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Development of technique
for estimating the biological deterioration
in domestic wood using NDE
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SUMMARY

(BT 8 %E)

I. Subject of Research
Development of technique for estimating the biological deterioration in domestic

wood using NDE

II. Purpose and Necessity of Research

Nowadays, NDE of wood normally has been performed for prediction of the
strength with the calculation of the MOE, and for grading the material lumber and
so on. But the study which is for detecting the biological deteriorations of wood
has not been performed frequently within the country even the exterior countries.
And, the technique which is for detecting the deterioration in wood was not
developed well, because it's just for the quantitative detection of deterioration. So,
it's very hard to know the exact location or the grade of the deterioration in
wood, and the accuracy is very low. For solving these problems, CT (Computed
Tomography) was imported and developed for qualitative detection of the

deterioration in wood using NDE.

M. Contents and Range of Research

This research was performed for developing the technique which can detect the
deterioration in wood qualitatively. The anatomical studies, and evaluating the
durability using fungi and termites were also progressed. The NDE tests using
sound wave transmission and X-ray were used, and the drilling resistance test

was also used for the support of the results. The basic studies which concern,



how the various type of wood deteriorations as well as the sound wood are
revealed in the results of the each methods, were firstly performed. And the
impact factors which affects the test results of the NDE were confirmed. The
overall researches of the various stages of artificially deteriorated wood were
performed with anatomical studies, NDE tests and confirming physical properties.
Consequently, CT technique was developed for qualitative detection of the
deterioration in wood. The technique which can visualization of the inner state of
the wood was continuously improved, and it was verified and the applicability was
considered with 3 times of the field application. Finally, DATABASE program was

builded with these results for safety evaluation of the wooden ancient buildings.

IV. Results and Effectiveness of Research

The anatomical properties, causes of the biological deteriorations and the
durability against the brown-rot fungi and the termites were confirmed with this
research. These results are considered to be not only the important basis for
backing the NDE results but also the very useful data for using domestic wood in
Korea. The technique which can visualize the inner state of wood was developed
with ultrasound and X-ray tests. And, for this technique, impact factors which
affect the test results caused by the anisotropy and nonhomogeneity of wood were
confirmed. The correlations between the anatomical and physical properties and
NDE test results were also confirmed with artificially deteriorated wood. Is is
concluded that these results may be used in the safety evaluation of the wooden

ancient buildings, with the DATABASE program which was builded at this study.
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Fig.l. Anatomical characteristics of hard pine. -1 & 2! Normal axial and
horizontal resin canals in transverse and radial surfaces , -3 & 4: Fenestriform
and pinoid cross—field pittings in radial surfaces, -5 & 6: Dentate ray tracheids in
radial surfaces. —— Scale bar of Fig. 1 & 2 = 200 um, of Fig. 3 = 50 um, of Fig. 4,
5 & 6 =10 .
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Fig.2. Hemlock. - 7: Axial parenchyma cell (arrow). - &: Uniseriate rays. — 9:
Torus extension. — 10 & 12: Nodular end walls in axial and ray parenchyma cells.
- 11: Taxodioid cross-field pits. —— Scale bar of Fig. 2 = 200 um, of Fig. 3, 4, 6 &
8 = 100 pm, of Fig. 5 & 10 = 50 um, of Fig. 7, 11, & 12 = 10 um, of Fig. 9 = 5

L.
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Fig.3. White oak (Prinus Section of subgenus Lepidobalanus). - 13:
Ring—porous wood and latewood vessels in diagonal to dendritic pattern. - 14:
Tyloses in vessels. — 15! Vessel-ray pits with much reduced borders to apparently
simple, horizontal to vertical. - 16: Prismatic crystals in parenchyma strands
(arrow). — 17: Vasicentric tracheids adjacent earlywood vessel (arrow). — 18 Rays
of two distinct sizes. —— Scale bar of Fig. 13 & 18 = 200 um, of Fig. 14, 16 & 17
= 100 m, of Fig. 15 = 50 um, of Fig. 7, 11, & 12 = 10 um, of Fig. 9 = 5 um.

,31,



21,

Fig.4. Zelkova tree. - 19: Ring—porous wood and latewood vessels in tangential

bands. - 20 & 22: Prismatic crystals in ray cells. - 21: Coalescent pit aperture in
vessel element. — 23: Spiral thickenings in latewood vessel elements. — 24: Simple
perforation plate in vessel. —— Scale bar of Fig. 19 & 20 = 200 um, of Fig. 21 =
100 m, of Fig. 22, 23 & 24 = 10 ym.
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Fig.6. Typical decay damages observed in old wooden buildings.
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Fig.7. Typical soft rot damages observed in old wooden buildings.

Fig.8. Typical insect damages observed in old wooden buildings.

,35,



Fig.10. Decay damages of wood members

by increased moisture contents due to direct rain wetting.
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Fig.12. Various examples of roof tile’s breakage.
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Fig.17. Decay damages of untreated wood used as landscape materials.

Fig.18. Decay damages of surface-coated wood

with various film-forming and penetrating finishes.
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Fig.19. Ground contact uses of untreated and surface-coated wood.
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Fig.20. Decay damages of preservative treated wood

due to poor preservative treatbility.
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Fig.21. Untreated interior exposed by cutting or boring of

preservative-treated wood at construction site.
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Fig.22. Sampling sites of P. densiflora (B), P. koraiensis (A) and L.
kaempferi (@). The site numbers are 1: Gapyeong, Gyeonggi-do, 2: Hwaseong,
Gyeonggi-do, 3: Gumsan, Chungcheongnam-do, 4: Namwon, Jellabuk-do, b5:
Hamyang, Gyeongsangnam-do, 6: Bonghwa, Gyeongsangbuk-do, 7: Jecheon,
Chungcheongbuk-do, and 8: Pyeongchang, Gangwon-do.
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Table 1. Criteria for classifying natural resistance of wood to decay fungi
according to D 2017-81.

Average residual

Average weight loss (%) Description
weight (%)
< 10 90 < 100 Highly resistant
11 < 24 76 < 89 Resistant
25 < 44 56 < 75 Moderately resistant
> 45 < b Slightly resistant or nonresistant

Table 2. Mean weight losses of different wood species in ASTM D-2017-81
tests with fungi tested.

Weight loss (%)

Species Fomitopsis Gloeophyllum Durability class
palustris trabeum
. £ Highly resistant (F. palustris)
Red pine 621 a 14.59 a Resistant (G. trabeum)
Korean pine 0.70 b 458 b Highly resistant
Japanese larch 21.38 ¢ 1884 ¢ Resistant

“ISame letters followed by numbers in each column are not significantly different (2=0.05)

according to the Duncan's multiple range test.

) 9

d A%e 7 Y8 oy Avse Ansh AW Viknen 19D G

trabeum o1 4% G £bTel AAUFAH MwAY Ak, B QA FALEHA
_"

o]l AAU Aol ke Basgity. 3 Bjorkman(1944)¥} Viitanen &
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W FEEFT FA4Hresin acid)e] #Ho A AAARE Z-8&35F+=d(Saranpaa and
Piispanen, 1993), 7 &0l 9dF Al 45 °oF 01% A== 2uFFe] dit &

o}
Z 4.0%0] B]ate] wl$ 7] wlEel Ao ALF E vH(Viitanen et al. 1997).

U F.opalustrisel disiAE 4 W8S ®Belu G otrabeumell A=
F. palustris®l] ©]3 TZFFLRGE 207 d= SFHAEE BT SuF 4]
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Fig. 23. Mean weight loss of red pine (left) and Japanese larch (right)
according to ASTM D-2017 in each sampling sites.
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Table 3. Difference of natural durability according to sampling sites in each

species at each level of fungi tested as compared by a Duncan’s multiple

range test of mean values (a = 0.05).

Sampling site

Species Fungi
Namwon Bongwha Hwaseong

Pyeongchang Jecheon

Red pine F. palustris

G. trabeum

Bongwha Hamyang  Pyeongchang Jecheon  Gumsan Gapyeong

Japanese F. palustris

larch

G. trabeum

= =
o A5 wARste] AA o Fim, £EHYF A AVE 45 FbA
Webd A el A % AR Fagagel Aold olfi Ha @l A
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Table 4. Weight loss of each board of test species in sampling sites

according to ASTM D-2017.

Weight loss (%)

Sampling
Species site Board No. Fomitopsis palustris  Gloeophyllum trabeum
Red pine Bongwha 1 1.00* c 41.36 a
2 0.32 c 0.18 d
3 0.40 c 1.63 d
4 24.03 a 26.75 b
5 13.01 b 1752 c
Hwaseong 1 1.88 c 13.52 b
2 0.66 c 16.55 b
3 19.38 a 27.67 a
4 7.67 b 16.22 b
5 2.43 c 174 b
Jecheon 1 2.10 b 12.82 ab
2 2.24 b 6.82 b
3 1.97 b 16.7 a
4 6.75 a 10.73 ab
5 3.62 ab 16.96 a
Namwon 1 14.29 b 10.97 bc
2 3.41 d 27.93 a
3 17.68 a 21.95 a
4 2.41 d 4.81 c
5 9.97 c 13.13 b
Pyeongchang 1 0.29 b 0.25 b
2 1.10 b 0.37 b
3 1.05 b 2.43 b
4 0.80 b 20.97 a
5 16.73 a 18.97 a

* Values are mean of 6 replicates. Same letter followed by the numbers in each column are

not significantly different(2=0.05) accrdoing to the Duncan’s multiple range test.

,50,



Table 4. Continued.

Sampling Weight loss (%)
Species site Board No. Fomitopsis palustris  Gloeophyllum trabeum
Japanese
Bongwha 1 31.37 a 25.12 a
larch
2 24.43 b 21.51 a
3 29.73 a 27.65 a
4 23.25 be 22.72
5 18.50 c 13.35
Gapyeong 1 22.19 b 20.71 a
2 18.76 c 16.63 c
3 20.33 bc 28.00 b
4 25.83 a 35.94 a
5 16.00 d 20.03 c
Hamyang 1 36.57 a 30.55 a
2 16.44 c 9.31 b
3 19.48 c 14.97 b
4 28.42 b 23.34 a
5 28.67 b 26.22 a
Jecheon 1 16.62 b 20.85
2 16.19 b 1557
3 16.70 b 1827 ab
4 16.97 b 1875 ab
5 19.97 a 29.67 a
Gumsan 1 21.28 bc 19.66 b
2 30.14 a 24.54 a
3 1792 c 17.84 b
4 22.14 b 18.44 b
5 1894 bc 15.38 b
Pyeongchang 1 15.40 b 13.75 a
2 23.20 a 14.13 a
3 16.35 b 13.49 a
4 15.89 b 10.66 a
5 13.83 b 13.71 a

,51,
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Table 5. Results of laboratory evaluation of different wood species exposed

to 400 subterranean termites of Reticulitermes hesperus.

Species Weight loss (%) Remark
Red pine 19.81 b*
Korean pine 2456 a
Japanese larch 2272 ab

“Same letters followed by numbers in each column are not significantly different (2=0.05)
according to the Duncan’s multiple range test.
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sampling site

Bongwha ]

Gapyeong ]

0 10 2 ) 40
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Fig.24. Mean weight loss of red pine (left) and Japanese larch (right)
according to AWPA E1-97 in each sampling sites.

Table 6. Difference of susceptibility to attack by subteranean termites
according to sampling sites in each species at each level of fungi tested as

compared by a Duncan’s multiple range test of mean values (a = 0.05).

Species Sampling site

Bongwha Hwaseong Pyeongchang Jecheon Namwon
Red pine

Pyeongchang Hamyang  Jecheon Gumsan Bongwha Gapyeong

Japanese larch

,54,



Table 7. Weight loss of each board of test species in sampling sites

according to AWPA E1-97.

Species Sampling site  Board No. Weight loss (%)
Red pine Bongwha 1 16.86"
17.49
13.28
10.99
13.35
7.19
23.08
20.24
20.38
15.11
26.74
22.33
21.13
23.28
21.59
28.63
26.43
18.73
21.84
23.86

Hwaseong

oM o Ty o o

o
on

Jecheon

Namwon

Ol & W N O & W N HO &~ W HIO &~ W

M M Y W
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Table 7. Continued.

Species Sampling site

Board No.

Weight loss (%)

Red pine Pyeongchang

1

27.02
16.47
19.72
21.13
18.47

Gapyeong

18.35
30.07
26.32
26.95
21.11

Japanese larch Bongwha

17.87
19.06
23.28
18.37
25.69

Gapyeong

21.84
24.82
28.95
29.87
23.39

Hamyang

17.18
18.36
20.94
23.94
20.13

Jecheon

Ol W W DN IO B W DN IO WD RO WD RO W N +O s W N

33.49
25.92
23.50
25.93
19.27

Lo I o I I« e I e R R )

oz T

,56,



Table 7. Continued.

Species Sampling site  Board No. Weight loss (%)

Japanese larch Gumsan 1 25.82
23.99
24.08
21.53
25.52
12.59
20.56
21.25
25.17
19.92

Pyeongchang

O A W DN =[O A w N
o

“Values are mean of 6 replicates. Same letter followed by the numbers in each column are

not significantly different (2=0.05) according to the Duncan’s mutiple range test.

