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SUMMARY

1. Research on the actual condition

Woody erosion control construction is soft and environment-friendlly compared
with concrete and steel, but it has weakness such as wood decay, life and so on.
Recently, environment—friendlly erosion control works is demand, and wood is
excellent as cycle materials in recycling of construction materials, therefore wood

use must be expand actively.

2. Hydraulic Model Experiment for development of environment-friendly woody
erosion control dam

Sediment-related disasters caused by heavy rain, such as landslide, debris flow
and so on, have happened every year, and the structured soil and the water
conservation measures to secure life space are in demand, because the activity of
human extends to the hazardous area in forest watershed where the
sediment-related disasters occur. Especially, before the erosion control facilities are
installed to prevent the sediment-related disasters, the microtopography of channel
bed and the channel bed fixation by erosion control facilities must be predicted,
and the effects of erosion control dam on channel bed fluctuation analyzed.

For this purpose, the effects of channel bed gradient, the outlet shape of
low-dam and the existence of sediment inflow on channel bed fluctuation were
analyzed with hydraulic model experiment. The results of this study are
summarized as follows ;

1) When no facilities were installed, the deflection of discharge occurred more
rapidly at upstream in 109 gradient, the scour depth increased as the degree
of discharge concentration increased, and the channel shape was simple and
straight.

2) Fluctuation area in cross-section by construction of low-dams is,

@ If only water was supplied into 104cr’ of outlet at 6% gradient, the

construction of 2, 3 and 5 of low-dam decreased the fluctuation area to
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1/26, 1/8 and 1/9, respectively, than no facilities were installed. If water
and inflow sediment were supplied, decreased to 1/13, 1/36 and 1/40,
respectively.

@ If only water was supplied into 200cr of outlet at 6% gradient, the
construction of 2, 3 and 5 of low-dam decreased the fluctuation area to
1/10, 1/9 and 1/18, respectively, than no facilities were installed, If water
and inflow sediment were supplied, decreased to 1/14, 1/24 and 1/36,
respectively.

@ If only water was into 104cr’ of outlet at 10% gradient, the construction of
2, 3 and 5 of low-dam decreased the fluctuation area to 1/3, 1/23 and
1/14, respectively, than no facilities were installed, If water and inflow
sediment were supplied, decreased to 1/6, 1/20 and 1/5, respectively.

@ If only water was supplied into 200cr of outlet at 10% gradient, the
construction of 2, 3 and 5 of low-dam decreased the fluctuation area to
1/4, 1/5 and 1/15, respectively, than no facilities were installed, If water
and inflow sediment were supplied, decreased to 1/3, 1/14 and 1/31,
respectively.

3) Scour area and deposit area variations by construction of low-dams are,

@ If only water was supplied into 104cr of outlet at 10% gradient, it was
more effective on the reduction of scour area and the widening of deposit
area.

@ If only water was supplied into 200cr of outlet at 10% gradient, it was
more effective on the reduction of scour area and the widening of deposit
area.

@ If water and inflow sediment were supplied into 104cm of outlet, the
reduction of scour area and the widening of deposit area in 10% gradient
were similar to those in 6% gradient. It was most effective when the
low-dams were constructed over the whole channel bed(L’/L=1).

@ 1If water and inflow sediment were supplied into 200cr of outlet, the
reduction of scour area and the increase of deposit area in 10% gradient

were similar to those in 6% gradient. It was most effective when the 3
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low—-dams were constructed(L’/L=5/5).

4) Sediment yield variations by construction of 2, 3 and 5 of low-dams are,

@ If only water was supplied into 104cr of outlet, the construction of 2, 3

and 5 of low-dams decreased the sediment yield to 1/20, 1/11 and 1/40,
respectively, in 6% gradient than no facilities were installed, and 1/9, 1/18

and 1/54, respectively, in 10% gradient.

@ If only water was supplied into 200cr of outlet, the construction of 2, 3

and 5 of low-dams decreased the sediment yield to 1/17, 1/24 and 1/38,
respectively, in 6% gradient than no facilities were installed, and 1/7, 1/20,
1/48, respectively, in 109 gradient.

If water and inflow sediment were supplied into 104cr of outlet, the
construction of 2, 3 and 5 of low-dams decreased the sediment yield to
1/26, 1/28 and 1/41, respectively, in 6% gradient than no facilities were
installed, and 1/9, 1/19 and 1/52, respectively, in 10% gradient.

If water and inflow sediment were supplied into 200cr of outlet, the
construction of 2, 3 and 5 of low-dams decreased the sediment yield to
1/22, 1/24 and 1/74, respectively, in 6% gradient than no facilities were
installed, and 1/8, 1/15 and 1/59, respectively, in 10% gradient.

3. Field application of woody erosion control dam

Small woody erosion control dam was constructed in mountainous stream,

Experimental Forest, Kangwon National University for analysing influences of it

on stream bed fixation and stream environment.

The dam is made of thinned logs of Larix leptolepis and it is low-dam series

with a groundsels shape, three of low-dam was constructed methodically. The

standard of each woody erosion control dam is as follows.

Dam Qutlet
Upper Lower . Upper Lower
No. strength(m) | strength(m) Height(m) strength(m) | strength(m) Depth(m)
1 14.00 9.00 1.60 6.88 4.96 0.96
2 13.00 7.00 1.60 6.88 4.96 0.96
3 17.00 11.00 1.92 8.96 7.04 0.96

,12,



4. Influences of woody erosion control dam on stream environment

This research was conducted to investigate influences of woody erosion control
dam on stream bed fluctuation, stream water qualities and aquatic insects. The
results of this research were summarized as follows, Woody erosion control dam
was effective on stream bed fixation and pH, conductivity and suspended solids
were not affected much by woody erosion control dam. Also, aquatic insects was

not affected by construction of woody erosion control.

5. Bending strength assessment of Larix logs by nondestructive evaluation

techniques

In forest products industry, a variety of nondestructive evaluation techniques are
now being used to assess the mechanical properties of structural lumber.
Ultrasonic and longitudinal vibration technique are frequently used to assess the
modulus of elasticity(MOE) of lumber. The objective of this research was to
evaluate the MOE and modulus of rupture(MOR) of small-diameter of Larix
log(Larix kaempferi Carr.), using these techniques. In this study, 50
small-diameter logs were nondestructiveively evaluated. The dynamic modulus of
elasticity(Eu) of the logs was first evaluated, using an ultrasonic method. After
ultrasonic tests, the logs were measured using a longitudinal vibration
technique(Ev). Static bending test was then performed on the logs to obtain the
static modulus of elasticity(Es) and modulus of rupture of these logs. In general,
the dynamic MOE (Ev) of logs was closely correlated with the static MOE for
log. Based on the results of these experiments, it can be concluded that
small-diameter Larix logs can be successfully evaluated by Ultrasonic and
longitudinal vibration technique. The experimental results indicated that the
ultrasonic technique is effective to the log, which contains many knots. The
longitudinal vibration technique is effective to the log, in which many cracks are

included.

6. Determination of localized defects in wood by the transfer time of ultrasonic

digital

,13,



The characteristics of ultrasonic wave are that the directivity is good, and the
speed is constant if the quality of the lumber is same but is changed, if different.
The ultrasonic wave transits to a long distance in material and keeps a constant
speed, even though temperature is changed. Therefore, the ultrasonic wave is
generally in the non-destruction test.

In this study the wood defects were investigated with the non-destruction test

internal. The passing speed of ultrasonic wave in material is delayed by many
different parts, and then compared with those in sound wood.

The experiment results are as follows;

1) The speeds of ultrasonic wave decrease, as the knot sizes increase.

2) When the ultrasonic wave passes the ruptured part of wood, the speeds
decrease. However, the ruptured part can not be detected by the pundit, if
the rupture was formed in the same direction as the ultrasonic wave passes.

3) T4 is the best in methods, which detect the ruptured part in wood. But there
is a disadvantage that it can examine only the limited area like the rupture.
T3 can examine a large area, differently from T4. therefore, T3 was used to
detect the rupture in wood and then T4 to detect the exact place of the

ruptured part.

7. Effects of Post Individualities on Treatability of Small Diameter Japanese Larch

(Larix leptolepis) with ACQ and CCA

This study investigated how wood properties (i.e., annual rings, sapwood,
heartwood, and cracks) might affect preservative treatment in Japanese larch
(Larix leptolepis) round-wood product. We specially focused on small-diameter (~
10 cm diameter) wood that is commercially sold in market. Among 100 wood
samples, the groups of sample with 13-16, 17~20 annual rings represented 33 and
27 in each frequency, while 2~3 and 4~5 mm annual ring width accounted for 72
and 68 in frequency. More than a half (54%) of wood samples contained a mix
of heartwood and sapwood in its surface. The rest (46%) had only heartwood
exposed in the wood surface. A wide range of checks were showed in the wood

samples, but the highest frequency was observed in samples with 1-6 surface
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(1-14 mm in size) and 1-4 end-grain (8-14 mm in size) checks in each
round-wood sample. Pressure treatment resulted in a wide range of penetration
of ACQ into the wood, showing 4.3+4.19mm penetration in the wood samples
contained a mix of heartwood and sapwood in its surface. However preservative
treatment was much less effective for the heartwood only wood samples, ranging
average 1.3mm with ACQ and 1.1lmm with CCA. These penetration results shown
in heartwood samples did not meet the penetration standard that is required for
H3 by the Korean Forest Service in relation to wood preservation treatment.
These low penetration results were not significantly improved even if we incised
wood samples to improve treatment effect, showing only small increase of 0.7 mm
with ACQ and 0.6 mm with CCA. When preservative treatment was tested with
heartwood, penetration of preservatives decrease with increase of annual rings per
a cross—section area (r=0.5345). We also found that the length and number of
check had no effect on preservative treatment, showing r=0.1301 and r=0.1802,

respectively.

8. Bending strength assessment of incising treated Larix peeled logs

MOE by peeled is not much different, when logs was processed into peeled
logs. However, MOE decreases by 20,000 kgf/cm, when preserved by incising
treated logs. If comparing MOR through bending test, MOR of logs is 1.08 and
there is not much difference. but MOR of incising treated logs is 0.77 and the
strength decreases by about 23%. In rupture starts at the lower part to which
tensile strength was given and progresses following the grain. Expecially, when
knot i1s included or the diameter of knot is large, rupture starts at knot. It is
known that knot affects strength much. Therefore, it is necessary to complement

the decrease of strength in incising treatment.

9. Deformation behavior of model log check dam with horizontal loading test
When deformation caused by constant load in the wood check dam Type A and
Type B connected with an iron bar was analyzed with picture processing, upper

part is deformed more. The log check dam Type A is deformed 1.55 times more
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at the upper part and 2.58 at the lower than the wood check dam Type B is. In
the log check dam connected with annealing wire Type I and Type III show the
similar deformation at the same load. However, Type II which is different in
stretcher combination at the middle and lower part shows 05 times lower
strength, compared to that of Type I and Type IIl. If Type I was compared with
Type III, the difference of deformation is not much, and stone does not affect
deformation much.

Because in the log check dam the deformation occurs more at the upper part
than at the lower, support member must be used at the upper part. Also, the base
part is important in the log check dam and must be strengthened. If comparing
strength according to connector, the wood check dam connected with an iron bar
is stronger than that with annealing wire. However, because it is difficult to
construct the log check dam is necessary to develop connector of header and

stretcher which are strong and easy to work.

