FE vapor pressure | —0.313 -0.198 -0.058 0.014 -0.379 -0.386
f# /&K fit precipitation 0.395 0.687** 0.466* 0.383* 0.245 U'SDBt
HESR]  sunshine period | —0.607**| -0.679**| -0.354 | -0.123 -0.590 %%} -0.736**
H M #% sunshine ratio | —0.423% |-0.549%*)|-0.239 0.100 -0.474% | 0.040
B # wind velocity -0.207 -0.052 -0.288 -0.095 -0.114 -0.311
* - HBENEEEER 5% T4 correlation is significant upon 5 % error size.
% .y " I%Tﬁﬁ #” #” # #” 1% » #”
+ 24O F—FiIc LD calculated from 24 pairs of data
+H 1 20%DF —RiC LB ” 4 20 noow o
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Table3 Multi-regressional models giving dimensional or moisture-changes of karamatsu

LVL from two meteorological factors during outdoor exposure.

f=a+bxy+cxe
z1: AR KESHE (MJ/m2)
average daily total solar energy
%2 : Ak E (mm)

monthly precipitation

r? e
a b c E R HeemE
coefficient standard

of determination error

FihnR (ks )

weight increment ( moisture added)

i #
piid iRz heartwood 9.15 —38.62 x10-2 —9.17x1073 0.640 1.32
without protection 1 #f
sapwood | 31.36 —124.64 x102 -48.04x10-3 0.699 3.57
i
AC1LEg heartwood 5.99 —23.88 x10-2 —3.05x103 0.731 0.72
ends sealed I
sapwood | 11.53 —48.43 x10-2 —11.22x10-3 0.657 1.72
i M
UAPE i heartwood 3.88 —12.13 x10-2 0.75x10-3 0.319 0.90
polyurethane coated 4 #f
sapwood | 10.95  —38.45 x10%2  —9.24x10"3 0.365 2.31

SRR (B — ff)

dimensional increment ( tangential direction)

i #
o fmas heartwood [ 0.57  —2.45 x10-2 2.13x10°% 0.411 0.20
without protection P~ |
sapwood | 1.67 —6.58 X102  —3.35x1073 0.610 0.11
A o
= heartwood | 0.97 —2.73 x10-2 0.27x10-3 . )
ends sealed I 0-610 o-11
sapwood 1.15 —3.41 x10-2 6.98x10-3 0.484 0.18
L #
T Ly ek heartwood | 0.63 —0.22 x10-2 2.23x1073 0.057 0.31
polyurethane coated 1 #%
sapwood 0.69 —-1.22 x10-3 1.30x10-3 0.083 0.30
‘ - SHESIME (H - HED
L M dimensional increment ( radial direction )
) fmmp heartwood 0.50 —0.64 x10-2 1.30x10-3 0.212 0.12
without protection & #4
sapwood 2.08 0.91 x10-2 5.72x10-3 0.107 0.46
Ar s il
(] heartwood | 0.69 —1.46 x10-2 ~1.25x10-3 467 .
ends sealed I | 040 08
sapwood | 1.85 —4.08 x10-2 4.13x10-3 0.578 0.25
i #
YLy R heartwood | 0.02 —0.62 x10-2 1.86x10-2 0.366 0.11
polyurethane coated & #
sapwood 0.72 —-2.23 x10-2 3.65x10-3 0.056 0.43

(HREXSH HF2%5 F65)
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Fig.l Multi-regressional estimates and observed
values of dimensional changes for karamatsu
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specimen : ends sealed heartwood LVL
solid line : multi-regressional estimates
filled circle : observed
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solid line : multi-regressional estimates
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X1 : average daily total solar energy
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Fig.3

Effects of solar energy or monthly precipitation on changes of

dimension and weight of samples of karamatsu LVL during

outdoor exposure.
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