,5’77



o] &

=
=

IR SRR

}

kel
il

&

t}o

A2 A

A ol & 43

-
!

Al

A

B!

Nd
mr

AL A A aAlE E st

7b RA g5 d%

K
_ZT.c
uj

o

oo

<
w

g
fite)

o
il

il

"

el

i

=K

X
oF

o)

53!

ol

!

)

o

oA 25 x 25 x 10 (em) AHE 4~57) AZF&tar, 1 5

o)
B

ol

Nr

K

o] A 8o ol

S

I oolgstaint gr
S Table 13+ 2T},

3

SR e A%

ol

A
_z_._.
o
1

Table 1.

24
48
83
21
13
17
15
221

A
29

11
45

10
11
21
8
10

=

<
o

LA 3| 7bS
HM 7 7h5

PN
T

O

B
;00
o

‘._mwo

64 46 18 24
— 58 —

69




3. 5% 48

Table 14. 1 AFE FAE +F A 237

H 1

Rk

=
=

Ho

Rk

=
=

R

=

Mo
A
il

PR

=
=

Sl A, AT

=
=

Sl A, AT

=
=

A

Mo
¢

o
T

~|~

He [ He
[
A

ok (n-

14
UE | ME
o 4o
G

P
jgtst
)

H

ﬁo

P
jgtst
)

H

o

4

e
4o
ﬁo

Mo
)

H

o

4

e
4
‘_ﬁo

—

Ho
)

H

B

4
W
4o
ﬁo

P
jgtst
)

H

o

4

e
4o
ﬁo

P
jgtst
)

H

o

4
e

ﬁo

P
jgtst
)

H

o

4

e
4o
ﬁo

P
e
)

H

o

4
e

ﬁo

a

10
11

12
13
15
16
18
19
20
21

10
11

12
13
15
16
17
18
19
20
21

22
25
26
27

28

A

-

o
A
™

=

(U4=)

,59,



™ o
_ -~ i
= %o W
e - ro
=T = =T T | = =T SIS = | T
sl s o % 2| | 2 s sl sl sl o |
o |0 o) o) o o - o o |0 o|lo |0 |0 o) MRl
A [ A 3 i W [ N 3 N | A o [ [ i i = |
Caka | |em 2|3 | % G o [om ||z |5 3 e
kS 7
@@@@@@@@@@@i)iﬂa@@@@@@@@@@@@@@@@@@@@@%M@@@@@@@@M@@
%%%%%%%%%%%%%%%%%%%ﬂn%%%%iuzuzu%%%%%%zuﬂwﬂn%%%%%%%W%%
R R B R A e B B B B B B B B B e B B B B B e e B P B e B e P e B B B B B R R P B B
Mo R =R R R R R R R R R R = Rl = R =R =R R R = R R N Bl = = =R R R R Rl R =l Rl =l R =R we | e = R R R He B | #
at sV sl BV e o sV I o sV Vs U B sV I B B o o B S s | o | o | o | ok | o | o | ok | ok 1 o[ o
ATu.u|u..u.u|u..u|u|u.u|1L..u.4444%44444444%%444444%££Uru|u|u|u|u.u.u..£u|u|
O | O [ 0 | o | 9 | 0 | | 0 | o | |02 | 0 |0 | 0E | 0 |0 | E | 0 | 0F |0 | o |V | 0F [ E | o | o 9 | oF | F |9 | oF [ | o | o || 21 |0 | F e | o | o (o | 0F |25 |0 | oF
o o | o [ 4o | o | <o [ 4o | o | <o [ 4o | 4o | <o |40 | o | <o | 4o | 4o <o | 4o |0 | oo | o[ do| 4o | oo | o | 4o 40| 4o|do| o] 4o M M o | 4o o | o o | 4o 4o 4o M 4o 4o
ﬁoﬁoﬁoﬁoﬂoﬁoﬁoﬁoﬁoﬁoﬁoﬁoﬁoﬁoﬁoﬁoﬁoﬁoﬁoﬁoﬁoﬁoﬂoﬁoﬁoﬁoﬁoﬁoﬁoﬁoﬁoﬁoﬁoﬁoﬂﬂﬁoﬂoﬁoﬁoﬁoﬁoﬁoﬁoﬂﬂoﬂo
TR | 1
dol 4o 4o
SIS )
o
ﬂ%%ﬂ%%%%%”%MMQ@MI23l2345678912345123456789NHHBME
™ Gy
© E = e & &
i T ) ~ T
\mo
il o 0 o o
o B oo N B oo A
il F oo+ % 3

=

,60,



_ﬂ_
Ho
—_— ~ A
e b
= |= =|=| |® = =T =% |T|7|T
Nro Nro =0 | <o e ...No Nro Mo e Nro Mo Mo ...No
o o o |0 o o o |0 o | o |0 |o
N N =[N [ N | =< i < [N < | NN [N
o2 Ca TH | o2 | o2 oF | T oF | |oF|oR T | [o"|oE|  |oF|oE|oR
ol et et el Nl Ncag =g ol Net Net: ool Neall Rl Nl bobdRoaq N1 doal et Noist bebad Rl N1 beol fcad iy NebaYhend o't B Rl foi=q ot M| || Re | R e | e | e R | e | e e
| I I 1 A X I A A A R W g R W 6 S B 8) KR i BN B A ] R0 NI T O R Y
&o R N R R R R =R R R R R R R S R bR SR N = R b R = N R e T S b R =N R o R R R R
nTnTnTnTuTuTuTuTuTuTuTuTE.E.nfuTuTn_.uTnTnfnfuTuTnTn_.nTE.E.WE.uTuTWWUTWE.uTuTuTn_.nTnTnfnfuT
ATU..U..U..U..U..U..u.u.u.u.u.u.uuuuuuululu..u..uuuuuuu.u.u.u.uuuuuu:u.u.u.h:uuhuuu.u.u.u.uuuuuuuuu.
MR RS R R R R R Rt S S R R R R R R ol sl ! ) B R R R o IR R R R
L e R o B B B B B e B B B B B e B D F e e B B e B D e I BT B B Y IS TS R | || e e | (| | e | e
o | Ko [ 4o | Lo [ 4o | Lo [ o | Lo [ o | Lo [ o | o [ o | o ol Lo|o ool Lo|o|ofLo|Lo|4o[«olHo|Lo|do| [Lo|o|o ol [Ho| 4o [ Lo | oo (o] 4o [Lo| o |Lo
O | RO | WO | O | O [T | TR |TO| RO | RO | RO | RO | RO | RO O RO O[O RO RO RO O O RO O RO O RO O[T | Re T© O | O | RO | O | RO | O O | T | RO
ol
CISIRIZ2IKISIYRIRSKS[KRKG [~ ||| |o|o|S| T~ || |w|—|a|o|—|c|o| oo~ |o|a |2~ o | |n|o|~ |
B
G
< x e o | e E
- il ~ ~ ~
<
Bo
al 0 o - T
e = oar = P
_z_._. H ~ ﬂo _ﬂ_ N __..Mo
oo H N Z wm I

=

,61,



H 2

< <
H b
|7 |=|® =|= = |7 = |= =
e} 0|0 0|0 o e} e} e el
i iallis iallis o i L E s i
on oF |on oF |58 on of| |om on
G L e e Lk e R | e e A e e A
BN A A A ) N BN ) BN BN
Mo ] ik ik Bk A EAEEA A
o+ o+ =k o+ =k o+ | mk o o o+ o o+ o+
A oy ayllny ayllny ayiny ay laylimy janl fgt gyl fogl gl e
4141414 414 414 IRIR NI R IR
E E (ME E (ME e | v mE | e | wE = | |k [ n | 0
o o | 4o o | 4o o [ 4o o [Lo [ Lo o [ 4o oo 4o 4o | 4o
T© T | T | | T © e T© © T© T©
e S|= [ | o[~ — ™ < [ < — ™
£y e Gy Gy
o ~a
—~ Ogﬂ. — ~~ —~ Z ~~
al o
o N | s | ST P B
I w | o T ® B T ¥
No

o]

,62,




o
= w P b
m Nro ,..Aro Nro =0 Nro ,..Aro Nro ,..Aro =0 ,..Aro Nro ,..Aro Nro
S o|o| |o| |° o || | o | o | o o
A L L L A | M| N A | N N M
cal oE|em| |om| |oE| R oE|em| W T | BF T | BF T ca
i
ﬁo
N~~~ |~~~ <[~~~ ~ |~~~ ~[~] ~| ~| ~ |~ ~|®] ~
S R R Bl ol Bl el il Gl Al Bl il el I B v R —~ g0 | A | | o | e
el N Nohq g hoiad Beiad ciad fciad il il ol Notal ol hoiad e oiad foiad i) il Rl il Il lch i Il W | W | Fe | = | He
S I O 8 R O R O R O O R I S M B i T R
Mo N N R R ol bl Bl =l R e = R = =R R R R = = = - m == =T R
) S sl ol st ol ol ol ol il il ol sl ol ot sVl U o U o U U S B S % o | ok | o e o %
e e eE e e e e e e e e e e e e e n e e e e 444%4%
S SIS K IR K IR K Gl e IR K KT ] KGR R K B K KA E A K
LR b b i v i i g e i e e i R o i R B o o T I B I < B I s
4o | o [ o | 4o | 4o | 4o Lo Ho| o [«o oo o Lo Lo |Lo| o |o|LolLo| Lo | Lo | 4o | M | o | o | Lo [T | o
ﬁo ﬁo ﬁo ﬁo ﬁo ﬁo ﬁo ﬁo ﬁo ﬁo ﬁo ﬁo ﬁo ﬁo ﬁo ﬁo ﬁo ﬁo ﬁo ﬁo ﬁo ﬁo ﬁo ﬁo ﬁo ﬁo & ﬁo
S
4o
ﬁo
ol
— =N ||~ NN F|O| [0 ~H [ H| N~ [N~ || < 56789m
G
- Bo| N
~loMr]  ®| |= —
@%% oMol | N ]eF
oH NI~ ok o
T T | to el I TR T R RN g i
TH._ N | = ~ BN o | 50%@_.1@%wmo
n T T e uw o[22 ofo| R |z
o |\ = o)
Ay W= [
o - T R o1 o
ol Z |2y
0 N ar
T # S e
bl B o S gk
G 5 T =N o
™ o 3

A
o

-

A
™

A

Table 3.

¢+
58|« |<|-| -
+
@
ﬁo
—~ | %
wls | |~
AR | " B
J | o Mﬂu
| ok || ek
o | g [Be| [T T
AR T 0 mw Mo
0 i
S ey
uE | omk e
o | N
© |4
o
4o
ﬁo

,68,



o 718 BEX(FSE, T 34

Zzkol Aol g s 9 HSSs FAst] YIS dA FAlel gk
g 2 T BEE Figl, 200 JeEhAAT HF e 04~05 (g/em’)e] ¥
ol A UehgEd], ol =AF AUl AiuEd Ao AxFr) 06 g/em’olFe] H]
TS 7H FAZE A YEhgEd ol 949 “EURIE Ay 23E o 7] o

R

0.25 -

0.20 -

0.15 -

0.10 - I

0.05 -

000 L [ ‘ ‘ ‘ . mm . [

0.35~0.40 0.40~0.45 0.45~0.50 0.50~0.55 0.55~0.60 0.60~0.65 0.65~0.70
8l &

Fig.1. €85-A9 vF £X

dorE&> e 13~16% A=) WA debst=tl, o= FA7E @8 ARgakA ol

Mo gds] Az H7] WioR AZ4EG =3 BAe] wAl sl 7|zt

ofFol WA wel E FAANAN 2o Fggols AA = WA FEE
s

=
5 0.20
015
010
0 00 /=

10~11 11~12 12~13 14~15 15~16 16~17

Fig.2. €357 749 & £X

,64,



o A FA (%, B, A7,

Table 4914 H.o

=0

—_—

3 7t

9

, 71ER FA) 21470 9

Aol A @A 7}

£

=]

(Fig.3),

P72 B3
A 1g

EEEREREE

At

N

1

=

s

3 (Fig.6)7F A5 &

A el A

9

T

kel
pal

d3k7t
A 5 ol A

=

13|

°
o}

3 (Fig.5), #7im 7¢

3|

B
R
o] =Ab o

s

e BAllA 7]

=i

AR Z(Figd), AA7 a5 F 7t
15

al

o)
B

o)
0

AAm Zre 7 A

=
]

"

o

Z 5 o= v

1A A7

9|

O~
=5 5

Table4 ol 4

o

&
ﬂ

ol

5(0.4)

3(0,2)
9(1,4)
1
3(1,0)

bkl

9(1,7)
0
4
4(0,3)
1

A7t
2
29

3

2

-

11(1,0)

41(8, 19)
0

100, 1)

2041, 11)
6(0, 6)

Al

Al

X

5

jan:!

il

Table 4. ZAHHY 1ASEE A FA F79 <A

Ko
=

EE

%

g}
otd s

N
o

A5k A48 Qe PAle] Fapela, WA

a4

A A= AE

Ll

u g7hte] Zhazh glel

0SS

,65,

o:



Fig.3. Typical decay damages observed

in dismantled wood members of old wooden building.