10. Adoption method of erosion control dam using wood characteristics

The most important thing of wood characteristics in use of wood on erosion
control dam are (O properties of change by time, @ good environmental property,
@ strength properties, @ workability, & economic efficiency and so on.

The plan of woody erosion control dam carry out in order of @ clarification of
adoption purpose, @ first selection(assessment of environmental characteristics), @
second selection(assessment except environmental characteristics), @ extraction of
woody erosion control dam, and it must manage in consideration of water surface
of structure or change of mountainous stream. Also, plan of woody erosion control
dam must be familiar with resident’s life. Meanwhile total working expenses of

woody erosion control dam was ¥22,261,000won.
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g5 o = o) 7§ (xi) Xi—x (xi-x)* v 1L
1985 98.30 -45.31 2,053.00
1986 83.90 -59.71 3,565.28
1987 131.30 -12.31 151.54
1988 38.70 -54.91 3015.11
1989 113.50 -30.11 906.61
1990 276.00 132.39 17527.11
1991 167.00 23.39 547.09
1992 232.00 88.39 7,812.79
1993 91.50 -52.11 2,715.45
1994 105.50 -38.11 1,452.37
1995 170.50 26.89 723.07
1996 81.50 -62.11 3,857.65
1997 119.00 -24.61 605.65
1998 185.50 41.89 1,754.77
1999 159.00 15.39 236.85
2000 110.00 -33.61 1,129.63
2001 156.00 12.39 153.51
2002 167.50 23.89 570.73
2003 164.00 20.39 415.75
2004 171.50 27.89 T77.85

206 A 2,872.20 49,971.84
H 1 (x) 143.61
O &3 AL

oA 20 o MIE A (k50) : 2.592
o 7] &2 1 X=rxkxx

0 WIS x= 2872.20/20=14361

2} r=(49971.84/20)"?=49.99
Wl &= X| =rxk+x=273.184mn/day
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= 790l 583mE M B2 A9t HASATHIH 3-4-12)
20024 2003
700 700
600 578 600
B 500 2 500 F 196 464.5
E400 ¢ Ea00 f
Bam | B0 ¢

o0 f 153 148

100

19 29 3¢9 49 5¢ 6¢9 7€ 8¢ 99 10¥€ 11€¥ 129

700
600 |
500
400
% 300
R 200

100

19 29 39 49 59 6¥ 72 8¥ 9¥¢ 102 11¢¥ 129

a7 3-4-12. 20029 ~2005d 9 A9 X

200230l 8Y 6% 1675mm, 8 7¢ 161.5m7F EAEe] F 329me] HF 97}
WE oy, BE TFAN 9 9ES we 8¢ 31¥ddE 625mE FaierA 9] 890mmel
Hahd Atz o Ao 497 ok w3 20039 = 7¥ 229 164.0mm, 8€ 24

2 E3ato] 100mmol ] A7k 33 Ao, HF
Tojo] ) o] QJ3ks e 99 1290& 350me] &7 HAste] o] A IL HF [F
Abyoop el o] geks wx] e AL 4 5 AU
d 171.5mm= 100mme] o] 297k 13wt dAsiglon, Aq 54
Apkeio] 377 @ 20059elE 6 27¢ 123.0mn, 7€ 19 108.0mm, 7€ 28%
114.5m, 8¢ 132.5mm, 9€ 13 1150m= 53] A&t of2 o] ¥3] 100mm ©] 4]

A9k gl mAEe
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3 3-4-1. 2002 £ 9

Q] 7)o 7)o

270 7T 7o
Al | 197 | 19149 | 12159 | 1916 | 19179 | 1920 | 1€26Y
75 =(mm) 3.7 0.5 20.0 13.0 0.7 4.0 1.0
LA 1/27 14930¢ | 29174 | 3¥5¢ 3969 | 3910¢ | 3915¢
77 = (mm) 1.3 0.3 1.5 2.0 0.7 0.5 0.5
FTAAl | 3¥21Y | 3930Y | 496 | 4912 | 4€16Y | 4929¢ | 4€304
&5 #F(mm)|  17.0 8.0 28.5 6.5 31.0 30.5 51.5
LA 5434 546 59479 | 5915¢ | 59169 | 5€17¢ | 5918Y
5% (mm)]  13.0 4.0 29.5 3.5 8.0 0.5 16.0
Al | 5269 | 5930 | 6210 | 6912 | 6€209 | 6923 | 6€24Y
2% & (mm) 15 2.0 28.5 14.5 12.0 0.5 4.5
Al | 6930 | 7H2d | 7E5Y | 7Hed | 7E7d | 7913 | 7€14Y
&= (mm) 2.0 7.0 58.0 29.5 2.5 13.0 26.0
Al | 7TE169 | 7E17Y | 72199 | 79209 | 7229 | 7923Y | 8€3d
&5 =(mm) 0.5 2.0 38.5 1.0 39.0 59.5 0.5
35D Al 8949 | 8¢5Y | 8¢€6d | 897d | 8¥€8Y | 8¢€10¥ | 8€11¥
&5 #F(mm)|  21.0 51.5 167.5 161.5 4.0 7.5 11.0
U] | 8¥12¢ | 8€¥14¢Y | 8¥16Y | 8¥22¢ | 8923Y | 8¥27Y | 8¥31¥
-7 % (mm) 5.0 0.5 1.5 55 15.0 63.5 62.5
A9 | 9919 | 99129 | 99159 | 9€21¢ | 9¥€28¢Y | 99299 | 9€30d
5% (mm)] 315 6.5 1.0 3.0 1.0 13.5 15
Al 10929 | 10939 | 10959 | 10€6Y | 10€13Y | 10¥€15¢ [ 10€21¢
2% & (mm) 45 15 14.5 19.5 0.5 15 15
Al 1109269 | 11979 [ 11917 | 11920 [ 119299 | 12974 | 12948Y
7= (mm)]  22.0 1.0 1.0 1.0 1.5 1.0 7.8
U 129159 [ 129169 | 129923 | 12924 | 129259
7&-5- = (mm) 0.5 3.0 6.0 15 0.5
E 3-4-2. 20039 =9 dATH=
Al | 193 | 1917 | 19229 | 1926 | 1927 | 2€¢8Y | 2€10Y
-7 =(mm) 19 52 1.2 1.0 44 79 1.0
FTAA | 2€11 | 2€913Y | 29199 | 2921 | 2€22d | 2923 | 2€¥24Y
-7 = (mm) 0.7 0.4 6.5 7.5 18.0 0.8 0.2
A9 | 3919 | 3¥2dd | 393d | 3€6Y | 397Yd | 39169 | 3€17H
77 % (mm) 2.0 2.0 3.5 3.0 2.5 14.5 0.5
Al | 3€25 | 3927 | 497 | 4€8Y | 4€9d | 4911 | 4€18Y
2% & (mm) 1.0 8.0 55 24.0 6.0 15.5 31.0
T AAl | 48199 | 49209 | 49229 | 49923 | 49259 | 49294 | 4€30Y
2% & (mm) 7.0 4.5 2.5 13.5 31.0 45.0 0.5
Al | 5E6d | 597d | 5¥25¢ | 5930 | 6€6d | 6911 | 6€12Y
&= (mm) 9.5 1285 55 9.5 75 10.0 25.0
Al | 6¥€14 | 6915 | 62169 | 6923 | 6249 | 6925¢ | 6€27Y
-7 = (mm) 0.5 5.5 0.5 14.5 2.0 3.0 66.0
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F5-AA | 69€928Y | 69299 | 7€1Y | 7939 | 7¥€6Y | 7€9Y | 7€10¥
A ZF(mm)| 1.0 125 5.0 22.0 75 845 25
F-LA] | 7E129 | 79139 | 7916 | 79174 | 7918Y | 7¥€19¢ | 7¥22¢
ZS-ZFmm)| 25 1.0 105 15 59.0 55 164.0
A | 7923 | 79249 | 79259 | 7927 | 79289 | 7¥€299 | 8¥2Y
7+S-2F(mm)| 85 85 15 13.0 195 95 45
F4-Ax | 8€3d | 8¢5 | 8¥€6d | 897 | 8910¥ | 8¥11Y | 8¥18Y
742 (mm)| 15.0 7.0 19.0 275 25 165 55
F5-dA] | 8€19Y | 8¥20¢ | 8¥22¢ | 8¥23Y | 8¥24¢ | 8€¥25¥ | 8927
7$-2F(mm)| 365 36.0 05 34.5 120.0 43.0 72.0
F5-dA] | 8¢E28Y | 8¢¥30¢ | 8¥31¢Y | 99¥2¢ 9¥3d 94¥5¢ 9474
A ZF(mm)| 2.0 155 7.0 30.0 65 10.0 75.5
FedAl | 998y | 9¥€9Y | 9€¥€12¥¢ | 9€13Y | 9€18Y | 10€1Y [10¥12¥
72 (mm)|  50.5 335 35.0 175 1345 15 4.0
5-A A 109139 [ 10917 [ 10921 [ 109229 [ 109259 [ 10928 | 1197
ZS-F(mm)| 75 15 1.0 05 25 165 7.0
A [119119 [ 119129 [ 119209 [ 119259 [ 119279 | 11928 | 11929
¢ ZF(mm)|  13.0 7.0 9.0 35 1.0 3.0 4.0
F4-Ax | 12959 | 1296 | 12917 [ 12929
A ZF(mm)| 15 6.0 1.0 05
¥ 3-4-3. 20049 %9 A=
75 A 1929 | 19129 | 19174 | 1€918¢ | 1€920¢ | 2¥5¥ 2464
A9 (mm)| 35 55 35 15 2.0 1.0 2.0
A5 | 2914 | 2€21Y | 29224 | 299259 | 29€28Y | 3¥€4Y 3954
A9 (mm)| 3.0 195 33.0 05 35 9.0 05
A5-AA] | 39179 | 39309 | 4919 | 4929 | 49199 | 49229 | 4926
7S (mm)| 45 3.0 65 2.0 95 115 40.5
A5-AA | 49279 | 5¥29 | 59€3d | 5949 | 5¥€9¢ | 5¢€10¥ | 5€¥12¢
72 (mm)| 11.0 05 19.0 1.0 315 25 225
FedA | 59139 | 5918Y | 5¥20Y | 5¥€21Y | 5€¥27Y | 5¥28Y | 6¥8Y
A ZFmm)| 1.0 3.0 11.0 26.0 2.0 60.0 05
AAx | 69179 | 69199 | 69209 | 6921 | 69229 | 6¥€27Y | 7H1Y
7 (mm)| 195 795 22.0 21.0 35 15.0 55
A | 7929 | 7939 | 79€49 | 7959 | 7¥€6Y | 7979 | 798Y
A ZF(mm)| 7.0 6.0 415 5.0 4.0 52.5 5.0
AS-AA | 7811 | €129 | 79139 | 7914 | 7915 | 7€16Y | 7E17Y
A9 ZF(mm)| 9.0 1715 76.5 15 29.0 89.0 69.0
FS-AA] | 78209 | 7€25¢ | 898U | 8¥13Y | 8¥14¢ | 8¥16¥ | 84174
A ZF(mm)| 05 11.0 12.0 6.5 1.0 31.0 25.0
F5-dA] | 8¢¥18Y | 8¢¥19¢ | 8¥23Y | 8¥26Y | 9¥€6d 09749 | 9¥€11¥
7+$-2(mm)| 495 385 1.0 1.0 12.0 125 405
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A-AA | 9¥€12¢ | 9¢€13¢ | 9¥€15¢Y | 9€¥16¥Y | 9€18¥ | 9€20¥ | 1091
745 (mm) 63.0 9.0 05 425 10.0 17.0 15
A-dA 109129 | 11€91¢ | 11¥€2¢ | 11¥€5¢Y [11€10¢ |11€11¢ | 11¥26¢
75 % (mm) 1.5 1.0 9.0 3.5 10.5 3.5 195
Ae-AdA | 12€94d | 12969 | 12€15Y
752 (mm) 20.5 35 10.0
¥ 3-4-4. 2006@ =9 dF¢A=
Fe-AdA | 1939 | 19189 | 1€¥29¢ | 2€8Y | 2€15 | 2€916Y | 2€19¢
752 (mm) 0.5 1.0 15 3.5 15 20.5 15
Fe-AdAl | 2922 | 3¥€2d | 3€10¥Y | 3¥€¥11¢Y | 3¥17Y | 39229 | 3923
5% (mm) 28.5 0.3 10.0 6.5 9.0 45 1.0
F-AA | 3€24Y | 4¥€3Y | 49€6Y | 4999 | 49€10¥ | 49129 | 4918Y
7 $-#F(mm) 8.0 1.0 8.0 25.0 29.5 6.0 3.0
Fe-AdA | 49199 | 49209 | 49€27Y | 595 | 596Y | 5¥9Y | 5¥11¥Y
7% (mm) 185 10.0 0.5 2.5 30.5 6.0 3.0
Fe-dAl | 59129 | 5917 | 5918Y | 6€2d | 693Y | 6910 | 6915
7S5 (mm) 0.5 9.5 15.0 5.0 0.5 175 10.5
F-AdAl | 69169 | 6926 | 6427 | 6928 | 6920 | 7€1d | 7€3Yd
7S5 % (mm) 2.0 50.5 123.0 0.5 30.5 108.0 30.5
FeAdA | 7E7Y | 7¥€9Y | 7€11Y | 7¥€13Y | 7€¥24d | 7928 | 7€30Y
75 % (mm) 4.0 24.5 31.0 14.0 155 114.5 15.0
Fe-AdA | 8¢91Y | 8¥2d | 8€3d | 894 | 8¥7YU | 8¥8d | 8¥9Y
7 5-#F(mm) 65.5 5.0 42.0 2.0 45 1.0 15
Fe-dAl | 89109 | 8911 | 8¥12¢ | 8¥€17Y | 8¥18Y | 8¥19Y | 89224
%% (mm) 34.5 132.5 155 26.5 12.5 41.0 185
Fe-AdA | 8924 | 8928 | 826 | 9€2d | 994 | 9¥€9Y | 9¥13Y
7% (mm) 17.0 66.5 1.0 10.5 0.5 3.5 115.0
Fe-AdAl | 9914 | 9917 | 9918 | 9¥€21Y | 9€¥22d | 9€24 | 9¥30Y
75 % (mm) 15 53.5 55 60.5 2.0 175 70.0
A A 10919 | 1097¢ | 1098¥
&9-#(mm)| 34.0 285 1.0