Fig.4. Typical soft rot damages observed

in dismantled wood members of old wooden building.
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Fig.5. Typical insect damages observed

in dismantled wood members of old wooden building.

Fig.6. Typical termites damages observed

in dismantled wood members of old wooden building.
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Figl3. The device of drilling resistance(IML-RESI).
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Fig.17. Resistograph and an enlarged photo with wide annual rings

in sound part.
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Fig.18. Resistograph of deteriorated part caused by decay fungi.
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Fig.20. Resistograph and an enlarged photo caused by invasion of insects.
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Fig.21. Resistograph and an enlarged photo with a check.
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Table 8. The control of X-ray radiation for analysis internal deterioration.

X-ray Generator Distance of btw
Transmission o
condition Development Development spec.
Spec. distance
Exposure time (min)  temp. (C) & X-ray source
(mm) KV mA
time(sec) (mm)
Knot 152 636 5 120 3 30 318
Crack 150 636 5 100 3 30 320
Decay 120 636 5 120 3 30 350
Insect 120 636 5 100 3 30 350
Insect 198 636 5 100 3 30 272
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(a) surface (b) X-ray image (c) cross section

Fig.25. X-ray image of knot
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(a) front surface (b) X-ray image (c) back surface

Fig.26. X-ray image of crack
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(a) surface (b) X-ray image (c) cross section

Fig.27. X-ray image of decay
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Fig.29. X-ray image of insect (cross section).
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(a) X-ray image (b) surface

Fig.30. X-ray image of insect (vertical section).
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fiature wood | Imrature wood

Fig.3. Non-homogeneous parts of wood

o AuAolAe 2gH A

= W el 2e B 5 g

Table 1. Ultrasonic velocitie of mature and immature wood(m/s)

Microfibril Thickness of

Average Min. Max.
angle(®) cell wall(zm)
Mature

2120 1980 2320 11.2 2.58

wood
Immature

1940 1740 2200 23.5 2.53

wood

Mg%Ae) 2e9 AW &5 Foli vholam wBY e ue Ao wudd.



He gAskeE vA AR S B A sjd e
© A Aol A5 violar B Fzto]l mAdsAe 50% Aol &3}

= Ll
d Acw Uyt % volam Wzd Azl AolAw duder 2e% A9
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1400 |
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Figd AsA, vldsA4d 2&3% dg &=

(2) o144, A
AFASE oA, HeAe] ME 2e A SEE AN HEr} A =
o

g AAA, e woz warA Y= AS & 5 tH(Table 2).

Table 2. Ultrasonic velocities of nornal, reaction and opposite wood(m/s)

Microfibril Thickness of

Average Min. Max.
angle(®) cell wall(zm)
Normal wood 2120 1980 2320 11.2 2.58
Reaction wood 2060 1980 2110 29.6 3.30
Opposite wood 2180 1880 2450 13.2 2.80
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Fig.6. Thickness of the cell wall on normal and reaction wood
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2. XA AQ Za A4
7 X9 BA Aeoe dFAR

DAY Az 2 P

7hH A=

1871, 20°, 30°, 40° Z+ 107 | t}.

5, ol wAFAS gdrete] B A A
HolE 77| St &5 xdhste] Al #eksd
st AR =

Table 3. Basic properties of specimen using in this study.
Size Moisture Quantity Average specific
Species
(mm) Condition (piece) gravity (g/cm®)
Pinus densiflora 20%20%50 air dried 178 0.537
Table 4. The numbers and specific gravities of specimens.
Flatsawn Pith Slope type (°)
Total
type type 10 20 30 40
Quantity
111 19 18 10 10 10 178
(piece)
Average
Specific Gravity 0.541 0.484 0.528 0.573 0.564 0.554 0.537
(g/cm”)
Standard Deviation 0.050 0.036 0.039 0.044 0.043 0.048 0.051
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where

intensity of the transmitted X-ray

I:

intensity of the incident X-ray

Io

mass attenuation coefficient

IJ:

i = density

t

thickness of sample
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(2) 73 2ol
Al nlFo A e Aot dE XA R Aolo wE AT Wk 4
o7 Uyt A| FAES 10942 =24 3 23 FigllollA e o] AHe F
A7 F7 8 wpel BAAFE BagrbEE Z el vEbgth R 09259 Wl
w22 AABAR AH FA Wgle] wE 2 AGe ®gA s AEATh(A4).

y = —0.0075In(x) + 0.0622 (24)
where

x = thickness of specimen

y = mass attenuation coefficient
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A 4d GAE JAFLSAY v BHI}

1. gAE 43 A A=z

D A8

A= 1970 Aol A A 571 Agu= Ao o4 e ddsEs vgdd o
£ EAEo ANRZRE F BYE core B 23 FH(chippS BAFAF == 2¥ 2
< o]&3te] AFAFAH(Table 1). AlHE AFA g HAF] it WA HA
B2 Adrden Ay dal, 4 s T sty Ho AGeAeE dF EYrE
FE A AES o] &ttt AMH F o BEE AES Ad Ty o] Fi
EAE HAass F 9 AHE ZHedd 5 AESETE wE 7o WS A
HA Agag s A AlEe] mis vl ofetA st ¥ i
gE ¢33 AMeufx]2l benomyl 4ppmeo] F7FH 2% malt extract agar ¥j Ao HZE3F
T AZAA A Fs BHESIe] e gd doR FEsdn. Yy 7 A
3 &3} % (Nobles, 1965; Stalpers, 1978), DNA sequence data

=
iy
Jm
o,
=2
lo

of

WEke BAYESH PHon A% TS AASYY B4E RE REFL

s
=
-z
o
4l
o
h
S
i
ot
32
ui

A
Bavendamn % RBBR Al @& o] &3l AR5t = 9
7h) a2 2
2 RIEFS Bty YaAdE 1000mee 22 E=Fgo 20g9] Difco malt
extract, 15g¢] Difco agar® #7}ste] #HE= 2% MEA #Hi A (Wilcox and Dietz 1997)<}
296 MEAW A9l  4ppm<e] benomylS #7F3 BMEA ®]X]& A}-&-3F 4 Y (Clubbe and
Levy 1977).

1}) DNA 2, PCR, DNA sequencing
¥ #ES 2% MEA wjA AolA 25C 2xzAo® g wal 5~7d%F vj
¥F F Lim 5(2005)0] AR&F WS o] &sto] dAMAZFE DNA FE33Ath
Universial combination primer¢! ITS5/ITS4E AF&3Fe] 285 rDNA regions ZZ 3k
% ethidium bromide(5x4/100ml)7} H7FE 1% agarose gel2 ©]83}o] 3als)oit).
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of\

Z 5 PCR 4FE2 PCR purification kit(Qiagen, Mississauga, ON, Canada)E &3

primergs A A% & Q7ML S W)

O

o}h) Phylogenetic A
7t @714 492 GenBank®| Blast Searchg &3l 71 A= 7 =& #59 9714
S 5 % ClustalW algorithm (Higgins et al.,, 1991)¢} PHYDIT program version
3.2 (http://plasza.snu.ac.kr/ jchun/phydit/) & °©]-&3t] AFEF4 45 st

2}) Bavendamn % RBBR A &
A9 FES gallic acid, tannin acid, rhemazol brilliant blue R(RBBR)e] Zz}Z}
0.5%, 0.5%, 0.05% 3% 2% MEA #jx]el HEs F F=olr 4471 w3t
#o el BelEal @ WA wfe N waRRE paRTE 3 o)

B s
=TT T P |
MBS S 3G HWang and Zabel, 1990; Glenn and Gold, 1983). W] A X542
g ads Easle= B Ao A phenol oxidase laccaseE EH|3l=t o] &47F viA] W

$& doz Mol W= Acld, FiglolAlel #o] gallic acid$}
tannin acid® 4= W&& Fall Ao WMEdR Wststy] vl wiAvE 24
How wWal= Zolal, RBBRO A-¢v 3adE wes dAEHS gasty] it
vz o A zZko] FEHefA]= Aol

Bavendamn test with gallic acid media:

white-rot fungus (left) and brown-rot fungus (right)
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Bavendamn test with tannin acid media:

white-rot fungus (left) and brown-rot fungus (right)

RBBR test: white-rot fungus (left) and brown-rot fungus (right)

Fig.1. Bavendamn and RBBR tests for distinguishing

white rot and brown rot fungus.

2) A4

gejed v 2 DNA sequence W

W F 163700 #& welste] 30% 49%° #& F58ATHTable 1). #ol thA
S Mol 17802 M =ten O vggoR o, w3, dejelA A 128, 7F
6Fo w2 Yetuth o5, &3, 24k AeAA 4 5%, T, HE, B, TN %
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2y #E59 A AyE Figldd HoFE AEF(phylogenetic tree)o| ¢Js] H.th
gAY, e By AFERdA AxE 71 e d5Z2 I (Hibbett and

Thorn 2001; Lim 2001; Larsson et al. 2004)¢} &&= A e ow, Felte] 2/37}
T ol | Al F(polyporoid clade)oll &8ty ZAMET L 114 18F°] 7 - 54
=g EYHIEE Table 1914 & 4 At} Gloeophyllum  4:(9.2%) 2]
Gloeophyllum trabeumo] 74%= 714 & EgHI=Z Yl tggoz:=
Sistotrema<;(7.9%)¢] Sistotrema brinkmanii(6.1%)7} *-& WE=E=Z 2 ¥t 19
of HuE Eg¥lxE X9 Antrodia  serialis, Coprinellus domesticus,
Cystidiophorus castaneus, Fomitopsis pinicola, Sistotrema oblongisporum, Tapinella
panuoides, Tulasnella pruinosa 52| st o] FFH AT 2 AFZEA] 5ol
< FFAAGFAKS) 2 AZAAATFAJIS) FATA B A A ARSIt
%l Fomitopsis palustrisZ7t A& &2 = A] Gdrh= Aol oA 7] = Exd o}

=
Fo O BAFonvE Pel® Pt F oURA 2 A8 A T 2

[e] =

HA &2 AL FAT AAAd FATE S AAekE Aeolet & ¢ itk WARS
T2 % 195 3152 =2 HupAlolgl &8+ Schizophyllum commune 19.0%, $k=4t
AFAKS) 2 LdEAFFAJIS) HALGFEA A=A A9 FA] AR
Trametes versicolor(T-FHA) 7} 147% = E=2 HEE Yyl ods&

Bjerkandera adusta(&#® A1), Ceriporia lacerata, Phanerochaete sordida(-+4) L2FH
A1), Peniophora sp.7} Z+zZb 86, 4.3, 3.7, 31%9 <o® ekt oy
Crustoderma 45, Hypochnicium %;, Irpex 4, Phlebia <5, Schizopora %, Sistotrema
<, Tapinella & G ovtdg o] 2= AT

EoAgolA ey - 54" FedEY] rEe Sl AMdolA AFE AP A=
B SAE TEovt(Jung 1994, 1995; Lee and Lee 2000; Lim 2001). L4

Ceriporia lacerata, Crustoderma spp., Gloeophyllum trabeum, Hyphoderma

praectermissum< & AFoA HFozR ®E - 4H=d, Ceriporia lacerata<}

Crustoderma spp.©= = eA F5& HZAZFEH &7 - $4EJAL(Ginns  and
Lefebvre 1993; Suhara et al. 2003) Gloeophyllum trabeum®} Hyphoderma
practermissum< AF-8%59 o3t EAFo2RE E - F=A4EE dtH(Duncan and

Lombard 1965; Viitanen and Ritschkoff 1991; Wilcox and Dietz 1997; Lim et al.

2005). olE2 F5E A 2 Axd HAES Azsr] widl Aol AAAE
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@A v dibF o m AAATE GAH Y] Aol A2 HAES #H7]skr] o
ol o]59] AAdAE EAFAANE #HFT Frb g7 "ol AHAE o] &3t
TR AFoA o5 EAVE AFHA FRkS Aolg AtRHEY. 2R E & AT
A= AAAE A FFad AA AT BAES Ttelste R d s 7
st F83 AE7F 2 Bloly

tpekel EAForRE e tyAi H3F i (polypore Basidiomycete)o] B % At}

(Lemke 1964; Scheffer et al. 1984; Ginns 1986). & <AFoAE tiid o=
Bjerkandera adusta, Ceriporia lacerata, Gloeophyllum trabeum, Trametes versicolor
7b 247 ohE oA A 2 REE B EHAT o5 95, dAE et
ofvet HAFS BT ZHest RE:sHo] wlg Sttt &elA dth(Duncan
and Lombard 1965; Eslyn and Highley 1976, Zabel and Morrell 1992; Wilcox and
Dietz 1997; Suhara et al. 2003). 12|31 ¥ dAoA = vhay F5d3 HEo] B
TLOFH A F Y HZ i (corticioid fungi)® E#HJTH o]lE Y BE FU B AME
¥ pANE REE B 5 e ARSI Foln Homobasidiomycetes?] =& 7|
F4 gl TEHo] Ath(Hibbett and Thorn 2001; Lim 2001; Larsson et al.
2004). Coniophora puteana, Phnerochaete chrysosporium, Serpula lacrymans,
Stereum sanguinolentum %°] # €&z WA FAH (Duncan and Lombard
1965; Burdall 1985; Palfreyman et al. 1995; Schmidt et al. 2002; Hogherg and Land
2004) ol52 AF wi-of 2 UHE AdashA a AA, e AA% RS opY
st FASI7E Wi old e et st A97F By a23u HT Lim
(2005)] Arol 2w oM AF] DNA A7 AR Wol WaA HAEFS 7F
At Trrd mobM AR AEY FE0l HuHi ok 1eEE 2 oy g
SR AL 57 A g2 ks HES SeFsa 9

ol ez}
= | st
B Aol Bt el AbEE HAFe] giFEe] Agsdds Etskal 24

s

i

REERG MARFE Nk o ue] AAHEY ol 7] $3E AT Az el A
9% BAFANA ZARFRRG WARFT FLWEsl o B veht

(Zabel and Moore 1958; Duncan and Lombard 1965; Butcher 1968) A s+ A<+
5 A 5ol A Bl A KL 9 gt o] ZARSFHY AHor AAE  FAIG=
~ )

Butcher(1968)¢] +7& sl gt
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Table 1. Basidiomycetes isolated from wood products

in services.