Y 3-4-13 AFUAA ST %

H} =]

o

- 110 -




A A S ZE HAATAE Ae R EA HH81 o] EAY ol BE
AFRE BYAT BebA f5o BRAG o8 FERo] RESE AYHAAE
FHom FaA HAY Aol WA, Aol WAL fEAssL WA
5 gtk 2FBAAEAS AFH BAAT APAEL stetets] A FUE S
22120054 59, 20051 98) AAske] FWA A - F APAEL vl - B3}
th SL-1~SL-4% AFANTFRORE Aol oz ofFold JUEFS WA HA
FAT, 1 9o FHL SmE AESHOR AT, BANEY ABEHLE AL
WES AUelAl vota] S8 F7ho] wEAAS Agelel 2 AT

Zegv), SAAE 20 od) B4k 45 F2 oEste] 24

o,

A
i
%

o,

ol

2L

6, = A3 3-3540A = &t
B AgREel HASATE I HAAER 39 e FA 183 A, =4l

H(cm)

H(em)

L(m) L(m)

SL-11 SL-12

H(em)

L(m) L(m) L(m)

- 111 -



SL-14 SL-15 SL-16
10 15 20 25 30 35 10 10 15 25 30 35 40 30 35 10
Ir] ]
= =
L(m) L(m)
SL-17 SL—18(ZAAPEe 3 48h) EAAPL
150
100
50
0 .
40 ) 15 24 25 30 35 40 5> 10 15 25 30 35 10
B E E
= T =
L(m) L(m) L(m)
SR 3-1 S -2 AR 3-3
30 35 10 10 20 25 30 35 40 25 30 35 10
T T
L(m)
HA 2 23 A 2 2 e
10 15 20 25 30 35 10 5 10 15 0 25 30 35 10 25 30 35 10
T T
L(m) L(m) L(m)
AP 2-2 BAAbER 2 BAARYR 24
25 30 35 10 10 15 20 25 30 35 10 25 30 35 10
z z
= T
L(m) L(m) L(m)
A 1 Aok AR 1 4
25 30 35 10 30 35 10
E
L(m)
2 2-4-— =z } ] 0101 1 7y =1 &y ]A]—ZE]:
a9 3-4-14. ZAFFZEA QoA ZF S48 Y AlNSE 4

- 112 -




]

(2003. 8) (2004. 8) (2005. 5) (2005. 7)

a9 3-4-15. FA4 1~FA 7l oM ARAIZIE A

- 113 -



(2003. 8) . (2004. 8) (2005.5) (2005. 9)

18 3-4-16. 24 8~=4 149 doJA] ZAA 7| AT

- 114 -



(2003. 8) (2004. 8) 20. 5) (005. )

a9 3-4-17. 4 15~=4 239 QoA ZARA7|E AAFAE

- 115 -



= o ¢ A T

i o J* i F T =

(2003. 8) (2004. 8) (2005. 9) (2005. 5)
19 3-4-18. =4 24~Z=7 289 Qo)A FAMA 71 E A A

<EAH 3>

(2005. 9)

- 116 -



(2005. 5) (2005. 9)

19 3-4-19. HAAEE 3 SR A dH

- 117 -



<EAE 2 AA>

- =

(Q005.5) (2005. 9)

a9 3-4-20. BAAREE 2 TR AN A

- ""lu-.
o

- 118 -



_ 0 .
(2005. 5) (2005. 9)

a9 3-4-21. BAAREE 1 TR AN A

- 119 -



0
il g

I
]

i

A7F & w

Hr

Bl

ahr}) oL

&

T

t, 10 o] Ao

S

il

Hr

Hr

o A}

1
.

ot

xé %)

es

el

|

pul

3t A

SEEEE

AP
A

A 139 29

H} i

=4}

= et webd o] ke A

ol

2.0003} 2.700

o
QAe 77}

T

fse)

&

F2 2ARA 2 A9 )

Cu7t 6.303<

A AFH

=1

L

Tt &}

i

pul

2 AR 13 200 Bla

OS2 eyt
OS2 ey

I

3.399
0.824

AR
6.303
0.901

10.995

0.724

10.160

5 AT (Cu)

0.600
2.000

A(Cg)
147 (Do)

[l

0.950

0.400

2.700

5 Aby

SR

3

AAPE S 13 200 ]

L
=

]

o

UK

ol

el

2

el AAEI

=7
L

Aol BAL AXNUA H@A

o] A

oAt

[

stol %

[€)

)
5

iy
Y
w

b

il =2l Al

9]

o

webA] A AT Aoz A

bl wWEes W) )

o

- 120 -



Aol siel g e A
Wl gpel @ Aoletn Bk

100 voro 100 .
- / o /
~ o
En En)
o 60 o 6 /
TH 50 2 ¢ /
T 40 T 40
M 30 / T‘: 0 /
B o y
10 / 10
Qo1 010 1.00 1000 10000 Q01 010 1.00 1000 10000
4 %) A7)
<EAAE 1> <E A A 2>
100 00000 100 L
P - @ F /./'/.
~ D ~ &
O O
o 60 - o 6 -
T 50 T % |
R T o4 -
™ 0 ) 0
o Mo o | /
10 J 10
Qo1 010 1.00 1000 10000 001 010 1.00 1000 10000
4 78(m) A7)
<EAAY 3> <HEZ 2~ 9>

A

Ris

29 3-4-220 HAAPEE 1-2- 3% MEYS | AN AREA e d47H

K

- 121 -



I 43](2004 4€ 16¥, 6

7] 93

o}
h

ﬂ

=} O
Eia=y

%3

1=

3

= A A slo] AF Aol v
9 2, 6¥ 27, 9¢ 16¥)°l 24 pH, EC % SS&

€]

e

ay 3-4-23% %
H)l 8214, SAH

¥ pH W3le=

A4

=
T

Hrel 7AA, SAW 29

Aol QoiA A

A< 39

o

Hr
o

| etol Ale

=

—
o

o)

H

2kl 10 - 11 - 12A41 - 3 HA| AL

&7 539 pH

A3 29 3-4-249}

3

H| 1l
Aol tehgov], AAH0E

=
=

g

ﬁo
B

—

<
i+

%
—~
o

Loz

H 6.00~6.50%1 2kt

= D

o FE

Ao R e

1=

H| X

A
N

=

of

o}J

el
00

7 2005.9.16

2

2005.6

6.2

2005

2005.4.16

.00

7

6.50

00
5.50
5.00

6.

A

7 —4—8 <9 —x—F

(10,11.12) |

it

948

(5) —=m—

[—®=

RS

S ——

[ &F

A -

ARl Y

6.60

6.40

[02005.4.16 &2005.6.2 W2005.6.27 £12005.9.16 |

¥ 3-4-23. ZF A

w7z A EC WSt

= 19 3-4-259 #r

AEA el glo]l ECe w3}

dxE e AR 2 Aol fle AL® yEhEo, 123.0m ]

| F A3 Ege) olgo] gado]l ARE FUYHUA &

3]

279l = 5ol e

10 - 11 - 1224 A
=77F 5X 3 9 EC

rel

N

Fel ECgtol wlal

7}3]

=
©

o] & 2ol

=
=

[e]
T

7-8-94%, 3719 BAAYAL B

aRal

A AR

i
=

kL,

- 122 -



=]

oz EC7F <tAdd gt

7zl %

Gl

L
.

80

60
0

20
0

(woysit) O

2005.6.27 2005.9.16
o

2005.6.2

2005.4.16

3}

—A—8 ——9 —»—fF 3y (10,11.,12)

7

[—%=% () —=

T —

S

e |
e
S --—
 —
C——
S ——-
—
|
A ———

S ——
e |
Cm——|

S -——
e —
emm——

S—=———=—wW
e |
e

A

 ————
esms————|
A -————|

A ———

LTI - 7

(w/s7) DA

A %

7

Al

2005.9.16

‘EIZUOS.:I.IG 72005.6.2 @2005.6.27

ECH

i

:}

’

=]
=

o

=
T

dl

1% 3-4-26.

EC A3}

)

S
=4

¥ 3-4-25. 7F A

)

—

|

=)
1
~n
all
-
el

TR

A
X

~

o7

fife)

a2y 123.0mme] 7

Aol7h 9 e ety 3-4-27).

I &

14

A

|l

o}

gl

BH

el

A A}

o
=
_H

1]

S

FEA EAbo] o] WAy

=7}3
I

2ol
o

Ny

A

]

171 R

o= ]
X

gl

FRE ol %

S

ol Al 9

Anr

=t
=

H o
T
ﬁ‘l—

’

59

A

o7 FIdHTH(IYE 3-4-29).

g

o]
<

A AFH

Ll
=

q ’

i

2005.9.16

005.6.2 2005.6.27
17
7 —a—8 =0 —x—

2

2005.4.16

0.15

g (10.11.12) ]

i

= (5)

[=—=

02005.4.16

0.15 r

0.05 r

&

¥ 3-4-27. AFAH

- 123 -



R E

ATUY AAATA REFE FALF FRE A2 G NZARE 3
57 91sh vhd 49RE 9

hoeAEEe AR 2 B

A/d Fe 19 3-4-299F o] Grab¥ FFAYTL o] 3}
4

5%k NLLIE T0%F o g3ke] AT F HPUE Lwstel FHRAL £ B
4 G FARFE ARANAL oG] AAFE 54 HHE BRAUG

€ Grab¥} 4 &A%

2004 4€5¥ 20043 9€7bA 9 134 A 2ALE AAste] A
shpatol ) Ay, Aryy, ey 3 gefog FR A9, e FAZ
T ZAAA Aoﬂﬁ a4kl & 43uky], FxbEl & Sube], YRS 16wk, v s 1
nhe] § & 65k 7t 2H7<15‘:]°;151 ZAA A Bell A= shakeol &5 37vbe], A= s 3vf
7, e=dE 2t S 72\4&17} AR o™, ZAAH CoAlME a4y 67
nhe], e 5311}31 % 120mbel 7 AR EHAT B ZAA A DelA = oAt
ol & 15wk, Y& 2014?4 85 4ute] T F 391:}817}, g ar 2ARA A Eofl A
shakol & 10vbe], G e s 4ntE], s & 9ute] § & 23vhe] b A H A
I 20051 495FE 2005 997bA wiE 13]4 ‘&WZA}E AAlske] A [ A
Faol B A E AR drdE 9 dEnon Bid Ay A¥A
&A}XW Adll A shakol & Alwke], el & 5ube], G R E 1501, v}

% 62nte]7F AP HAL, 2AA A Bell A= shFAtolE 35w, =
%EEH% 29vte] 5 & 66mbelvh AFEHA oW, ZAAA CAlA = shFake]

ro"
S
X
R
ofj
o

e

H
rl

I
2 ol
ftlo
ol
—|~

rd
ofy

Bl GRS
Biie
)
M rlo

[\
d

-

Ac

- 124 -



= 63kl BRdE dnke] 5 & 116vkelst ANEAG £@ 2AAT DAAE

FAolE 15vhe], dral® 1geke] el % 4vhe] 5 F 37vhelsh, delm 2AAA E
N SHER grtel, YEAS 4ok, Bl Th 5 F 200est 4% A
of 1Abdmel] Hla) ofr A FATFol AYHAO, A WHAHAEL ol BA

Apgle] AFo] wAmEe] Afols 2 JFL vAA e Ao el

F 3-4-6. A Aol oM A4 A, AR el Ed hAs

N 2004 2005
AN TARE s aTealra[sa 0@ A |42 (59 [6d [72 [sa 9D ] 7
slFAtol & | 3112 | 5| 10| 9| 4|43 3[11| 5] 10] 8| 4|41
dAgE | 2| - - - 1] 2[5 2| -] -] -]1]2]5
RS -1 -1 - - -1 -1T-1-1-1 -1 -1 -1-
A gegE Tl | - a6 - | - 13015
2] & - -1 1] -] -] - 1] - 1] -] -1 -] 1
A 612 6[12][10] 9[(65]16]11] 611 9| 9|62
stEatol&= | 5] 6] 4 10 3137 6] 3 10 3[35
A2 & - -l - -1 -1 -] -1 -] - - -] -
B RS - -1 -1 -1 -13] 3] -] -] -] -] -] 2] 2
g2 14| 1| -|15] -] 2[32]13] 1| -|14] -] 1]29
v} 2] & e e e e e e e - -| -
A 19 7] 4[22]10] 6[72[18] 7 22110| 6166
ehFAtol & 11| 14] 15 10 | 67 | 10 | 13| 14 9163
A2 & e e e e e e e - - - -
RS - -1 -1 -1 -1 -1-1T-17T-1-1-1-1-71-
C [2=a= | 8| 12| 13| 11| 9] - |53 8] 11] 12| 10] 8] - |49
v} 2] & e e e e e e e e e e
A 19]26]28[20]17]10]120] 18] 24]26]19]16] 9[112
stEol= | 5] 3| 2| 1] 3] 1]15 31 21 1] 3] 1]15
A2 & e e
RS - -1 -1 -1 -1 -1T-71T-1-1-1-1-71-
D aea= 603 [ 6|5 |2 30 | 6] 4] - |18
2] & - - -] - 1| 3] 4| -| -| -] -] 1] 3| 4
A 11 6] 2] 7] 9] 4]39]10] 6| 2| 7| 8] 4|37
shpadols | - -1 2] -] 7] 1]J10] -] -] 2] | 6] 1|9
A2 & e e e
RS - -1 -1 -1-1T-1-1-17-1-1-1-1-71 -

E ER=EEE 1] 1] - 1] 1 1] 1] -1 1] 1] -

ae) 5 - -4l -1 9] -| - -1 7
l 1] 1] 6] 1] 9] 5]23] 1| 1] 6] 1] 8] 3]20

- 125 -



F S
X X
73&%
= A I~
%ﬂfﬂu _iﬂ7 F_wHA_IEL.
@Mﬂe}A& 1% e
B ® <~ X = N DY
dﬂ_#ok x]uiro ki X
S 3EE s
mﬂé Mm Hf g M mfm re M e
o LR X 5 o el [S1S
g AN . ) R209
Smwx ﬂomww_k WM 5 WM 55@%%
Coy gl ¢ MR it |3 N
o o B¢ ,_ﬂll X il X2 0
& BN o L N b=
wrm.E.A Eﬂrﬁw fo | S
7 = !
meﬂgm mroﬂczfm o sl88
) na N
%WE @Wﬂr B oA w0 % SO%M%H
ﬁnzoaﬁ.mmciﬂr.ﬂx@ﬂ ﬁr <7
o e 2 - X o
oS o Mo ofy BT o I o Iy W
E1#‘_ﬂol y,.ﬂu,lnﬂ;o,ulc*l] _L_l
4 o o W RN o No 5 Mo
o = No N o o) I 2 s <<
o © y ne - R I N -
R o) X aﬂz_. xR X N 0 R
s FET L S -
wﬂifayaﬂaewe%; <
xX T %ﬂiﬁ o F A
ﬁAO =0 ,WE‘I\I_ﬁi 1.|7A ;I._W‘Mxﬂﬂ N
ﬂuomuﬂLEmﬁ.uly e "
0 \N ‘LE ;OL H;I 1# uw Lf X = ~ M ™
T f%1§l7 T o9 el
o =+ ,Ult o o7 ﬂmuﬂﬂ‘ur EN 5 1H 55“.1”
@@zg% Mﬂ%@mﬁ¢ = |7 o3| e
—~ frang —_ o
Emﬂﬁng;wAar&%a T |3
SV LE G = = 7 I S ot
%wﬂ<ﬂ_oLmo_ﬁﬂ S i
iEh) HEW%,UF%%Zl | ,m,w ,_M.WLEW 11...#- Dm%:ul oo
Hmmxamgqm% EE )
A nOe_u G 1 ﬂu6d|ﬂa = sS|13s| <
MhaOﬂorESIﬂ X e ~
! el .
SZ < = X wo,_x & ] " ~
T R o 5 F o = &
sl f%@riﬁl L= 1
K ]AO. K M ~ ,E
R | xR N
o q m| Mo
Q
%

- 126 -



7. A AN
7}, belt-transect A St 2 FH o A x|, v A Pd A A
7Y 3-4-312 belt 1o EdsE AEF] ADAFE X5 el Aotk Az
AFEE 1Ay d9s TR BE, FZo2RE s5mAE BT R 5m~11m7HA
= 29 1lm~1m7tAl & F2, 1bm~18m7HA = F 29 18m~23m7HAl & o5
]

Ea

™

7F e AYES & 7 U AAe] 71 Wol Edsle VAP FEE FA
2 AZe wPRe o e, v wede $Pss 442 Avn
W S5 G FoA= Hm7], BoqHTt 43, S Eo] 5319 FdENIEE YERW S
o, #A5 fFRoAE Hrrie ARy zo] 532 Y Be FAVEE YE i
Aoz AHHEA belt 19X = H=717F F 1182 71 B2 EAHIEE 2o
W, EolH 7t 108, S Ee] 939 so® FHAW Y YETL
BELT
O [— Il ) Il Il Il Il
50 1 23 4 5\8 7 8 9 101112131415 16 17 18 19 20 21 22 23 24 25
100
150 |
200 t
50
800
_850 L
-400
61 EERE) =GR EES==SE=:
5+ Osad= B3 OMZeHE=
B4
5
53
Tol
1 F
0 L1

- 127 -



N

1%l 3-4-32% belt 29 Eds= AEFTY] AgAFE X5 UERA Aotk Ag
ArEE vAY @9 E PR3 BU (S50 2RE sm/AE FE2Q, 3m~5m7HA =
2, Sm~"m7A = 29, Tm~10m7FA = AR APHO] 9 =AY
oh A Aol b wel EdstE WP FRe HF fFEeoz Yegon nx
F O E sk AAS AR #5 fFEdAE wolHAvt 23], FRAAE
Vet dA oz Amum belt 204
| 53], woH, AT, &84, H=r7t 338]9] ZAWEE HATh belt 1
Boh A2 2ENEE BAAR belte] Zol7b 1lm= 770¢] beltw 7Hd & 7] w0l

o PN
S 4 F s

BELT-2

857 DL29F mE0R  OM2
3 | OsRgZ2 mEeEd OAE))

il

=20k AEXIAKA

- 128 -



79 3-4-332 belt 3] FASE 4B AYAFE REE vhebd Rolth A
AU VAP B9 T W 4302V 6mAAE BT, 6m~9mrA =
2ok Om~1m7I A fr 2, 14m~18m7hAE 2k 18m~23m7hA = A Apd o]
oS o 4 gtk Adel g wel FHs: vAEe f28 FHom
20 Gt 39 FRACE Ushgon, vAY AgEs $HsE 44
AW H5 AFRIAE Bel¥st 63, BHYZol 339 FANE
Aoz mqy_ua belt 391 4%= Bel 57} 108, BB Alo] 88, vz
g@ol 6319 FUUNES w3

g2
(

BELT-3

8 9 1011 1213 14 15 718192021 22 23 24

OsSHH o=Sd 000kl osad=

19 3-4-33. belt 30 Edst= HET AdATFE X

% 3-4-34% belt 49 Z3st= AEFTY AgASFE EXE YeW Aot A

- 129 -



4m~17m7}HA|

=T,

ZHE 4m7A

| 2H HS0

9]

AsEE AP BeE TR

4ol 7

2oto 2 el

A7) b o]

F 22 17Tm~23m7HA =

L
.

oF

wol 77 53],

109 #3 fEetlAE
HHEHE belt 4914

oA M
g e

3

o, mAY depEz A4

o

w177 9

1
.