%

KUC 1D. Fungal species ti?;q Location™ ili)ciét(;fs Freguency

of isolates
KUC8005 Amphinema byssoides A SU 1 0.6
KUC8002 Antrodia serialis B SU 1 0.6
KUC8011 Antrodia sp. B SU 1 0.6
KUC8202 Antrodia sp2. B NH(2) 2 1.2

YP, SUM4), GC(3),
KUC8072 Bjerkandera adusta W SC(2), MP, NH, 14 8.6
DN, DH

KUCR111 Ceriporia lacerata A 2%(21?5’ GS®), 7 4.3
KUC8209 Coprinellus domesticus B NH 1 0.6
KUC8065 Crustoderma corneum W SU 1 0.6
KUC8001 Crustoderma flavesescens W SU 1 0.6
KUCR012 Crustoderma sp. A SU 1 0.6
KUC8020 Cryptoporus volvatus W Y]J 1 0.6
KUC8048 Cystidiophorus castaneus B YP, GN 2 1.2
KUC8010 Fomitopsis pinicola B SU 1 0.6
KUC8053  Gloeophyllum sepiarium B GN 1 0.6
KUC8056  Gloeophyllum sp. B GN(2) 2 1.2
KUC8013  Gloeophyllum trabeum B SU(11), SC 12 7.4
KUC8136 Homobasidiomycetes B GS 1 0.6
KUC8031 Hyphoderma raetermissum W YP 1 0.6
KUC8046 Hypochnicium eichleri W YP 1 0.6
KUC8019 Hypochnicium sp. \Y SN 1 0.6
KUC8049 Hypochnicium sp. W GN 1 0.6
KUC8064 Hypochnicium sp. W SU 1 0.6
KUCB075 Irpex lacteus A SU 1 0.6

“1B: brown-rot type, and W: white-rot type.
“2AM: Anmyeondo, BH: Bonghwa, BS: Busan, CJ: Cheongju, DH: Donghae,
DN: Donnae, GC: Gwacheon, GN: Gangneung, GR: Gurye, GS: Gunsan,

JJ: Jinju, MP: Mokpo, NH: Namhae, PC: Pyeongchang, SC: Suncheon, SN:

Seongnam, SU: Seoul, YJ: Yeoju, and YP: Yangpyeong.
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Table 1. Continued.

%

KUC 1ID. Fungal species t;%tﬂ Location™ ils\z)?.at(;fs Freguency
of isolates
KUC8034 Phlebia radiata W YP©) 2 1.2
KUC8041 Phlebia subserialis W YP(2), GC 3 1.8
KUC8093 Phlebiella griseofulva W GC(3), DN 4 25
KUC8220 Polyporus arcularius W Y]J 1 0.6
KUC8047 Pycnoporellus sp. W YP 1 0.6
Su®), CJ, YJ, SC,
KUCS016  Schizophvllum commune W N 45515}1;?;%2)’ 31 19.0
DN(4)
KUC8006 Schizopora flavipora A% SU(3), DH 4 2.5
KUCR140 Schizopora paradoxa \Y MP 1 0.6
KUCS8014  Sistotrema brinkmannii B oo ONO.SC 10 6.1
KUC8217  Sistotrema oblongisporum B Y] 1 0.6
KUCR208 Sistotrema sp. B GR 1 0.6
KUCR218 Sistotrema sp. B PC 1 0.6
KUC8044 Stereum hirsutum W YP, DN 2 1.2
KUCR018 Tapinella panuoides B SN 1 0.6
YP(2), JJ(2), AM,
KUC8035 Trametes versicolor W BS(8), MP(6), 24 14.7
DH(4)
KUC8210 Trametes versicolor-like B NH 1 0.6
KUC8135 Trametes versicolor-like W GS 1 0.6
KUCR214 Trichaptum abietinum W Y]J 1 0.6
KUCR100 Tulasnella pruinosa B GC 1 0.6
KUC8098 Unidentified basidiomycete B GC 1 0.6
KUCR036 Unidentified basidiomycete A YP 1 0.6
Total 163 100
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Fig.2. Phylogenetic tree based on partial 285 rDNA sequences of decay
fungi isolated from the various wood products service and reference strains

from GenBank.
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Amphinema byssoides

Bjerkandera adusta Ceriporia lacerata

Ceriporiopsis subvermispora Crustoderma corneum

Fig.3. Colony on MEA media major fungi identified in this study.
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Cystidiophorus castaneus Fomitopsis pinicola

Funalia trogii Gloeophyllum sepiarium

Fig.3. Continued.
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Gloeophyllum trabeum Hyphoderma praetermissum

Hyphodontia radula Hypochnicium eichleri

Peniophora cinerea Phanerochaete sordida

Fig.3. Continued.
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Phlebia radiata Phlebia subserialis

Sistotrema brinkmannii Stereum hirsutum

Fig.3. Continued.
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Trametes versicolor Tapinella panuoides

Fig.3. Continued.
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Al 400 grams U ¥o] AAlHol AA e $dstA wiHHEE gtk AlA
©J & 248 2 FAT A AEE 21287 98] 15% malt extract F&
A 2 liters BAo F& v 121TC 2% ugditrlola 60%7F dirstdvt
(Fig.4).

Cork borerE AF&3}e] 29 malt extract agar(MEA) H 3w xoll A SAlstA =t
A e FATY Fo A HEYGnoculum)S AFH S 25% malt extract A
Aol HFsto] dFAZF 27Coll A W& wjFetaich. widd dAF S214 20mE BA
o] AA el g A A9 YdE HEsrh 9o TAE 271C T
Z1ol RstHA FRHAALE BAE FEE] 98 AN HAow o wiYks F

A8 S

mN
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T
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ox o

1.5% malt extract solution

Vermiculite Specimen

Fig.4. Method used to expose small specimens to decay fungi.
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Feeder strip

Specimen

Vermiculite

Fig.5. Method used to expose specimens to decay fungi.

2. GAE 43A9 v H7}

7h. 43 @Ad mE M3 AL
1) /\1‘64 H]—H]j,
dato] o3 EAjel sj-gtA SAWME ZALE Fstdv] g, FAAAAN G 2 &
HFHzEn 7 AL A AIRE &
AN BEE ARt FRE AFOREH 1 x 1 x 1 om’] FAE Axea
autoclaveol A €133 & sliding microtome2 & 15~25 pum FAZE a4, 9ALG
, AAGHe] WA S AAEt T safranind 02 A M3 tFE ethanol 2 xylene Al
2 g, F93) Agstal g slides Al Aekdo
1 x1x1cm’#@7]e] #e zztow Adait dAn 44 B2
52 Ax 9@ BFA =A ¢lo] formalin-glacial acetic acid-50%
aqueous ethanol®] H]&©o] 10 : 5 : 892 &g (FAA) FA] &7 HA3 2d Fot
AN 45T FFTFE 1A A 3AIZESE 2/ AlFH sk W 5 50% ethanol 15
&, 70% ethanol 10%, 95% ethanol 5% 18|31 F4 ethanol 5% E<FAIAC 181
UA xylene®} ethanol 50:50 £t o 7 1587 Adlal &4 xylenel® 1587 &
W3l A st & 60CelA paraffin waxell 12A4]7Fs<¢t 71521 th microtomes ©] &
ato] e (45m)H FEAER5m) S HAtetal 1 WMHES 25 s xylene o
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N
S
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N}

A

offt

2 58 Agd A £ xylenel & 58 100%, 70%, 50% ethanol® Z}
oF A& slal safranin® 2 6%3F A3 5 70%, 95% ethanol® 7z 283+ A s}
picro aniline blue 2-15% &<t 2% |23 5 100% ethanol®= F
3t xylene2Z 10%3F F WA A2 sAtH(Berlyn & Miksche, 1976). 18] 1 LA
50%, 70%, 90% &)l ¥ ethanolec o2 ZF 10%5¢ E5A171 5§ 93 A g3y
Frsdol=A A S HESH

FAAAEAT A #FE AZE FAAER 1A% A EE  polyethylene glycol
(PEG-1500)3 55C <= 50:50 &§tefol s=RHG56T) B7F & v 50 : 50 &3t
NE &7 W2 §8% =5 PEG-1500 o2 WA 3 o 24 7HE e 55Tl A%
sk g a5 A =5 PEG-150022 w A st 447kl A 64175 55T

=3
-
N
[\]
AL
AU S

o ) AAFetH Tt ol PEGZF &= dElol A wojA]7] witeo] A= AHE 7] 9
3 55CAA At wE AHEd ARE25YH WEZS AEste] o, wWAlg
Wy HAGHS £0]3 A H(Exley et al, 1974). Weztz2 ddd ddS AY+=

4 =2

A mokel ANEE ZHdAM Hojl v wE wids AAG Hs mEd TR
2 ooy W AH T ATAZR AAT dzdE el FAARENA Aag 9o
1A 3ka sputter coaterdl A gold® wEF 300A7F HEE :EI S 25kvel A
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Fig 6. Macroscopic feature showing development of ring and radial checks.
K: Korean red pine; R: radiata pine; TYP: Fomitopsis palustris; GT: Gloeophyllum

trabeum,; 2%: Target weight loss level.
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Fig.7. Radial surfaces showing openings for passage of hyphae in tracheid
walls. A (R-GT 10% weight loss): Penetration of a hypha through a bordered pit.
B (K-GT 10% weight loss): Penetration of a hypha through a bore hole. C (R-GT
25% weight loss): Formation of spiral checks and a bore hole located in a check
in tracheid walls. D (K-GT 5% weight loss) and F (K-TYP 10% weight loss):
Formation of slit-like bore holes lying at small angle to cell axis. E (K-TYP 25%
weight loss): Formation of a circular bore hole. A-F: SEM, Scale bars: A & E=5
mm, B-D & F=10m.
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T3t Fine hyphae= AE2 025 W o] HAFE 4 1o bore holed] A4

I "ol ZE Aow UdHA YA WHLiese and Schmid, 1966; Jutte and Sachs,
1976), Highley 5(1983b)< 1159 A F-53& o83 A&l A microhyphaecl ]
H&shA] Hghel wet microhyphaets ZMF-Fwo AEro 2~ o

3lo} AHo] gt AEA At 28y Choust Levi(1971)+= bore hole hyphaeZ} Al
Aol Bhe Sdolgt FHAT AAH FFx7|dA i 1Al
Hol = s #FAF F AV oM (Fig9A &

B) "AEA A AEE FE AFEHE AS #EFAG(FigIC & D). wEkA o= A
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A7 wWZEol (Fig.l0B & D) wAFe] #xe d3AEs offd ol flue
Waterman and Hansbrough(1957)¢] 38 &<0& 4 At} AT BF $7]d =
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Fig.8. Radial surfaces showing penetration of hyphae. A (K-GT 20% weight
loss): Penetration of hyphae through bordered pits of ray tracheids (circle). B:
Enlargement of circle area in A showing formation of bore holes in pit border of
ray tracheid and wall of tracheid (arrowhead). C (K-GT 25% weight loss):
Penetration of hyphae through cross—field pits (arrowhead) and bordered pits of
ray tracheids (arrow). D (K-GT 20% weight loss): Depressed hyphal trace
(arrow). A-D: SEM; Scale bars: A=50gm, B-D=10zm.
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Fig.9. Radial surfaces showing penetration of hyphae. A (K-GT 5% weight
loss): Penetration of microhyphae through tracheid bordered pits. B (K-GT 5%
weight loss): Hyphae passing through cross—field pits. C and D (R-GT 25%
weight loss): Microhyphae penetrating through bore holes in spiral check (arrow)
and having clamp connection (arrowheads). E (K-TYP 15% weight loss): Hyphae
with clamp connection (arrowheads). A-E: SEM; Scale bars: A & B=50imm, C &
E=10pm, D=5m.