AF
=

A Aoz

s
a-

|

3], Atz 83, oWt wH e Y7}t 739

=an

olntol 43]9]

BAh

il

A=

=
=

BELT4

24 25

23456789 101121314151617 181920 21 22

(

_‘]OO L

_200 L

O J0tel

S= 0EZAMHIR

I==0HL| W OHD|

]
==

I
Yo}

< ® o«
K @) oK <k

—

(@)

AR|AJS

et

S0k

19 3-4-34. belt 4]

Jolth. A
3m~ 16m7}A|

e AgEe A

belt 50l =d3

fu
R

g% 3-4-35

l\z‘ %?J—:,‘L’

ZHE 3m7HA

AEA) b o]

22k, 16m~21m7H A =

R
R

- 130 -



gol Fdstt MAGe 1lmE FHOR 39 F2o43} wrn e vrhgon, v
o whelaw 38, #¥Aol

A A4S AYEY HS5 DR A= molH b
of EENES YEdlt. dAd e duny
o] 93], £5-Aol7} 63]9] FHNEE H 3t

o

iy

BELT-5

_5OC: 4 5 6 7 8 9 10 11 12 13 14 15 16 17 12719 20 21 22 238

-200
250
-300
-350
400

(@]
H- 0
i
Iz
2
=
i
1
[0
I
0z
=}

ore
1o
Ot
x
O g

(G}
|
OO

4> por i
no w BN

ce S0l CEL, ATIARS

19 3-4-35. belt 5ol ¥t A ET AdATFE 2%

9 3-4-36S belt 69 EASE HEFY AGALE BZE dEd Aol A

FUE AY BE TR R FFOEVE 2mAE XA, 2m~1174A

SR Im~16m7HAE F29, 16m~2m7HAE F2, 2m~267tAE f 2,

Bm~32mAAE AR gt =4S ¢+ Atk Aol 4 wol A3

L AP FEE FHOE 459 UFVG 39 AR vhehgon, vl

Ag welds $AsE 442 4MuE #3 GpRdAE AuAzst 78, o)
H

FTEol 639 FANWEE YEska, 559 AAAEA = FEERNEC] 63], =FL

)

T

s

- 131 -



ol 532 ettt dAdoez AR belt 6914 =FQE0] 1638, FEXNE
o] 153], B&A4l¢] 14389 FENEE BT

32

BELT-6
50

50 G N\23456789101112131415161718192021222324252
-100

-150 1
-200
250
-300
-350
-400

3031323334

O=-=2= FEXMS

O XI2ICHAEE BOISES

4> v ol
O =M Wb OO N ®

19 3-4-36. belt 60 Edst= HET AdATFE X

19 3-4-372 belt 79 E¥st= A= AgATE X2 UEW Aot g

ot
fru
o =
uj
L
£
r>~1
—_>‘4—l‘4
iy
o
fru
fl
=
T
g

=
Aedz Ay deE el By #5020 E 3m/kA = @Y, 3m~16m7HA
= RS 16m~23m7kA = Al S 4 ARl Aol T ®ol
= MAFES lIms TAHLE #AF9 FRAI 5] AAAELR eSS
W, 1A G e s s S Aurd H5 fFEdA s FoRTt 43, &
o H Zo] AAAH M = B850l 63, wolH Tt 4
7

[-4 U
=)
k1
Ll
f
32
o)

- 132 -



718 19 20 21 22 23 24 25

BELT-7
10 11 12 13 14 15

56 7 89

3

200
100
-100
-200
-300

G S o g o M AR

B o — B o 5 ool AR o

T T o) 0 ~

Wz g X &ﬁafmnﬂro

TS wem A e o

g Taowy wmw H

Rl ]ﬂo__ﬂ %&liovﬂﬂﬂ

| Y ZEW S oy PG oL

- gl S EN R w2

I - S S - i T4

1 x W g R omw g

Y ﬂvmﬂoﬂ W oo T T

Lo g oy RN

g Paew 0o, Ftx

| Py T RAdEW

ET.: :mu‘_ O_y ‘Urﬂ7ﬂv_AHm..M -

i B E o N T BT

< T o o] ooy K Mo X T

1 I @ X R Mo = I oo

T o — < ’ o

B ] W N mﬂATﬂudln_m‘_

R U i

= Bw e ol w B
B~ x o

€ Biwn BT OATR

= x - PTEreeox

3 T oW E T o o oo

I~ =0 _.i . &ﬁ =< ‘WE Ot o £ ~ o

o T R _§_o R ,,.&.._Uwﬂo

< L N Mo N

) B = = B

™ mﬂzﬁﬂlﬁo Uogqq&nﬂ

TOPTERAgE Ew Ly
ﬂo_#O,UIU.mWOO@u;A‘DIj

> T TR S

TT o T LW R g
TToW OB E g ooz o2

Mo T X G

© O < M N — O ﬂ_l Vﬂau T T "

W) K < TTE R KRB R

oas T E OB oW L

- 133 -



&

0|

dHl&ol =
Hl & o] 6.06%% 7+

=
=

=R OFE, AU AR

</

X

)
o
Ny

)
oF

[0

A v w1

e

Gl

FE T 6TIAE

ﬂ
JH

AHl&o] 2239% = 7H =7

=
=

ol M el F 9l

O~ %
T

o] &2 57/ FFelen, o

e,

1A

Mo

=
=
2

e

9 ¥ 3l6/MAR

¢

= 7F

Z

A FEe e 197

#) el

s

A AR AEA LeERTt 914

= X
=]

]

o
T

|

gk o

g]

gl ol

‘_
W=

Dt}

3} )

o] 744 A7 el

4439
=
=

ol

Fa0]

9

ot =}

o)
H

=3
H

44

T AYRE AFEH

A, Aol

h=]
=

’

TFTEENE
LER T

o]J

o

&<

=dn

%]

5 EF7F 1053

, ampe], AdolAER o] FF

H}
H

RATA A (599 5.58% |

6.06% % | )% |

6.06%

5.97%

4.48%

6.23% | | % |

Rf-Z<H

=2

10.53% |

10.53%

20%

.
0
ﬁ
-
=

L
LA Abe

50%

40%

30%

10%

0%

v & (%)

2l

B

A

SEEE

B

1% 3-4-38.

- 134 -



U BUE Y AR 9 sk iAo 54 ot
Braun-Blanquet®] el o&] FFvitte] sEWH S ASY =
T} o] ag=xzE YetWti( Y 3-4-39~19" 3-4-49).

o ﬂ
mlo
ui
dlo

NO 1

7r 012 m2x O34

6

u]5

=4

53

=2

1

0
X o F W OF < o O~ N & ok T H om0
T 7T P ¥ T B OF W o o ¥ om ® K T
g owr oxm ! oo} ™ E b TR g oy
o'W = W H
oo =

o9 3-4-39. NO 1 2YEE Ao 34 J=5w

NO 19 muee Ao BagEe] WEEdel 7= /b s vehd
Wi FEEel 1A, 23 3% 2 AFESH AEFiel FAL ol e

34 ZAA I FRS O, At HUEE 2, 3% ZAA N FAFAT

NO 2

ol ol k1 &L
OHNWHUTODY

Boom T oo MW oof M oWu A T ok @ oMK N KT W o T R Mo
A e TR R TR T 3 % o o X T W T R F T
G R - S L O S e c
= N U LIS WM S OE A

ol ™ M

o B

18 3-4-40. NO 2 RUEE AT $

ofN

R R ==
E93le 2 54 Y ES ¥R F 21522 NO 1 EYHF AT

249 1637 ks ¥ veut aeg e MY B aRrel 929
NO 19 RUHY 2ATE BHYZS A dE HESY IEFTE 3% A7)0

- 135 -



= =4 vEs=d ook 2 NO 2 ZYHE Aol Sdss 283 $4td
=9 ETHE 2, 32 AN & AEEY Rt 24 =4 vEsth

7
)
5 2
4
=3
rﬁLZ
1 Il
0
T oo omh o OB O OR OM Y ORN O OFT K o T om owm T
< T 5 T W A d ¥ oz B W W P o T EE
X = E BT F w3 T HF T B E AN
;O N oo o o oo T o T
H = o £l T

Jh

9 3-4-41. NO 3 EYHE ZATe =3 I =53

NO 3 RUEH XAt 2dd F 759 5 19522 Yeynh 2594 =%

, HEr], gEfE el 3} ZAAZ] Al F ST 4ol o2 YERon NO 1, 2
JAEW ZAFobE 2 #adEe] MEEHol 308 tha A dEidEd oY
3 o]fE= NO 1, 2 =Y i A E WA F ST G R R 1A AR 7]l = g
A U] deS v 9oy NO 39 ZUHY AT E vAd 997t frEete
2 F29 e PR EA wie] FEXRAS AEse A4 drgdo] Eof

b | . I
AHA A er g Ee] desaol vobxly] WiEeleta ddE

NO 4

7

6

¥ 5

4

=3

22

: [IL1]

0 |
WOW O WO T R Mok ok oo om BKoNe RO TR m ow N RK T o
XXM T X R T T o BT H T E o ok B oHERTEWT W
HoHom o R w FRHT LB T BT DRI TR
B = ™ = oF el H o o M xR W
G =) R T ™ N ]

TE 3-4-42. NO 4 FUE Y 2AMe] £348 vEew

- 136 -



NO 4 XYHY ZAMF 283 752 T 25522 NO 8 ZYHY A9 3
A M =L THEAAE e doh vAY d9e F2doR st=deA 7HE
B2 FdE Hole E5A FJETHol 3F ARV 602 M E=A YEWS
WoAgE, AN, wTeF, gEAMEe] 34 A6 AREFe] 574 v
Tk ol &l Ag F7|7b #-& FEutEE, Folu st 1, 23 ZARA7]C T

NO 5
7 o114 o234 03% |

T

54

=3

T;LZ

1
0
T O WM OF T ON T W T O W oMW WO OFT ONFE T
N T T O®w OB O F R OFE OO T T O omH T o FOR
o o %R T e S N L ol ] e mw % B mHp ®
4 o L R R B o o
= N T J
I
% 3-4-43. NO 5 BUHHYH =AY 58 559
NO 5 BEUHHY ZAFd 93 752 F 18Fo=2 YEyth 319 vAy

5
= dFRR AP EH, oHe] 33 é*wﬂoﬂ HEgdel A ey s=d
A o] 100%°l 7HEA ek om, w5t el &R Aol Yt mAE Tt
Z& NO 1, 2 BUHY A 13 ZAA 719 g md A o] 5% =2 vj$ e 3
of Hl3]l NO 5 RYHZ ZAME 13 2AA7]9] 9%
G ol o] f = 2, 33 AV E b FFAA FEGe] tha &

ety gl Aew ddEn

NO 6

T 013 m23 O3%
9 6T
i
_:_éf
2t
Hl,
0

T B EK N O o R

¥ A4 X 0T 5 T E kW T T < F

L O RS O T B

o G| o] o =

w7 fud )

JH

T 3444 NO 6 RUHE 2ATS £33 WEEH

- 137 -



wE Ul A UEon, 2, 3% ZAANE A, mvhele] smEFe] 59
g AYSHNE FAF RE FFAA AREF HA ek sAw H2yY o
A E Aot B8 4 Bl 33 2AAG] MRSl 247 5, 3
[©)

NO 7

=
—
=
bl é
—
—
=

o < o T T o B E ™ ca =

e X il o =3 B Y il o] " 3 3 jny
= o rf N < K = B ™ o i
o y Tl ~ e

=y
I

2% 3-4-45. NO 7 RUE Y ZAFY 54

o

=t
a6 g

NO 7 BUEY 2AT £8% £ F F 13F0E dewon vAY w
L fEtolth BRA, EARFUL, M IEEF 52 M B vehgo
bl ol9]9] 45Fo] MEEF 42 vhehgth 13 EAMA] W EEF] 7
=0 dehgd £EES 3% 2ANAA 2 EEFS dehion, 24 A7)
of Az £AF AAAE AEFTo| 52 BATUA FASATA wE 2747

& Holy 12 Jiswes YEe AS & At

.
ot

i

d

NO 8

(o134 23 O34

ol ot b &

O DMNDWHR U

TN R ERNT N M KR TR N 4 N s omoNd W T o 3K o T

”R‘OO%ﬁ”&Bl"JéWHO??Muﬂ{ODO o R T U s T X

o= - B g E e Ao T N %OROE R oo EK Bo

¥ A T oW we W
J NF

a9 3-4-46. NO 8 EYH Y Ao 3 =5+

- 138 -



NO 8 RUH Y Aol EdE 59 F+ F BFo2 yeyon, vxyg &
A= gy solth 1Ak AR 7 el A o] S%r ke YA ARt 2, 33 AL
A7l @3 o] e AFoR we FFAAA =& AEEJOl ettt 11719

EUBY 2AROlA 7HE o] 3l AR e dHE YERHAL

NO 9
. o134 O2xr 03|

T

ol of fri &
O DN W OTOY
—
Sal=—F

T W T o
Ho o] T T Ho ° ~ X <
] - o ™ it ™ ™ ) e
H ﬁﬁ T T
jm

9 3-4-47. NO 9 RUHY A9 FF5H JE5H

NO 9 mUEY zATo| FAs
olth NO 9~119] muUEs 2ATE 2% & 19 FRAGe] 4AF 2Tl
wae] EEFel 72 100%9 AEWAL ey AQer], 1 o3
welwl, mvbele] %ol

Fi?
"
ofN
1o,
4
rir
of
o
ofN
o
fr
=
Ry
oft
a0}
S
rir
Ho
- Fu
o

to
Mooy mo

o

=)

Y

X

fu

3

il

_‘

O

1o

L\

i ol

g e W

1 ol

o t

fa iy

. rlo

o =)

M b

g, =}
2

=2

N oo

L X

o i)

oo

T T

et

o Hu
L 2
[

=
b
o,
W)
Au)
)
Xl
i,
|
=
P
rlo
R
fr
2
oY
1>
oZ
9
R
N
do
[nt
o
oX,
_OL
bl
o
ML
=]
ol
B

flo
4
10,
o Hr
ofN
o

ox 2
ol

°

S|
4
Asdgeh. & =S B ABEo] Bo] AW AAHoE 739
=

ol
rlo
iy
2
il
X
i)
Il
o,
fu
rO
:cg
ol
ol
o,
1>
o
i
)
=
rr
e
i
ol
)
L
[
r 0

e
2
v
kY
£l
e
L
)
K

- 139 -



NO 10

g O1x m2x 033
75
A=l
=3
T;LZ
1
0
K ™ O oM T N T O % m 5 % omw N =
B d F o#H T B T O® T o 5 F A m oW
weooH X N T = o W 0w I T
Gl 1 N R B
&) T 5
3

I8 3-4-48. NO 10 EU Y XA 24 s

NO 10 =EUHH XAl &Fdste 559 T2 T 16522 MAE d9e F&

relth Byl WEGFol 33 AN 72 M wA vehgen nrkel o 6
Fo| AESFo] 52 B Uehdth Brag Gdwd 42 evide AESIE 4

2 = vhebuich

NO 11
Z; 014 022 034 |
§]5
T4
53
72
O L | | Ll l | | I Ll l | Ll L | I I}
= N S G - S S w1 A B 1S
= ¥ T W m P o o & ow® ® T W Hp
= o H T o ow B o W T - SN
ﬁxj T A gal w® T
J T

1% 3-4-49. NO 11 EYHH A 39 v EsH

NO 11 ZUHY ZAF £83le 59 &5 F 4Fo= nAy a9=
ekolth NO 9. 10 ZAFF-¢F w72 BE A9 FE5H
W, @38 vEggol 47 =/ vEut EHde WAdE, duEe 14 A
A7l Ed@8kA @2 FFoldY. &8 T Fol 22 ZAAVIFH 50144

NO 9 ~11 BEYUHY ZAFAA7E 7HE @2 2dF35E YEhd L AT

- 140 -



7
T

o

L
]
—_

el

il

j—

L7k 8mo] gl

© RD)9} 7o Hl E(relative
: ROE vl o2& = Q8 X (importance

d A=l

At & &= (relarive  density

B

: RF), o3 Z(relative coverage

frequency

Aot

S

fol 4 Q2ALE A

S

o] ==
Py

Slololo|lo
At=lt=li=1k=]
T1113
i
+|38|8|8|8
137311
N[O M| |
— —
o
EIﬂunU.nU.nU
TIes|e|S
T [ LO D= | — | N
LlL — [aN]
~
mH
+|2(3/8/8|8
O~ — |
A= TS
2]
EIOOOO
TISS|2|S
m4722
ill (98]
EIOOOAU
TIES|S|S
m| S| |16 | od
;.Ell (98]
Alm|o
===

B

PV EA vhers

e

s

= =

o] FF7hdel

M2 F2A7F YE T

2~
U

el

B
A

o v

T olololo
mOOOO
T1113
mH
T|38|8|8|S
Ro| == 8
=0
~
mH
T|8|8|8|8
_zT1124
1*11 [N
=
a-
Jlglslgls
b= =28
X
ZO
Hrig-lolololo
A 2222
i — =]
ON‘_IIIB
Holololo
+132|S|S
NN N D
N N[ T D
,LlL —
‘A
1818I8|8
,U_llllqo
ﬂmAlllQu
a-
718/18/8|8
MR
ﬂ
AlLO
===

Bt 7}

7EoZ Al

Y =8 Yeh $8X7F 7HE =4 YElgon,

o))

- 141 -



w
)

al

U, AR el Holu] wiele

No
e

olo|o|l=
SIS B ==l=ll=
=66 22228

— N[

Y
ol o0
SIS=IeF|S|S|e|%
D I3[ R mr| =[N
N|=H || © =

Nd

mH
olo|dlxllololoa|o
S|S|S|nT|S|S|N| =
1G5 | B2 frk | o= o= 1o | o3
AN |||~ —

mo

a-
olo|x|olilolo|s|w
S|S|o|R|T|S|S|e|%
<[ = | e o] <F 0= | | e
— —

_ZMO
Olo|irlo|o|m|x
mm6.9.uw0.0.9.9.
ISR |53 =] =
1NL11 o

a- ok
40048&10037
1.40.0.6.8. 3N
MIEINEIR SEIREE
:i 111.A —

H "

3-4-10. AW #

-
It

RD
RF
RC
IV

RD
RF
RC
IV

o)

)

- 142 -

R, AU, BB, 2240 REST 99l



ot

7}3

(]

]

g el
I

=

g 3pol .

Al

A

shel 274

2 7=

[

A 7

¥ ol g8,

A
=
[

L

B

S

o] Aot

7}

]

%8

| 45214 20cmo]

o
fe =i 52 60%°]

FaL

3 7}
SEEE

i
=
s

[

1

]

Lol &7FA7F shal dEleh A En o

[

L

WAHAY AFE&E2 AHEH L

bA] Ho] skt Z2eiA AbE

2= HE

<

=
T

5
T

o

A(MOE) <=

b

] 27 A

3

A4y

2}
Sl
S

9 BFE A4

A

L

=

At el A
El

]

=

o] AH
d Aol o 7hA] Wl

[o)
-

B
=
L 35
<L

T
Al

A

-

-

A5
11—4_.
Sl

Aol el AAH 713H S Ao vl

151 A

o

vl

=

e
e
v
=

QA

Uy

I

A

L

Fu

o

o]

1

714l
7

A AAReR o] FFol v
[e]

]

2 #euA el FuAel

A54
1. A&
2 745w
AEES
. A

=
S

.

ﬁo

el

0

il

No

ol
o)

o

x
4o

A sk PEe §

o

oL

bt

TRAERAY = g

2

=

o

=

tAem ANy A5
=i

7} FA AR

°

5g w

7}

(Larix kaempferi Carr.) 9%

B

- 143 -



HE 952 do] 270~285cm, T A7 12~15cme] HyH A @ AP

=
o F Qe FEAENA T

¥ 7]= Pundit Plus(CNS FarnellA} : =02 F3 H4kHzY

MOEu = C?-p- —;‘(kgf/cmz) ............... (A 3-5-1)

C : Ultrasonic propagation speed(cm/sec)
¢ ¢ Density (kgf/cm)
g : Acceleration due to gravity (cm/sec?)

MOEu : MOE (kgf/cnf
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o] A5 8WlA 4R & Yedidlon A5 dAGFe 4§+ Hute A 159k
o2 YA BEH AU
180000
150000 y =0.1813x + 61993
. RZ=0.02
140000 . >
120000 * o ° o.'“
B (]
& o ® ® % .
S 100000 | . ®
D L)
=< 80000
@
60000 | .
® 240 ° o o
40000 | . % J8 e, *
20000 |
o
0
0 50000 100000 150000 200000
Es (kaf/cm?)
a9 3-5-6. Eu¢t Es¢ 37
200000
180000 | y:O.31252x+89848 .
R =0.34
160000 |
® o
140000 } .
€ 120000 [ o o ot
Q .
B 100000 . L. -5
Z 80000 | e . ° o
60000
40000 |
20000 |
0
0 50000 100000 150000 200000
Es (kgf/cm?)
19 3-5-7. Eve} Ese #A
£ 351 99 A% 9A% A
y=a+bx
y X a b R
Eu Es 61,993 0.1813 0.0231
Ev Es 89,848 0.3352 0.3362
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180000

y =1839.1x + 2304.2
R?=0.16 .
140000 Ce o

160000

120000 F .°* .‘o‘o

100000 | )

80000

Eu (kgf/crf)

60000 |

L]
40000 | 2. ‘o‘b"'.
20000 |

L J L]

0 . . . . . . . .
0 100 200 300 400 500 600 700 800 900

MOR (kgf/cm?)