4 2243 o JAHE Tt WA A f4A BEHA
(Fig.11A & B) A 2+ gade] FX7F Adidoez =2 cell corner 49
TAE e e Exste As 42 & 5 Ath(Fig100). ol dFe dE=
Q2 olefe] thE HA A AREol AERe ~o dilE FHIAAFTV] wEolgte

Nilsson(1974)¢] =43k 4] shich. =9t F-57F ol whe} AR ge] tabe}
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Al w#AE 7t A EE A So R AA wolde ASs HJA #FT F U
o (Fig9C & E, 12A & B) 82 WATAE 7Hed WA AAldl 24 &3k
UATHFig.120). wZoF Ha ol FAHASl IS f4A a2 5+ AATH(Fig.12D

&
BT AxHs Aefsta AAH ] Tl AR AA UAHFig.13).

Fig.10. Transverse surfaces showing structural changes of tracheid walls (A
& B) and distribution of hyphae (C & D). A (R-TYP 5% weight loss): S2 layer
of the secondary wall having a porous appearance (arrowhead). B (R-GT 5%
weight loss): Development of radial checks or voids (arrowhead) in S2 layer. C
(R-TYP 10% weight loss): Hyphae located in ray and tracheids. D (K-GT 10%
weight loss): Development of mycelia (arrowhead) in tracheid lumina adjacent to

ray. A, B & D: SEM; C: LM; Scale bars: A & B=10um, C & D=50um.
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) mAE Wt
HFz714 TEMS Sd AE22x Edo ®il 44 & oy 24 ¥
I A A #EE A TH(Fig.14). @A (Hyphal
HaliheEs SallAA Ftal HA AxHome] 34 olss &
3 2 4 A Ath(Jutte and Sachs, 1976; Leightley
and Eaton, 1980).

uB

Fig. 11. Transverse surfaces showing distribution of hyphae. A (K-GT 10%

weight loss): Hyphae (H) with sheath in ray and a hypha attached to innermost
S3 layer (arrowhead). B (K-GT 10% weight loss): Degradation of tracheid walls
adjacent to ray and penetration of hyphal sheath (HS) into tracheid lumen. A &
B: TEM,; Scale bars=2ym.
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Fig. 12. Radial surfaces showing distribution of hyphae. A (R-GT 15%
weight loss) and B (K-GT 25% weight loss): Hyahae (black arrow) and a large
hypha (white arrow) elongated along the cell axis in tracheids. C (R-TYP 20%
weight loss): Microhyphae distributed throughout tracheids. D (K-TYP 20%
weight loss): Hyphae-filled cross—field pits and a tracheid. E (K-GT 25% weight
loss): Hyphal colonization in cross—field pits. A-E: SEM,; Scale bars: A & E=50um,
B=10um, C & D=100xm.
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Fig. 13. Tangential surfaces showing structural changes of ray cell walls. A
(R-GT 20% weight loss) and B (K-TYP 20% weight loss): Degradation of ray
parenchyma cell walls (arrow) but intact ray tracheid walls (arrowhead). C
(R-TYP 20% weight loss): Decomposition of all the cell walls in uniseriate and
fusiform rays. D (K-GT 15% weight loss): Development of mycelia in decomposed

ray cells. A-D: SEM; Scale bars: A=10gm, B-D=50um.

A A HFig.14D). o]& EA AEw e m A E= "
Alxzel dslel] et Highley 5(1983a)9] A5 Szl F++= Aoz o
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F97b Rd gl wep SiFolu SpFol el S;F e AAE=TE w4 yEbd
= As #FE F AA=u(FigldB & D) ol#d A2 Messner and
Stachelberger(1984) and Messner et al.(1986)°] X 313k w}2}7-o] phenolic units”}t
demethylation¥ ©] A4 ¥ dihydroxyphenolic substances®} OsOs7} HF3-3lo] A7 =

LAl AAkete]l H3zlHo] wj$ & electron dense particlesell ©]3) wHAE Ro =

AAA R Z AFolME Az fgade] FE4< demethylatione] A4 ¥ vk
As &+ AATh

T3k Messner and Stachelberger(1984) and Highley and Murmanis(1985)= 2425
Syro]l @3] glad el demethylationWhs do7Ithd O0sOy =& KMnO42 1A s}
e W AAEETE =A vebderdtel e Btstal A2 e F3h353 cell corner -9
A AALErE 28y WA dehve ASRFE AARISHEE glade] EE o
ozl & Qvka ®agk vk dow Mi Kwon(1993) T3k #la1dS et BE AX
W AR EaiE #AAslo] L. lepideus & HadES Ead 4 vt B}
2 AP e F5 mpAga Aol FF59 cell corner F-#9 HAE =T thA
A #FEE Ao (Fig1bA & C) 29| 238 o] d3tx o] QA THFig.15B)
olgfgh Ay E Ao AFEH AMEFIEE SpF o AdEAd FAEN oy &
= AlxEE AR FElE ol wAME AT AKX
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Fig. 14. Transverse surfaces showing ultrastructure of tracheid walls fixed
with OsO4. A (R-TYP 10% weight loss): Formation of hyphal sheath (HS) and
osmiophilic (electron-dense) particles (arrow) in the S3 layer of cell corner. B
(R-GT 15% weight loss): Hyphae in corners of tracheid lumina, osmiophilic
particles (arrows), and delamination in true middle lamella (arrowhead). C (R-TYP
259 weight loss): Elongated hyphal sheath (HS) and exposure of cellulose
microfibrils in S1 layer by some decomposition of lignin. D (R-TYP 20% weight
loss): Osmiophilic particles (arrow) in the S3 layer in cell corner. A-D: TEM,;
Scale bars=2um.

2 Ay A FF upx et gA A JtEd 238 S;F oA erosions BRI
AHFig.15C & D). Wilcos(1968)= HFFA o] ZAAMRF oA wrAgst WA}

EA9l erosions #ZEEATH E3F Liese(1970) F57F A33s] A3 AAET A9

%2,

X,
5
lo
-z

o
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Fig. 15. Transverse surfaces showing ultrastructural changes of tracheid
and ray cell walls. A (K-GT 25% weight loss): Penetration of hyphae (I) into
tracheid lumen via bordered pit and low electron-dense true middle lamella in cell
corner (arrowhead). B (K-GT 20% weight loss): Heavily eroded secondary wall
adjacent to ray (arrow) and S2 and S3 layers in the process of degradation
(arrowheads) near hyphal sheath (HS). C (K-GT 25% weight loss): Extensively
degraded S2 layer, low electron- dense true middle lamella in cell corner (white
arrowhead), localized erosion of S3 layer (arrow), and separation of S3 layer
(black arrowhead) from S2 layer in tracheid wall. D (R-GT 25% weight loss):

Localized erosion (arrows) in ray cell wall. A-D: TEM,; Scale bars=2um.
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Fig. 16. Radial surfaces showing wall checks in tracheids (A & B) and

intact torus and margo (C & D). A (R-GT 20% weight loss): Long spiral
checks associated with cross—field pit openings. B (R-GT 25% weight loss):
Bordered pits of tracheids having short spiral checks in borders. C (K-TYP 25%

weight loss): Revealed microfibrils by some decomposition of lignin in Sl layer,
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low electron—-dense true middle lamella in cell corner (arrows) but intact torus and
margo (arrowhead). D (K-GT 25% weight loss): Evidence of polysaccharide
degradation in S2 layer (arrowhead) and osmiophilic (electron-dense) particles
(arrow) in the S3 layer. A & B: SEM; C & D: TEM, Scale bars: A & B=10um, C
& D=2um.

2 E
Satoll oigh vheFek HA A AEe AE
Axy A% A (Meier 1955) 123 53 FRo] wgl g2/ Yets o=
tH(Meier 1955; Wilcox 1968). 53] 2|1
FAdo] At Aoz 4R At (Wilcox 1970; Kuo et al. 1988). 18 2 2 3o
o] tmdAA gad ko] AdlF oz e cell corner 912 Alxd
sh7b 2 Ask e #EE ¢ AT FiglbA & CO). olHd A2
os] A dIE= A g adE AfolAe
A3 o 7 wRe 8 wlade] EA7F St
A AEE et 25 s Nilsson(1974)0 ¢ 3] o =¥t
WAL ZbEd e dE] AR AR AEE oA WA G ele Ayt Ao

(Fig.15 & 17A). °]2f3 dgozm ZARFoA WAFAEZ7E d 3} 15“401 St

(Fig.10A & B).

ol wp HAje
3| A 7] o] 2L
FolM= AT 7

Highley, 1977).

L _4
v}
o
0_1.,

A (porosity)e] Z7}etal AEZQ »~ HH 2
A AZXY, ugbA] o]e} L 2xH o dHLe 2o FHANALG
Ly

A EAS goylE oo a#A] AUt (Cowling, 1961;

+
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Fig. 17. Transverse surfaces showing ultrastructural changes of tracheid
and ray cell walls. A (R-TYP 15% weight loss): Extensively decomposed ray. B
(R-GT 25% weight loss): Degraded tracheids showing a loss of cell wall rigidity
and 'wavy’ appearance. A: TEM; B: SEM,; Scale bars: A=8um, B=50xm.

o7 Aol wel dAF S35 AFEaL dgol®= Eekal mAlghxe] st
7F 2208 5 Zsdh Lol A AlFtE = Aol Es] #EAEHeH ST dsrh A
T ST BFo 4TS A9 wA GUrhFigI8A, C & D). EHRF=
ditdow Z47] g AEHIo] FA A on(Cowling, 1961; Wilcox, 1968),
Fo] Fs AL WA RdFAE BT SpTolA FHee Ao
Aote e dFEe] AARFAAM deues ARk 5EFow defA v
(Jurast, 1958, 1964; Highley et al. 1985). T3 I 7P 2348 9] S5 244
ool os) 7bE WA AAHe For A Utk (Meier 1955; Wilcox 1970). ©]
= A9 2a e EAlete gade e S SsFoll HlE SpFel o A7) wiEel
(Saka$t Thomas 1982), 513 SzFol YetE 25 g o =2 AP o
E ol 9 =2 ligniﬁcaition-‘?] AEo] o3t Aole}t ALm HTH Wilcox 1968).
ARG o] Bulsle g4 #ado] thal demethylation®] A xo WH3}qt

7 gge 498 FE Aze FHE gz §AHE AL ¢ 5 A w9
dol we BgFHFe AS RE AmdA A4T JuE #49
W BFFol BART 1Y APl BF Foldt AL & 5 U

o,
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Fig. 18. Transverse surfaces showing ultrastructural changes of tracheid
walls. A (K-TYP 15% weight loss), B (R-TYP 15% weight loss), and C (R-TYP
20% weight loss): Extensively degraded S2 layer but intact compound middle
lamella and S3 layer (arrow) in earlywood. D (K-TYP 15% weight loss):
Extensively degraded S2 layer but intact S3 layer (arrow) and compound middle

lamella in latewood. A-D: SEM; Scale bars=10gm.

3 AE

WALe BESE ol% WolA RF 27 WA TR FANTY mEor ¥FL F

o) FSAT A AR Wel A% AW e 1 £ Ba) ARaE Aol AE
.

o
FN
iu
rir
>,

o

Ol
ol
=
S
o)
L
tr
ok

o
k)
1
M
Lo
B
>

- 139 -



%

.ZE

2

S

2
fite)
e
)

T2

W el A2l (cell corner) -9l A7}
uebA glady e AER e~ ol T

hvA
-

Al

KX
T

=

T

=1]
2 B\

1

S

o 2%

=

1 Ss3

ko)
G. trabeumo] ¢

o =

=

[}

1
.

oyt S,

Al Lol A
B o] 2 (erosion)e] FAHEUSM 1

A2 (cell corner) H#9 AAFZTANAN AAEEF thh @A #

=

[}

ul

g 119 v ¥ 3} (demethylation)®¥ vk o} 2}

A} x]

Aoz oA,
Ein

Al A2 skl glo) FE7E ] wet S,

A=)
A

B

]_

o

Ky

hvA
-

Al

i

=7F wig- =A dErs o
S

]

o

gropal Abs

A A

= #AE

]
7 Adgel weh aurud ehroleauite] tEw oA

o
A

I~
T

o
)
B
o
I

7o

Jail

HA

°©

il

A ARl o @A

)l

)

=
_Z#O

N

o)
e
53!

T

Eas

M E 7}

o

i

o A}

=]
RLN

LER7] )

=

=

3}

[e=]
=

i

pul

EEIEE

<

o] 7}%

o o

o YARA E

ol
s

WA 2ol

)

3} A B E

=

530

KR
T

)

B8

of s 7}

%T
-

=

9o a8 G,

L

L

ol A

A

1l

i

ol M= WArEE o] g

gelobebaFol A o ol

3

w4 Ay

}

9
yul

=2, Fomitopsis palustris®l] 93] HF35 ZA A

trabeumol] 2]

)
]

)

</

IS5

-

=]
T

SRS
AolAe] ATRL 2uFun eroleagTela o dAA

ARG

KeX

T
H
-

Fach 2

<]

3o we u

S

G. trabeumo°l] ¢

.