1% 3-5-10. Eu®t MOR¥¢] @A

3 3-5-2. MOE$} MOR 2 %

Sarple ) Eu . (Em . ) Es . MOR‘ Sample ’ Eu , ’Em , ’ Es , MOR .
(x10%gf/em’) (x10%kgf/em’) (x10°kgf/em’)  (kgt/emt) (x10°kgt/cm?) (x10°%kgf/cn’) (x10%kgf/em?)  (kgf/em?)
1 133 137 123 747 26 116 121 97 561
2 143 151 127 671 27 47 146 145 821
3 118 111 83 626 23 141 147 33 693
4 119 130 101 654 29 40 115 72 483
5 128 135 129 615 30 38 99 95 465
6 52 133 70 570 31 126 117 73 544
7 40 127 96 524 32 40 114 144 532
8 36 102 76 117 33 155 134 99 630
9 130 137 120 636 34 121 123 58 516
10 47 128 36 464 35 45 121 94 554
11 44 109 54 576 36 35 9% 116 510
12 42 149 79 594 37 115 117 85 623
13 38 82 95 605 38 98 90 58 337
14 40 94 67 465 39 47 130 135 650
15 111 119 50 585 40 36 90 35 467
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Fob 2% WRANE AN o FFE 2
3-7-10] UEhieh. & 3-7-1o ek shsl o] 7
ok 2.25+0.472kg/m’, ACQel A& 3.12+0.792
Fgol we A%E waTh FA% A
A EASE Ao FAF o} 3.52,:0.792%kg/m’, ACQ7} °F 418
L438kg/m’2 ARl Hla] B F5Ee dElod 2ot A AARY F
o A7t & Ao vehguh oA §F4YL 1FOE A '
Y ;AGA AT LS 87 H3oldel NEESFL BEAIA RGO

, ACQE A Al Agstde woll= 7153 o3 Fade HolFdth

ETF 2AHE A %
Aol Al A A CC g
kg/m’E YERY ACQO i oA

_/’\‘

>
o

i

<l

o
4 rlo oo

@)
e

o=
N

3

w

o)

PN
T
Al

A=

3 3-7-1. Treatability of Preservativess

Pressure Immersion
longitudinal radial longitudinal radial

sapwood sapwood sapwood, sapwood
heartwood | (fpcluded) [heartwood| (ncluded) |heartwood| ncjuded) |heartwood| (ncluded)

Chemicals

Penetration CCA  [16.6£1.74%x| 1264333 | 1.1£1.51 8.5£4.98 1.9+0.39 | 2.2£1.07 | 0.0£0.00 | 0.6+1.40

(mm) ACQ 24.8+5.35 | 359+42.1 | 1.3+2.08 4.3+4.19 2.3£0.59 | 4.3+2.38 | 0.0+0.00 | 0.0£0.00
Retention CCA 2.25+0.47 2% 3.52£0.792# 5k 0.47+0.030 0.92+0.368
(kg/m°) ACQ 3.12+0.923 4.18+1.438 0.53+0.034 1.08+0.690

* Values are means three to nine samples
x*% Values mean standard deviation
#x% Heartwood, **** Sapwood included heartwood

2 Ao RHe] opAREIE 53] ACQE AA A s
S woll= Aol 248mm= CCAA e HAd vls) £& JFolE HEY
ot AT Ee] A9, 27 1.3mme] FEzels UEh FHE WES FA] o
Ae Aoz vt 4 520002 A4 15~20cme] HgrHEueh G A
AREEE H27b ks A FFzelE WEAITIA RelsS Basta gl
£ AT AREF A 10eme] AFF GFe] Aol ofsh fAE Aas R
ol Aoz Yerh el CCA % ACQ R Awel WAZE EAE = T
A A AFdold W& mEeAt FdEl & 5AE UEh Al W
o7k 2 AL UEhl AR A AL D 5 ol AT BR de
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g mpel o] ZhekA gl A A A (A 4
o7} AA YEtd F fAIZEe] FFZo] Aolo feAo] A= AFHE YEWY
(t>too). © #S A3= £ 3-7-1¢ Uetd S5 vlolgolM e FAS 43S B
FATH(t>t01). Al 2+ HAFZo] A
Eastern larcholl tfsl] kAl 1+ 3 5FA Ao digk Aol 4] ACA(Ammoniacal Copper
Arsenate)”} CCA-Ceoll ne HFAo] Y581, o4 2=
stk A (Lebow$t Morrell, 1993, Slahors,1997)¢F 53] ACQ7F CCAe°l Hl3] #F
4Jo] Atk Hann¥ Vinden(1999)9] B9l fAMSE Aoz mFH el w3 d4 1t
ol Ag] T4 7teAde BT AAA ] Bl 1247 JA AR = B -e)
L 3E 3-7-1° yEepdubel o] ookl RF wlg e Fzlolet FEs v
H2ol%e] Ag A ell= A 8o] B7tsd 4345 Bl
ATzl NS &Ast7] flste] AGAGE DAl A E A% A
3 3-7-20 vERd mpe}l o] CCA A A= zlo] Tmm= A A2k $1(0°)¢]
© WF 715mm=z A e 2] oo WAMFEFe % 015mm A= FE e
S dedlt ACQE AP A 4F, Zol Tmm= AgA 2l g 1A1(0°)el
A Hyt 8.0Imm=E AHgzlolele] oF 1.0lmm AE®E CCARUE Y =2 HFAT

FHE MRS F4e WAL & Utk AgHAE LA AagFone] IF
B AR ATNE CCA 2 ACQ EF AAAE Imm viwte] F8 we A%
A=
N

=
2018 tehl H9% WA 3 AgAe st zﬁwom Aol moe 74
2 =

¥ 3-7-2 Incising effect on preservative penetration by pressures

. . Radial penetration(mm) Tangential
Preservatives| Wood portion 0 50° | 180° | 270° penetragtion(mm)
CCA heartwood 7.15+0.59%* 0.06+0.11 0.56+0.38

sapwood(included) 8.14+0.49 1.17+1.71 0.75+0.88
ACQ heartwood 8.01+0.76 0.76+0.89 0.72+0.62
sapwood(included) 8.26£0.92 2.16£1.56 3.32+3.66

* Values are means three samples
*x Values mean standard deviation

A7 A9 FAR 9B SAW BPA A2 T kAl FrPute #AE B4
& Avbe 19 37800 e Hhsh o] AAll N FAES BE AF S W
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A5 Faael YopAE 4L vehl Z7de JF A8 F9 HFSFY 0
AR (=05345)7 AR HE AFL BAo AWl el WAt s A4S
o= olE QAR F#HAA(r=0.0577)7F A A g olef & Ae 19
3-7-9°l AAIZ AF FIhe] BANME FARG S HEHAT
2% AFY 939 E sAEY AWM B S 2 Aae dde Exe okAA A
she] wAE BAF A, 27 3-7-80) vhebd whsh o] AWl WAt EAss
TAES] A 2pws Ague R¥ste B $7b T #5E kAFF YOl ta
Hobdi AFE BAor=02079), AAel Aol T Fob FAke] A
A7 Qi Ao vebwth B3 19 3-7-99] thebdinbsk go] i AAel e
= T A71S kAlFTF Aol E A ARaATE fle AdE BAth
7
y =-00565x + 48379
6 T R2=00577 X A Heartwood
sl X Sapwood(inc uded)
%’i Heartwood
S4 Sapwood(inc luded)
= X \
£3 ¢t K x
B2l x
. y = -0.1622x+ 49431
R? = 05345
0 ‘ ‘ ‘ ‘ :
5 10 15 20 25 30 35
Average number ofannualrings
a9 3-7-8. Rehtbnshp betveen average number ofannual rings on
end gran and reenton
6
5 |y =0.1294x + 28385 ¢ Heartwood
" R%=00167 Ao A Sapwood(ncluded)
54 T A Heartwood
Ak )
° 3 ] A7, - Sapwood(inc uded)
c
*
227 . 4
“ o v =04801x + 04489
R?=02452
0 | | | |
2 3 4 5 6 7
Average wi dth of annual rinc
29 3-7-9. Rehtonshp betveen average w idt ofannual rings and
reenton ofpresenvatives.
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219 3-8-2. lAbelq Al

2) A EAE U

218 A2 (Vacuum tretment) W& ©]-&ate] 7St Fofkel A 5x2% CCA-3&
(7] : 17~21%, A& : 45~51%, Hl4a : 30~38%)E H37]+ 35kg/mE 2070 A&
shATh 1070 A2 akA gkt

g

2ol wlo] AR E(1/2* Prepolarized Free Field Microphone Type
40AE)E dX|stal o EolA BHAS Fo] molagEor FxE AFzlss

o ZAE DRAESE G 4% olgstel G5 ZHstarh

b BHAEFE o] §3 MOE 5%
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AP : Load (kgf) P . Puax (kgf)
a = distance from the end support to the nearest load point (cm)

L = log span(cm) Ay = midspan deflection(cm) D = diameter of log(cm)

3. 4% % uE

b9 9= b Aol W MOE Ha

¥ 3-8-1. 9E7}Fel w2 MOE®S Ml (29 x10°kgf/cm?)
5 | 1A} A . _ L= 7HE S

A A _JE]]-WQ]FEO‘ A = g PEE 3 i ol fo] A g
1 116 94 -

2 129 111 -

3 156 117 -

4 122 86 -

g B2 122 199 131 109 i -
7 152 125 -

8 117 115 -

9 130 108 -

10 117 128 -

11 149 108 109

12 112 110 91

13 128 122 100

14 111 131 113

15 143 146 118

16 108 117 9%5

17 113 127 103

18 118 126 94

19 ol 4 118 137 103

20 | ¢ g 155 159 134

2 | am 109 | 16 120 | 128 99 | 10
2 103 99 93

23 136 137 122

24 131 146 101

25 115 127 97

% 125 130 106

27 135 148 122

28 127 111 100

29 174 124 100

30 118 132 99
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Z W37l QY. dAYer dFEEIE nE AAS] HIE A
2 @okrh Wb AFIbE T Qxtold A E s 1298% kgf/em®ol A 10953
kgf/em’® AAF7F 7Hastke] Qo] Aw AFE] AAS7 AstHE AL F9l
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Y. 457 o2 MOR H|
¥ 3-8-2. 94571 & MOES MOR

. . qat | A=
7bEdE | Al (XlO"glf:gi/cmz) (XlO‘lgllagSf/cmz) <k¥2§q‘2> (kef/cm®) 7&quﬂl]
IN- 1 93 40 709
LN- 2 103 31 487
LN- 3 93 33 531
LN- 4 36 35 481
. ILN- 5 119 43 585
a= LN- 6 93 34 566 2 1
LN- 7 111 29 523
LN- 8 114 33 658
LN- 9 108 30 567
LN-10 105 30 520
LP- 1 93 56 508
LP- 2 93 55 518
LP- 3 126 75 704
LP- 4 128 72 703
o= | LP-5 116 63 423
AFH LP- 6 39 64 532 608 1.08
LP- 7 121 68 637
LP- 8 121 75 770
LP- 9 122 71 621
LP-10 123 70 661
LC- 1 100 71 419
LC- 2 94 61 399
LC- 3 133 81 593
AR | LC- 4 107 70 369
_ LC- 5 104 57 462
AR R o 98 49 389 <32 O
9z=m | LC-7 106 55 396
LC- 8 106 54 478
LC- 9 84 57 391
LC-10 105 50 419
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a9 3-8-10. WHF A dFEe] A5 GAF(Es)S} TE afdes
FAFED o BA

2 98 9 dF5o] 5y

a9 3-8-112 959 stFd M-S yERA e zelth LN-12 6,100 kefel 3t
oA FeE T LN-29F LN-3& Z+z} 4700 kgfsh 4,072 kgfel st&elA o= 4]
th LN-12 &olF-9 ZAA dosol FolREF e s dvh LN-4= 3260
kgf® Tha we 5 3S Btk LN-5% 5046 kgfel dtsolA sasgon sd

SHE B e gde]l dojd AL e it

g% 3-8-156= dFE9 &5y WES vErd 1eizolvh LP-13 LP-2+ 2,000
kgfe] stzolA o, LP-33 LP-4A1H2 ¢F 2700 kgfe] dtzolA k=
o} LP-13 LP-29 9A4E 90,0000190.W LP-33 LP-4¢ < 745% 120,0002 2
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4. 7+ 3498 71 FAMH] A&
b AARE =
getAAdg s (2003, 9. 1) AHFY, APEARY W R A), AAAFAR 2L 2003
99935 7HA ARA, =TARA S AT 24 ke A8
. FAL I AAEA
H = o T3 H] H] 5
AR A =H] | 4,830,727
A 5H] | 7 A 8]
- 2 Al 4,830,727
= A A w=50]| 9230,113
T e8] | 7 = 996,852 2= 9] 10.80%
A 2 A 10,226,965
9-dHh)
A 71 A 74 | 1,941,593
A RS g
H B e
71 E} 7 v 752,884 (24 A Z 1)+ = 51])x5.00%
2 A | 2,694,477
g gk g A 834,351 (A H A 28]+ = 58]+ 7 °H] )x4.70%
ol & (FFR) 1,650,695 (24 A &1)+ 2= 58]+ 7 1)) x12.0%
= 7 20,237,215
o7 A 2,023,721 9719 10%
A ] 22.260,936 | =22,261,000
U FAM] 2R
T3 d
) T 9 =] A &) 7] Al H] a1
(4 4)
2 = A AP 1| M2 | 6,589,276.25] 4,096,338.60]  750,000.00|11,435,614.85
A 71D7247] (51400 m | 1,393,716.05] 229,400.40| 372,216.90| 1,995,333.35
A2 W 1 M2 1,247,121.60] 504,988.80] 819,376.80| 2,571,487.20
A 9,230,113.90 [4,830,727.80 [1,941,593.70 [16,002,435.40

250 -




2h AW A

R = 7 == ol
= sarlag ] A 5] 3y &
L v s B R ik

2FEAAER | 1|7 4| A4 (6,589,276.25| A1 A |4,096,338.60| Al 41| 750,000.00( 11,435,614.85

AAE71L727] 151400 m' | B AIA (1,393,716.05) B AIAT | 229,400.40| A4 | 37221690  1,995,333.35

AYE By 1702 [ A4 (1,247,121.60| B A AT | 504,988.80| 8 Al Al | 819,376.80|  2,571,487.20

A 9,230,113.90 4,830,727.80 1,941,593.70|  16,002,435.40

256m(ErE A 6.92m 3HF 500m L 0.96m)fr &L 1.60m)

R | FE AETA x| Asy | A A

RS

o | (FEAEAF ) E U 9 16cm)
FUF | 19.32m 19.3§mzx210’000%/m2 4,057,200 4,057,200

(a2 A 7

B | 3562kg| 4 3526k x5349 /kg

18,828.84 18,828.84

FEFEARL)

n 3526kg| N9, 35.96kex5769) kg

20,309.76 20,309.76

(A=A T =)

A g A 3244w | Yoo ES

FANEA R E)

= 9 e GIEE — a7 150k,
32| 250,0009/5] 381 =750,000 750,000

[{(6.96+11.42)/2x2.56}-{(5.00+

S E 6.92)/2x0.96}1=17.80m’
HE K 3L
JEET| 4982 17.80m' x0.2821 /m'=4.9891 x92,041 458,364.18 458,364.18

4/

HESH 10355¢1x1/15
=6.90¢1x67,1414/¢1

S 6904

463,272.90 463,272.90

HE15]107.99%1| 107.9921x52,483¢/<1 5,667,639.17 5,667,639.17

F U228k 50m, A AL 157(562]
o " 9.6
Wt 5829 19 901 0.5001 /m=9.6601

EUE 44 w7
96691 | 19 391 x0.5091 /m'=9.66°1

=] E A
PEHTHRE

44401 19 30 %0.23/ m'=4.449]

A% A 2E$ 1k 200m, 4 AH5°(173)]
U9 | 64.8821| 32.44m'x1,700kg/m**x13] /50kg* 1
2] /173]=64.8821

| A
SO 30 44mrx0.179)/m'=5.519]

NIGE
17989 31 55mx0.5791/m =17.98¢]

A 6,589,276.25|4,096,338.60| 750,000 | 11,435,614.85
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2) AXE7|(AN2Z7]) 5140mF @7} AE3E
(H:210m a2 : 210 ¥a : 2.19)

oA |5 F ArEEA ol A B4 ) Al
FAOTOT05m) |
2= A= 2] = _JZ_: 2
;ﬂ A 51‘40mz ;‘j‘é ;‘_g_?] 17r(1 51.40m
16.80m+7 41 2 7] 34,601
51.40m <0.43hr/m =22.10hr <
24157 52.266¢) /hr
(Z2F7] [22.10hr| w=2H): 22.10hr<25348%/hr | 560,190.80|226,834.40|368,053.40| 1,155,078.60
0.7m) A=) 22.10hrx10.264 9 /hr
7 ]t 2210hr=<16.6549 /hr
Q: X X X X
=40.65m'/hr
E] 7] AME7] FE FHx
(Z247] | 0.25hr }g-gg@iﬁg‘gg / }/%m_:10-24m 6.337.00| 2566.00] 416350 1306650
O'7m3) . m = B m Ir=
0.95hrx52,266 %1 /hr
- HH]: (0 25hrx25,3489] /hr
A H]: 0.25hrx1026491 /hr
7 ]t 0.25hrx16.654% /hr
- 51.40m'x0.112) /=
A4 | 5659 Dusalioa s el 530,659.30 530,659.30
BRI R | 56591| 565915248391/ 296,528.95 206.528.95
M TR
WS | 56590 51 40mx0.1191
A 1,393.716.05/229.400.40|372.216.90| 1,995,333.35

3 AYPE By g d/RbER

A | AEE MRl A 5] <l Al
1Y 2 B4 1000m=4.00%
0.50=2000m’
ﬁ C}):} ii Q: X X X X
F(F2F 149.20ha 1,247,121,60|504,988.80|819,376.80| 2,571,487.20

e ==40.65m"/h

' 1= X0 49.20hrx25,3489) /hr
A $8]:49.20hrx10,26491/hr
7wl 49.20hrx16,645%/h

N

Al 1,393,716.05|229,400.40| 372,216.90| 1,995,333.35
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o, A A g et
DAy

0TS YAAZ I}
A 3] 7F 2003 59 FAFste] 20034

o)
=

7}

Aokl wat WEADFH ATR FH skl
8¢ 13 st @7 A&

SEEAEE é‘;‘f’q; iﬁgﬁﬁ = 7 % A G
E ¥ 9o H 65,734 67,141 1,407 2.14 67,141
= 5 aq F 50,683 52,483 1,800 3.55 52,483
Z 3 8 E F 90,048 87,613 A 2,435 A2.70 87,613
A > 94,158 93,922 A 236 A0.25 93,922
iy = > 86,271 89,000 2,729 3.16 89,000
zdy <F & 62,427 65,785 3,358 5.38 65,785
g &5 5 F 91,573 92,041 468 0.51 92,041
HJ Al & 93,650 97,513 3,863 412 97,513
= = & 77,076 79,926 2,850 3.70 79,926
A7 A& A 7] A 81,246 79,113 A2133 A2.63 79,113
A7 A Az 53,719 51,861 A1,858 A 3.46 51,861
A7 A =3 87,216 83,161 A 4055 A4.65 83,161
A A2 HA}) 61,857 64,701 2,844 4.60 64,701
S HAA(CZ] A 59,707 60,879 1,172 1.96 60,879
2 g W & 69,109 69,514 405 0.59 69,514
A e & 93,853 96,310 2,457 2.62 96,310
] 7+ > 89,051 87,975 A 1,076 A1.21 87,975
3 F H 75 F 88,068 81,573 26,495 ANT.3T 81,573
] = 7 70,227 712,894 2,667 3.80 72,894
Z= 7 & 68,999 70,973 1,974 2.86 70,973
z= o] H 55,397 54,684 AT13 A1.29 54,684
A = 85,754 85,952 198 0.23 85,952
A = > 79,079 83,811 4,732 5.98 83,811
el S = 76,823 73,514 A 3,309 A4.31 73,514
& | & 79,947 81,112 1,165 1.46 81,112
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2) dm - 2 Aol T AR T 2T A AlFAA

@ wrt
QBY 89 71E ER5rE 2 PR SRR Ul FEWE 5610060
T

A G| A |22 7 F F 72(1.0%) Gl AL UgAl
25-18-12| 50,930 509 51,439 | 51,440
25-21-12| 53,990 540 54,530 | 54,530 F2A]

52 | 25-18-08| 49,940 499 50,439 | 50,440
40-18-12| 49,800 498 50,298 | 50,300 qA
40-18-08 | 48,810 488 49,298 | 49,300
25-18-12| 50,860 509 51,369 | 51,370
25-21-12| 53,910 539 54,449 | 54,450

FRA | 25-18-08 | 49,870 499 50,369 | 50,370 A=A
40-18-12| 49,730 497 50,227 | 50,230
40-18-08 | 48,740 487 49227 | 49,230
25-18-12| 54,350 544 54,894 | 54,900
25-21-12| 58,250 583 58,333 | 58,840 A

JEA [25-18-08| 53,180 532 53,712 | 53,720 &2 A
40-18-12| 52,980 530 53,510 | 53510 F I
40-18-08| 51,780 518 52,298 | 52,300
25-18-12| 56,380 564 56,944 | 56,950
25-21-12| 60,420 604 61,024 | 61,030 Ef 9 A]

kel 125-18-08| 55,170 552 55,722 | 55,730 dL+
40-18-12| 54,960 550 55,510 | 55510 R
40-18-08| 53,710 537 54,247 | 54,250
25-18-12| 59,870 599 60,469 | 60,470
25-21-12| 63,470 635 64,105 | 64,110 o A

TR | 25-18-08| 58,720 587 59,307 | 59,310 F
25-21-08| 62,050 621 62,671 | 62,680 5} ot
40-18-08| 57,390 574 57,964 | 57,970
25-18-12| 50,740 507 51,247 | 51,250
25-21-12| 53,790 538 54,328 | 54,330 T

AEE125-18-08| 49,760 498 50,258 | 50,260
40-18-12| 49,620 496 50,116 | 50,120 e
40-18-08| 48,630 486 49,116 | 49,120
25-18-12| 54,460 545 55,005 | 55,010
25-21-12| 58370 584 58954 | 58,960 75 Al

dud [25-18-08| 53,290 533 53,823 | 53,330 E3A
40-18-12| 53,080 531 53,611 | 53,620 A Al
40-18-08| 51,880 519 52,399 | 52,400
25-18-12| 56,780 568 57,348 | 57,350
25-21-12| 60,860 609 61,469 | 61,470

FZ4A [25-18-08| 55,560 556 56,116 | 56,120 3 2
40-18-12| 55,350 554 55,904 | 55,910
40-18-08| 54,090 541 54,631 | 54,640
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0 vpol 257 (F-7F7HA A B =
g

B EEEEE E
VG1 3ol @ 30m/mx*4m = 3,465 | 2003 E71At= 9¥ s P.558
VG1 ghol= @35m/mx4m | = | 3864 | 2003 Z/txE 995 P53
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