1

1]

3 %
folet Ay H$ Fomitopsis palustris®.th

of

7] @A o2 A=

;oT

joh-
il

;O‘.u

2 =85t G. trabeume] ¢

o
AzA T AL

Jo] 2upysh whriofe

2] A
2

h=i

o]
<
ol

_ZW

o
&

- 140 -



Y. @Ad 439 Hnty Hrt
D AE 8
2cm X 2cm X 2cm~8cm A7]9] AlHS A Zste] GTHoZE 1~13%9 T w447}
old d¥dsAE o] &tk PUNDIT-plus FHE ol &3te] MAAA] 253t
AGEEE SHsA AlHALo] o] A AW = greases AHE-3HAA T
5o A A7), A mE 253 dY £r9 IS Hristy] $lske]

FSA ot

Fig. 199} 22 thdh zgtol tieh 29 43S

o

conlrad {7 decwy (TN il TR i I ey e [T

jocoarel [T ooire T I — :I'_ S s rRcHr
T . T = | — — Lo I“I £~ Ecm

v
o
"
o

I -] &&m - ] [ ur Rer
| i ] | | Ser I [ o i (W] kr
_dom A A | = - = & | &m o -

Fig.19. Measurements of ultrasonic velocity on decayed wood

(weight loss, length and location. from left)
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Fig.23. A (5% weight loss) & B (10% weight loss) : Transverse surfaces
showing structural changes of tracheid walls. C (5% weight loss) & D (10%

weight loss) : Tangential surfaces showing structural changes of ray cell walls. A

- D: SEM,; Scale bars: A,C & D=50um, B=10gm.

- 145 -



B Ak Wz} Bt

=
=

2t 3 dA =

b At

H

—_—

jang
i

i
!

o)
e

H

—

i

o~
4r
O

} 3 tH(Table 2).

5|

T 145 18F) o2 Al

o

E%(soil) Al A A (vermiculite)
=124 AWPA E10-01(AWPA 2001)9] soil-block A]

B7h=

FHR2E
GEESE

‘04

I

7A
Ho

wo
ol

-
3t

=R

iul

BN

—
file)

el

25

bol 1A 3hede.

S

o 2]~

;O.ﬁ
7]

~

=
;oT
-
=
=

|
_

ﬁo

F29¢ AU} (Pinus densiflora) Al

P

¢
7o

el

-} (Quercus variabillis) A& #H

=

o =

BH
o

Al FA T HE AR

Ho

pu

?_

e

(2)

4
o]

b=
joh-
il
=
NI

!

ol 4= Gloeophyllum trabeum¥ Gloeophyllum sepiarium®|

AE&E&EE Table 20 H o

N
N

=
K3

b =
A RSt

ol A= Cryptoporus

versicolor(13.25%),  Ceriporia  lacerata(11.51%6),

Trametes

volvatus(20.14%),

W

A
=

il

Crustoderma flavesescens(10.90%)7} %374 10% ©]

H &
T

=4

Hel G. trabeume

3|

i

9lt}. Hof(1972)

3ttt G. trabeum]

G. trabeum® AYHHF ZtsiE=rF o9

R
R

% %

1A o2

[e]

353

- 146 -



S X% v lom Carey(1988)¢} Kartal(1999)% 4<% (Pinus sylvestris)
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Table 2. Weight loss of selected fungi isolated from wood products in

services.
Rot Optimum Weight loss(%)
Fungi rowth

¢ fupe tempgrature( T) average stdev
Gloeophyllum trabeum B 30 5312 A 528
Gloeophyllum sepiarium B 30 1861 B 258
Fomitopsis pinicola B 30 412 C 347
Sistotrema brinkmannii B 25 134 D 024
Antrodia serialis B 25 082 D 080
Tapinella panuoides B 25 065 D 060
Cystidophorus castaneus B 30 - -
Cryptoporus volvatus AW 30 2014 A 355
Trametes versicolor AW 30 1325 B 383
Ceriporia lacerata W 30 1151 BC 1.72
Crustoderma flavesescens \WY 35 1090 C 5.02
Bjerkandera adusta \WY 30 784 D 266
Phanerochate sordida W 30 756 D 1.18
Phlebia subserialis W 25 568 E  1.02
Irpex lacteus \WY 35 532 E 102
Stereum hirsutum W 20 477 E  1.29
Phlebia radiata W 25 467 E 1.06
Schizophyllum commune A 30 258 F 107
Hyphochnicium radula AW 25 197 F 1.09
Amphinema bissoides \WY 25 191 F 1.02
Hyphochnicium eichleri W 25 144 F 035
Phlebia griseofulva \WY 25 1.10 F 0.65
Crustoderma corneum, A 25 091 F 107
Hyphoderma praetermissum AW 25 086 F 069
Peniophora sp. W 25 075 F 114

“'W and B represent white-rot type and brown-rot type respectively.
“?Values are mean of 10 replicates. Numbers followed by the same letter in each column

are not significantly different (2=0.05) according to the Duncan method.
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Table 3. Equilibrium moisture contents of decayed wood by three brown-rot

fungi with various weight losses.

Weight loss(%)
Fungus 0.0 2.5 5.0 75 10.0

11.35 11.02 11.36 11.81 12.09
(3.78) (2.45) (3.25) (5.44) (1.57)

11.35 11.13 11.43 11.65 11.64
(3.78) (3.56) (3.71) (2.42) (2.20)

11.35 10.75 10.79 11.26 11.58
(3.78) (2.75) (3.30) (4.56) (5.57)

Gloeophyllum sepiarium

Gloeophyllum trabeum

Fomitopsis palustris
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Stress wave velocity (m/ sec) =if (212)
d = distance of accelerometer (m)
t = stress wave propagation time (sec)

2
Dynamic MOE (kg om*)=—_# (293)

1 = stress wave velocity (m/sec)

0= density (g/cm)
g = acceleration of gravity = 980 cm/sec2

249 (vacuum impregnation method)oll ol&] Wiz 2 B3 aFd £H3tE
REAYPH WE 55 AA Tt AldHY grEs 5o vhejel A3

F92 60~80% Alo] F = ZAH3I T aluminum foilZ 4 HWE3FFe] 121TC &%=9

A r]el A 30=3F Esk ATk

Aol A #3824 5= EXo ZA(vermiculite) 40gram¥ THF 120mLE
A7be o ZA 2WS FgetA skolth A4 EHel 2% malt extract &N 1
B2 AA A3 feeder strip(60mmx3mmx60mm)S L#Exn &4 ges Zo s
AEN A B Yol WEsla 121C 2% mtdirr]olA 3087 E
et FaHA F A S BAE S8 A% vE § FA(clean bench) Wiell
I cork borerZ AF-&3te] 2% malt extract agar(MEA) 3 3Huj %] o
a9 AT Fe A HFFHA(noculum)s AF Sl feeder

L RBE 5 BAE P85l Goeophyllum trabeum®} Goeophyllum
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g 3 B 1/3 F¥o] feeder strip? HEEHEZ feeder
=0 2 AFH g% T E feeder stripS F o] AFHY =
5 1/3 &3

W Ag BAE o WEE,

e
A FF AaES AAE FUE]

I I
S ecimen

Vermiculite

wW,— W,
Weight loss(%) = ( ) %100 2]
w, (214)
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Wb = conditioned weight before fungal attack

Wa = conditioned weight after fungal attack

% T AdHee AP dx(AxF §& x5 T Ao zHEH 3
% Ay ¥ ~(wave impedance), 52 ©AAFE zHzF 2] 2, 3, 59 9 AAEA T

Wawe impedance( kg/m? + sec) = v<p (2]5)

v = stress wave velocity (m/sec)

0= density (g/cm)

(AhH # A3
3 Al¥e Winandy$t Morrell(1993)¢] A|¢ksk 180mm =] FUYH 1/3 A A
3ol 1.2omm/& £52 A 85+ 48 dt% W4 (four-point loading) 2.2 Ths %%
A& 7] (Instron testing machine)& AF&3to] A Al tH(Fig2h). & AlEE& F3ste]
o] sF-¥y FHMorHRE FW=(modulus of rupture; MOR), 3 A
(modulus of elasticity; MOE), 3374 Z & & (work to maximum load; WML)

< ALk
A8 AlgdHe & AgA] BAHeR A88= 33 % (three—point loading) W4
qalel 48 3tF WA oR FFs 7t olfE usd 2 34" st WA E

Fig.259] (a)ellA & &+ Axeo] Hd 3 EWEZ 29 A F4F, 5 stsol 48

He Aol dAgg. a8y & 2

= HAT feeder strip?t AH A

A Ao AA wAsHA dArt weA] 33 stE WAS ol &d A Hu #
of
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A gag A% B4 5 9 Ak

(a) Three-point loading (b) Four-point loading

P P/2 P/2

A Loading %

p/o P2 configuration /o /2

P/2 P/2
& Shear H
P/2 P/2

PL/4 PL/6

Bending
moment

Fig.25. Shear and bending moment diagrams for three-point (a) and

four-point at L/3 (b) loading configurations where P is load and L is span.

Fig.26. Test setup for four—-point bending test.
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z27o THFgLes 2dEste AR 1F 3 42 (MOE, MOR, WML) =}

&
ko
°] & general linear model(GLM)& ©]&3to] AAsAY. 18a FATdHo= {9

Aol 94 E = HiEkS Duncan?] multiple range test® o] &3t Hlastdol. T HF
Hage e FA44E W AeE 5T F e HA models NEetr] sk &
< 2 OgF AEMS AAFAY. RE AR EAREAL Statistical Analysis

System ver 7.12(SAS Institute, 1988)2 o] &3} %t}

(2) A543
A NS 37 AE7F AREUAASE s dFol #ARle] wAE Al Awe] 1
2A #HH o A sk Al gHe] =2, gl o5 e A e
FHl= Fig2relA & F kol #Fl wet Aeolds 4 AT Gloeophyllum
trabeum 7}3l AlE-2 ALl A Aolo] diste] F$7F = Ao Fomitopsis

palustris 7}all A|HE& feeder strip® A HEEHJY HYolAvt o7 e A 2

oY

LRSS &4 F+ AATt Gloeophyllum sepiarium 7}l AJH Q] thE-E-& Fomitopsis
palustris 7}all AlH 7} wpE7EA 2 feeder strip? A HFEHJE T A wE F57}
AHA g ot dF Jha] AlHAA = feeder strip?t A HEFsHA] Zgd
A% 371 Agd Aol #AHIALH T Fo] wpE HE F9)o o]y g zol= H
Sol we A W F4 BgrE JFetEe AlsEn FaE 2 Aol
AFEE 4% ste WA (four-point loading)S ©]&3% H5 Aol FAFA FHuy F
Edl E (maximum bending moment)”7} 2R = - (feeder strip@ 218 HE3Ad
Ald dolg 23] TG 1/3 A} F5 Tt dAstoofrt R5o ofg 4
2 WstE At 4T 5 Ak

omitopsis palustris 7}8f A A&} sl B3 AEE HoF= Fig.289]
B %ol Al g e AmrE JFET 43St Fomitopsis palustris#b
Gloeophyllum sepiarium 7}8] A|Ho| A= AH9} st HE AHE Zolrl Zloy
Gloeophyllum trabeum 7}l Al A &= o]zt vl AA YeEpdS & 5 AATh
ol dAglel AlH sHFo] F37F Alg o= AAH A HFsL U™ feeder

stripel AHORRH B2 Este] AW SR e FY BFA A% A

-z

juc)

t
ot
r o

2
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A5t 7] wFEolgt AlsEth A do] 5 (compression side)H.th
A4 (tension side) A Ele] F&FS w7] wiifol] ol AREES mHdt] F=F FHA

KR
@A wE AR B9 sk O AT AR ot Aol HEs A

)
ot
i
)
o
fr
Ho

Gloeophyllum sepiarium

Gloeophyllum trabeum

Fomitopsis palustris

Fig.27. Differences in fungal colonization and decay area among three

brown-rot fungi.
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Upper side Lower side

Fig.28. Differences in decay area between upper and lower side of specimen

attacked by Fomitopsis palustris.

ZA RS gheel o3 BAE A ARE FFol BAfel A A
(WML)># %4 =MOR)>E &4 A5=(MOE) 2% uetw=tl(Table 4), F-5o w&
A AE #2e MAEE A7k el d7ddsEd dREE A% 4 S

(1996)2 Fomitopsis palustris®} Gloeophyllum trabeumol ] H5& % oo elav

s}
23FA Y. 3 Wilcox(1978) A A] ol dx] e A=l <A (toughness)d =4 7
= (impact bending strength) 747} 7} At B3k vp gy, 24 BREF
A5

g 27 F57F AAFA 93 Aded mA= 9% 7% Mulholland(1954),

Winandy ¢} Morrell(1993), Kim 5(1994), 7 5(1996)2 874 %= #H&7F 44+ 7
2Rt Aty B ausdth 28y Cartwright 5(1931)8 et AF a7 4=
HaRT 25 S Zlom Basiin oo o] R wE fAE=e AuAAT

|3 o] A

B AE7t AFAE Troll Aoldk o] fi= o]Eo] Ao ALEd FA
2 g3y gl Aoz Alzmdch HuZ Wilcox(1978)= H-Zo o3t A 8=

A Fa ARE £33 2FR 2P B Fo gL AH vk Aok
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Table 4. Change in bending properties of Japanese red pine sapwood

microbeams decayed by three brown-rot fungi with various weight losses.”

Weight MOR(kg/cm’) MOE(kg/cm’) WML (kg * mm)
loss
Fungus (%) Mean % CV Mean % CV  Mean % CV
0.0 76833 ® 651 9744500 b 834 73741 a 1338
(steam sterilized) (o o) (0.00) (0.00)
25 60825 b 11.60 10692300 a 875 29288 b 36.05
(20.84) (-9.73) (60.28)
b
Gloeophyllum 5.0 53808 ¢ 1204 9153778 ¢ 1065 25757 b 27.83
sepiarium (29.97) (6.06) (65.07)
75 47526 4 1096 8584600 ¢ 1449 23374 b 29.95
(38.15) (11.90) (68.30)
10.0 42216 d 13.87 7350000 d 1359 20820 b 40.30
(45.06) (24.57) (71.77)
0.0 76838 a 629 9744500 a 834 73741 a 13.38
(steam sterilized) (o o) (0.00) (0.00)
25 609.81 b 1149  99391.11 a 11.83 29047 b 27.15
(20.64) (-2.00) (60.61)
b
Gloeophyllum 5.0 536.20 ¢ 1797  89381.00 a 13.02 27088 b 31.06
trabeum (30.22) (8.28) (63.27)
75 50718 d 1670 7829667 b 1027 26390 b 29.63
(33.99) (19.65) (64.21)
10.0 43488 d 2720 7644400 b 1352 17806 ¢ 46.16

(43.40)

(21.55)

(75.85)

“'IMOR is modulus of rupture, MOE modulus of elasticity, WML work

to maximum load,

and % CV coefficient of variation, Values in parenthesis are percent differences from steam

sterilized controls.

“Values followed by the same letter in each column not significantly different (2=0.05)

according to the Duncan's multiple range test.
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Table 4. Continued.

Weight MOR(kg/cm’) MOE(kg/cm’) WML(kg * mm)
loss
Fungus (%) Mean % CV Mean % CV  Mean % CV
0.0 768.38 a 6.51 97,445.00 g 8.46 73741 a 13.38
t terilized
(steam sterilized) ;1) (0.00) (0.00)
25 562.30 b 21.84 103,847.39 a 9.69 25456 b 44.15
(26.82) (-6.57) (65.48)
Fomitopsis 50 397.76 ¢ 2306 8910556 b 1756 13499 c 42,08
palustris (48.23) (856) (81.69)
75 233.10 d 36.90 64,036.00 ¢ 24.67 7952 ¢ 50.44
(69.66) (34.28) (89.22)
10.0 156.10 d 17.83 46,118.00 d 13.04 51.33 ¢ 60.97
(79.68) (52.67) (93.04)
0.0
(untreated) 709.80 6.29 99100.83 8.34 658.78 2752

Table 4914 E 4 A%l A Farve FTHUALE 10HAE muioz Ao
Z7] F5GARY AeA EAedT. 53], 2= FA] HALdF 7
7] BEZ A (very early stage of incipient decay)FE T
HAdFe 7ol dAglel TF HAE 25 HAMEAA 77
0~65 HAE zHadte] ¢ Bl a4 =7 A4 @<0.05) 0= 9%
o2 yeigth e FegAS A E T FAE 75 HAEA 20~35 HAE
EAA(1<0.05) 0.2 Fo3t Aoz e

]_
Aol detA HAL 2 gaATY Sobd

2]

X
*‘ L)
1—‘ ;9
o £
L\: b
a1 o
B
= o b
[m

&
P [V}

pos

. =K
o) g3tel AT AW AL FEE A ZUelA S Fasit 58, 2R
F#ol NFhosZ AFFAE Asais A 24 722 FEEATL O

AdFAE e FI B o, 27 2ARFY AR Ave Fage & ue
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2 T

F5 zege] we AAE FAES 27| dAFFHAE 25% HADAAE 20~
25 HAER FFo] #ARel FASHA ey, 1 ojFRE dFel wE Has
2bo) 7F B2 E) A tH(Fig.29 a). Fomitopsis palustris 731 A $ol= %7 wA o A
o Zago] A FAHUAM A= AHHow A FHAskd Gloeophyllum<:
(Gloeophyllum sepiarium¥ Gloeophyllum trabeum) 7}a] A|Ho|A= FFE 747}
grtstA A =EEA F57F 218 gol w2l Fomitopsis palustris 7Felf Al |3 #745%=
Tag zol7t Hojxth AT TEHAE S

Aol 7b HEH A getoyt I olFrme AR FasolAet vz A= Fomitopsis
palustris 7Fall A 3} Gloeophyllum< 748 Al# 7ol A ASF 28 Aol7t Hxap
Hoj x| 7] Alzek A th(Fig.29 b). Al HA A2 dFol dARle]l 527 GAE
FAaE 25% GHADNA 60~65% B vig- AAsAl FAasta olFEE A AL
= ghubshA Rk kA A & AHEEI v R fF 1t A Hojd =

28 Aol7t A Aoz Hol HrHFig.29¢] ¢).

---@&-- G. sepiarium —O—G. trabeum —B— F. palustris

1000

800

600

400

MOR (kg/cit)

200

0 2.5 5 7.5 10
Weight loss (%)

(a) Weight losses vs. MOR
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---@&-- G.sepiarium —O—G. trabeum —W—F. palustris

125,000

100,000

75,000

50,000

MOE(kg/ant)

25,000

0 2.5 5 7.5 10
Weight loss (%)

(a) Weight losses vs. MOE

--@&-- G. sepiarium —O—G. trabeum —W—F. palustris

800

600

400

WML(kg * mm

200

0 2.5 5 7.5 10
Weight loss (%)

(a) Weight losses vs. WML

Fig.29. Changes in bending properties with various weight losses.
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571 984 Ao mA= el tig T A Wilcox(1978)+=
FagolA AT F A AL Fe 50~T0HAE, A%
of FEAAATFE 60~70HAE Fx Ao siled, £ A9 2= fFuA
o} Hl<=slgth. 28l Mizumoto(1996)=  Gloeophyllum
trabeumel &% 12 HAE FHHA LA A2UF(Pinus densiflora) A5 A& H 9
A7 0 A E At Bastd=d), olgd A4ae2 2 AT G. trabeum
of ogt §& Avtel vszstglth. T3 Winandy ¢t Morrell(1993) %= & &7t o] 115
HHAMEZ G. trabeumo| 93] 359 Douglas—fir A9 7= FeA A 93 A

o ztzt 435, 162, 705 A EL HustgEd], o A £ A7

S

AT FFE, 5 FFBLE0NN TAT ) B FaE Aol WA A

pul

o % AR Aze 2 5 vk b BAE el ZARFA AB sbel A A

3| 4] Fomitopsis palustris® A F-EA] feeder strip® 2 H FEFE AJH 292 A=
Ao ettt wEkA Fomitopsis palustris 7Fsl Al elM = 43 ste 84
(four-point loading)< ©]&3% HF AlHe HAAFA Hd & EwE(maximum
bending moment)7} 2= - (feeder strip? AR HE=s 9 A|H o= 29
o T 1/3 S1AD)SE F5 F97F dA ko] FFo ok FAH Wyt Fes] wk
FEATt AdET o stve AT HE 37 H o]&g 27 H ol2ow 34
Al 713 Bk AR uAE2 e ~0 4F JhgEEe] FofstE 4k (exgenous oxalic
acid) &R %ol Afo] YA H5 Tl Aolrt e H ] wjZelet AtREY. 24
el o7 AR A HIEAZ AAsEa] AAE [H0rFer++]9h [HoOr-Fe++]
AA N oet=ul F27F Azl vlE] ot 7hef S =rb w2 ok (Schmidt 1980). whet
A AR B B A9E 37F A o9 27 A oo FHlFo] FolA| 7| uwE
of AxH T4 HEAA Treirt &S BAHEA AER Q2 T
(depolymerization)oll ]38t F3%= A3t7F AE ¥ ol g} ko] o3t FuAER

2o ARERAE BASEA W2 FFEANE BB FE dhe Aol @
yatelet Bt

27 BARFO WE B4 Pa ARE FERas0 o8 38 & ALAE
B3] fekel AAY FATF AR FPFaET A ol LA 3724
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A}E Table 59 Xt}

Table 5. Results of regression analyses for the prediction of bending

properties using weight losses as independent variables.™

Bending )
Fungus Regression equation R
property
MOR -25.198(%WL) + 664.50 0.61
Gloeophyllum
sepiarium MOE -3788.1(%WL) + 11290 0.60
WML -13.709(%WL) + 333.29 0.23
MOR -16.078(%WL) + 643.78 0.33
Gloeophyllum
trabeum MOE -3,008.2(%6WL) + 10591 0.48
WML ~7.6368(%WL) + 317.15 0.09
MOR 976.9486*16373(%\)\/1) + 757.036670‘155516(%\7\]” 080
Fomitopsis
palustris MOE 63,308.6 10IBLZOWL) g0 g7, DI0LBICWL) 0.80

WML 227.144ef0.1422467(%WL) + 913.3516f1.08544(%WL) 0.63

“'IMOR is modulus of rupture, MOE modulus of elasticity, WML work to maximum load,

and %WL percent weight loss.

=% 289 344 7t ABAAAE Gloeophyllum trabeum= A Qlslai:s 37}
>HEAAT>FIA HAIdHF o2 YEETH(Table 5). Gloeophyllum trabeum
|t o= ARRSE g B Ay 27 Bl w3k 3
&3 FA4E 1Y AAAATE RAE>TAA Hod

e
FaA e, old@ Aol RME AT w

S

3} Fomitopsis palustriss &
5(1996)] AFANA THF T
2> FAATY ToE §

PN

TRRIZIA R e FdE o]l vhE olfxE AN A S(1996)2 ATl A
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yul
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yul

&

244 7o
Gloeophyllum sepiarium>Gloeophyllum trabeum

Fomitopsis palustris %&7] &AM s 234285

Al

F=oF

juic)

L

L

Fomitopsis palustris>

eyt th(Fig.30, Fig.31).

A7 e AAASTY

oX,

°f 0804 == w9 dzstdlon, A HAdLFe] A= AAAF7F 0682 Hl
A 5ot AIAAE BGT Gloeophyllum sepiarium %7] FFAA = THTA
7 BAAA o] ARAFIE oF 06022 HlwA FsEg ot FaA HodF
o Age wg & Aow vyt vl Gloeophyllum trabeum 7] F-3-7 o
Me THLALEY B FA4EY AABA g2 FAlol vl wg B A
o ettt oleld gATel wE Aundel ot FARFA FEW BT
A7} Aold AL BHo] Yg + Yrkw B
100
. ® Goeophyllum sepiarium
i - MOR = 664.557 — 25.1983(%WL)
&0l e [Re=0.61]
LR ) L]
.y A . 2% R < Goeophyllum trabeum
T oem|L ¥ 1“:-‘;-# Pl MOR = 643.78 - 16.0779(%WL)
[} - g o Rl Y s g [R2=0.33]
2 oL e TR _ P
7 4 & x ———
= s g - A Fomitopsis palustri
= i % omitopsis palustris
= i = 11\#.' * i * - L
. e * | MOR = 976.948¢-16e7a%w0)
. e . + 757.036¢-0-155516(%WL)
] P [Re=0.80]
ke
1} T T
0 2 i = B o 12
Walght boss %

Fig.30. Regression of MOR on percent weight loss of Japanese red pine

sapwood beams decayed by three brown-rot fungi.
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140,000 ® Goeophyllum sepiarium
120,000 MOE = 112,897 — 3788.1(%WL)
[R2=0.60]
— 100,000 & Goeophyllum trabeum
E 80,000 MOE = 105,908 — 3,008.2(%WL)
2 [Re=0.48]
o 60,000
o A Fomitopsis palustris
= 40,000
MOE = 63,308, 1¢0-101642(%W0)
20,000 | + £8,976.570-101354(%WL)
0 [R2=0.80]

0 2 4 6 8 10 12 14
Weight loss(%)

Fig.31. Regression of MOE on percent weight loss of Japanese red pine

sapwood beams decayed by three brown-rot fungi.
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Fig.32. $%#4 % "5 g3 Z=9 FAAA
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Table 6. Changes of stress wave parameters of weight loss.

Stress
Weight wave Wave Dynamic
loss velocity impedance MOE

Fungus (%) (m/sec) (kg/cm) (kg/m’ - sec)
Gloeophyllum 0.0 3,706.06 a” 175835 ab  66,441.68 ab
sepiarium 2.5 3,744.78 a 1,77849 a 67,987.78 a
5.0 3,646.89 a 167148 b 62,241.42 be
75 3,780.86 a 1,672.75 b 64,528.70 ab

10.0 3,595.46 a 1,557.81 ¢ 57,297.64 ¢

Gloeophyllum 0.0 3,706.06 a 175835 a 66,441.68 a
trabeum 25 3,606.32 ab 168451 ab 6199369 b
5.0 3,550.51 ab 158522 be 5756621 ¢
75 3,48359 b 153541 ¢ 54,590.09 cd

10.0 3,495.42 b 1,429.79 d 51,050.15 ¢

Fomitopsis 0.0 3,706.06 a 175835 a 66,441.68 a
palustris 25 377463 a 1,707.12 a 65,791.66 a
5.0 3,650.13 ab 1,679.60 a 62,571.03 a

75 3,499.32 be 1,536.22 b 54,815.65 b

10.0 3,408.87 ¢ 1,481.99 b 51,591.31 b

*ISame letters followed by numbers in each column are not significantly different (1=0.05)

according to the Duncan's multiple range test.
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Table 7. Changes of percent reduction in stress wave parameters of weight

loss.
Stress
Weight wave Wave Dynamic
loss velocity impedance MOE
Fungus @ @ — (%) ——
Gloeophyllum 0.0 147 a* 2.99 be 440 ¢
sepiarium 2.5 013 a 232 ¢ 2.14 ¢
5.0 0.57 a 5.70 b 6.20 be
75 207 a 9.22 a 11.03 ab
10.0 2.25 a 1187 a 1345 a
Gloeophyllum 0.0 147 d 2.99 d 440 ¢
trabeum 25 3.065 cd 537 ¢ 8.18 ¢
5.0 5.17 be 10.08 b 1461 be
75 763 a 1439 a 20.89 a
10.0 6.80 ab 1607 a 2175 a
Fomitopsis 0.0 1.47 be 2.99 ¢ 440 cd
palustris 25 004 ¢ 217 ¢ 2.00 d
5.0 3.08 abc 750 b 10.33 be
75 4.06 ab 10.69 b 14.27 ab
10.0 579 a 1494 a 1957 a

“ISame letters followed by numbers in each column are not significantly different (1=0.05)

according to the Duncan's multiple range test.
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BAE Qo 59 oA H712 & stress wave timerst Pilodyns A}-&3}o]
=2 o =3t Ao sbsaEittn @ F

FRABAES Eol7]l fAs) AAlE v A 27 o] WeE AEE A9

1
LolAE Ao YegEd, BE FAFA 0.95~0997 A ¢

® Goeophyllum sepiarium
WL = 0.4716(%2)+1.9526
[R2=0.93]

(o]
% O Goeophyillum trabeurn
8 WL = 0.4588(%2)+0.8943
= [Re=0.91]
Re)
§ A Fomitopsis palustris
—0 0 10 20 30 WL=0.032(%2)+1.7584
[Re=0.86]

Reduction in wave impedance(%)

Fig.33. Regression of percent weight loss on reduction in wave impedance

of red pine sapwood beams decayed by three brown-rot decay fungi.
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Table 8. Relationship between stress wave parameters and percent weight

loss by brown-rot fungi.

Correlation

Fungus Predictor™ Regression equation coefficient
G. sepiarium V WL= 39.312-0.0096(V) 0.59
Z WL= 28917-0.0146(Z) 0.69
Ed WL= 23.005-0.0003(Ed) 0.74
v, Z WL= 43.02696-0.00545(V)-0.0111(Z) 0.75
V, Ed WL= 23.79482-0.00032482(V)-0.00028932(Ed) 0.74
7, Ed WL= 23.32664-0.00054157(Z)-0.00028628(Ed) 0.74

V, Z Ed  WL= 159.18137-0.03708(V)-0.076942(Z)+0.00175(Ed) 0.76

G. trabeum 'V WL= 37.83-0.0094(V) 0.63
Z WL= 25.437-0.013(7) 0.68
Ed WL= 22.253-0.0003(Ed) 0.77
Vv, Z WL= 42.86416-0.00632(V)-0.00977(Z) 0.78
V, Ed WL= 26.71018-0.00183(V)-0.00026599(Ed) 0.78
Z, Ed WL= 20.63757+0.00310(Z)-0.00035855(Ed) 0.78
V, Z Ed WL= 121.23281-0.02846(V)-0.5666(Z)+0.00130(Ed) 0.79
F. palustris 'V WL= 33.93-0.0082(V) 0.68
Z WL= 23.235-0.0116(2) 0.73
Ed WL= 18.91-0.0002(Ed) 0.79
vV, Z WL= 36.03978-0.00502(V)-0.00824(Z) 0.81
V, Ed WL= 22.95396-0.00166(V)-0.00020739(Ed) 0.80
Z, Ed WL= 18.28035+0.00111(Z)-0.00025992(Ed) 0.79

V, Z, Ed  WL= 166.95525-0.04071(V)-0.08679(Z)+0.002209(Ed) 0.86

"IV {s stress wave velocity, Z wave impedance, Ed dynamic MOE, and WL percent weight

loss.
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Table 9. Relationship between reduction in stress wave parameters and

percent weight loss by brown-rot fungi.

Correlation

Fungus Predictor™ Regression equation coefficient
G. sepiarium %V WL= 3.6955+0.6392(%V) 0.75
%7 WL= 1.9526+0.4716(%2) 0.93
%Ed WL= 2.6608+0.2906(%Ed) 0.87
%V, %7 WL= 0.03027-0.95905(%V)+1.00893(%Z) 0.99
%V, %Ed WL= 0.24858-1.84583(26V)+0.99154(%6Ed) 0.99
%Z, %Ed WL=-0.3607+1.97782(%Z)-0.99369(%Ed) 0.99

%V, %Z, %Ed  WL=-0.02355-0.56783(%V)+1.42442(%Z)-0.41872(%Ed) 0.99

G. trabeum %V WL= 2.4916+0.5827(%V) 0.72
%Z WL= 0.8943+0.4588(%2) 0.91
%Ed WL= 1.4359+0.2818(%Ed) 0.85
%V, %Z WL=-0.12355-1.00485(%V)+1.04850(%6Z) 0.99
%V, %Ed WL=-0.19958-2.00698(%V)+1.08704(%Ed) 0.99
%7, %Ed WL= 0.01467+2.019362(%62)-1.03783(%Ed) 0.99

%V, %Z, %Ed WL=-0.08102-0.64596(%V)+1.40739(%2)-0.37874(%Ed) 0.99

F. palustris %V WL= 2.6557+0.3459(%V) 0.72
%7 WL= 1.7584+0.032(%Z) 0.86
%Ed WL= 2.1747+0.1731(%Ed) 0.80
%V, %72 WL=-0.08745-1.00059(%V)+1.04122(%Z) 0.99
%V, %Ed WL= 0.22039-179155(%V)+0.97176(%Ed) 0.95
%72, %Ed WL= 0.25406+1.71814(%Z)-0.84984(%6Ed) 0.99

%V, %Z, %Ed  WL=-0.05219-0.73124(%V)+1.27607(%Z)-0.26057(%Ed) 0.99

*I%V, %7, %Ed and WL represents percent reduction in stress wave velocity, wave

impedance, dynamic MOE, and weight.
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Table 10. Result of regression analysis for prediction of bending strength of

decayed wood by brown-rot fungus using stress wave parameters.*1

Correlation

Fungus Predictor Regression equation coefficient
G. sepiarium V MOR= -178.07+0.2033(V) 0.39
Z MOR= -307.31+0.5118(Z) 0.75
Ed MOR= -5.3229+0.0089(Ed) 0.69
v, Z MOR= -34591811+0.01491(V)+0.50212(Z) 0.75
V, Ed MOR=526.90809-0.21854(V)+0.01314(Ed) 0.74
Z, Ed MOR= -301.08245+0.49607(Z)+0.00031924(Ed) 0.75

V, Z, Ed  MOR= -4,598.82458+1.17306(V)+2.91278(Z)-0.06425(Ed) 0.76

G. trabeum 'V MOR= -166.58+0.2064(V) 0.44
Z MOR= -84.292+0.4032(Z) 0.68
Ed MOR= 66.821+0.0085(Ed) 0.70
v, Z MOR= -349.20617+0.09611(V)+0.35448(Z) 0.70
V, Ed MOR= 247.03838-0.07384(V)+0.00989(Ed) 0.71
Z, Ed MOR= -5.23745+0.13834(Z)+0.00591(Ed) 0.71

V, Z, Ed  MOR= 2,396.00798-0.67942(V)-1.28814(Z)+0.04541(Ed) 0.72

F. palustris V MOR= -1,667.9+0.5839(V) 0.58
Z MOR= -1,287.9+1.0524(Z) 0.78
Ed MOR= -807.6+0.0203(Ed) 0.80
Vv, Z MOR= -1,896.51988+0.23869(V)+0.89041(Z) 0.81
V, Ed MOR= -430.1908-0.15528(V)+0.0234(Ed) 0.81
Z, Ed MOR= -1,035.63595+0.40302(Z)+0.01323(Ed) 0.81

V, Z, Ed MOR= -4,356.24016+0.90919(V)+2.36629(Z)-0.03934(Ed) 0.81

IV is stress wave velocity, Z wave impedance, Ed dynamic MOE, and MOR modulus of

rupture
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1,200
1,000 | ® Goeophyllum sepiarium
MOR =-5.3329+0.0089(%Ed)
£ 800 | [Re=0.69]
§> 600 | <& Goeophyllum trabeurn
?g MOR = 66.821+0.0085(%Ed)
> 4(x) B [R2=0. 70]
A Fomitopsis palustris
200
MOR=-807.6+0.0203(%Ed)
0 [R2=0.80]
25,000 50,000 75,000 100,000

Dynamic MOE(kg/cr)

Fig.34. Regression of bending strength on dynamic MOE of red pine

sapwood beams decayed by three brown-rot decay fungi.

1,200
1,000 ® Goeophyllum sepiarium
MOR = -307.31+0.5118(2)
¥ 800 | [R2=0.75]
E’ <& Goeophyllum trabeum
%’ 600 MOR = -84.292+0.4032(Z)
= [R2=0.68]
400
A Fomitopsis palustris
200 MOR= -1,287.9+1.0524(2)
[R2=0.78]
0
1,000 1,500 2,000 2,500

Wave impedance(kg/ M -sec)

Fig.35. Regression of bending strength on wave impedance of red pine

sapwood beams decayed by three brown-rot decay fungi.
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. . . 1
using reduction in stress wave parameters.”

Table 11. Result of regression analysis for prediction of bending strength of decayed wood by brown-rot fungus

Correlation
Fungus Predictor Regression equation coefficient
G. sepiarium %V MOR= 567.31-10.69(%V) 0.40
%7, MOR= 603.69-9.6673(%Z) 0.61
%Ed MOR= 58757 -5.5716(%Ed) 0.54
%V, %7 MOR= 686.08255+41.10465(%V)-32.69603(%Z) 0.80
%V, %Ed MOR= 676.39696+67.96026(%V)-31.38151(%Ed) 0.78
%7, %Ed MOR=693.06996-77.36125(%2)+44.6602(%Ed) 0.81
%V, %7, %Ed MOR=693.32430-11.53350(%V)-88.60157(%7)+4,655.26110(%Ed) 0.81
G. trabeum %V MOR=595.26-7.2148(%V) 0.33
%7 MOR= 62252 -6.5499(%Z) 0.48
%Ed MOR=613.13-3.886(%Ed) 0.43
%V, %7 MOR= 647.10236+24.26543(%6V)-20.78995(%Z) 0.60
%V, %Ed MOR=650.82282+46.26476(%6V)-22.44775(%Ed) 0.62
%7, %Ed MOR= 641.80421-40.75671(%62)+22.74398(%Ed) 0.58
%V, %7, %Ed MOR= 653.91218+81.72993(%V)+36.67327(%7)-60.64270(%Ed) 0.62

*I%V, %7, %Ed, and MOR represent percent reduction in stress wave velocity, wave impedance, dynamic MOE, and modulus of rupture.



Table 11. Continued

Correlation
Fungus Predictor Regression equation coefficient
F. palustris %V MOR=556.19-26.058(%V) 0.56
%Z MOR= 626.29-24.079(%Z) 0.69
%Ed MOR=594.17-13.369(%Ed) 0.64
E %V, %Z MOR= 790.12633+89.19300(%V)-88.88287(%Z) 0.83
%V, %Ed MOR= 782.26542+172.71186(%V)-90.23413(%Ed) 0.82
%7, %Ed MOR= 742.67357-133.4659(%7)+66.21068(%Ed) 0.79
%V, %Z, %Ed MOR= 794.71860+124.26928(% V)-58.29986(%2)-33.93252(%Ed) 0.84
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Table 3. Ao W& 2AHAY AFFE(kg/ar) 54 23}
3

2 4 5 6 7 8
A - 587 498 472 369 455 -
B 611 479 480 427 500 517 615
C 500 494 488 501 492 479 565
D 527 481 467 344 461 482 599
E 481 404 35 54 144 530 574
F 532 428 20 16 65 580 620
G - 516 372 262 457 554 -
® MO distribution ® Density distribution & Strength distribution
(%) (z/em’y (k/cm’)
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4. Drilling Resistography 74dt
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T 7 —
A A | o A% (mm)
D? : 554 ~ 770
7% 6 4 )
L” 8155 7 8,290
D : 570 T 798
ER 6 2
N L : 13,765 ~ 13,882
D : 474 7 608
TH 6 2
L 19625 ™ 9,686
A 18 3 -

a ! Diameter, b : Length
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