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Abstract: The aim of this study was to provide the basic design parameters for developing logging residue
compression machines by investigating compressive deformation characteristics of different types of logging
residues. To achieve these objectives, Pinus rigida, Pinus koraensis and Quercus mongolica were selected as
specimens, and compression-deformation tests by UTM(universial testing machine) were conducted. The experimental
dataset were used to set up the model based on the compression-deformation ratio in the form of exponential
function. The results showed that stress coefficient in terms of mechanical properties of logging residues was
decreased, whereas strain coefficient tended to be increased as the number of compression increased at target
density of 350 kg/m* and 400 kg/m’. The model presented that the required stress was decreased as the number
of compression increased, and the stress growth rate was swelled compared to the change of the deformation
rate. Therefore, it showed that proper initial compression force was a significant variable in order to achieve
the target density of logging residue.
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(a) Pinus rigida

(b) Pinus koraensis
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(c) Quercus mongolica

Figure 1. Used logging residues specimens by tree Species in compression and deformation test.
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Figure 2. Universal testing machine.
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Figure 3. Logging residue compress zig.
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Figure 4. Moisture content by tree species and branch diameter.
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Figure 5. Diameter distributions of logging residue branch by tree species.
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Figure 6. Stress-strain relation by compression loading times for Pinus rigida. (a~c:350 kg/m’, d~f:400 kg/m®)
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Table 1. Stress-strain coefficients Pinus rigida of logging residue by compressive target density.

Compressive target density

350 kg/m’ 400 kg/m’
Replication Compressmn a b R Replication Compressmn a b R
No. times No. times
1 16.352 0.1448 0.9539 4 8.8655  0.1077 0.6459
2 Ist 2.7356 0.1442 0.7921 5 Ist 79.847  0.113 0.9878
3 156.44 0.0795 09122 6 62.803 0.1132 0.9608
1 0.1376 0.2260 0.9471 4 59506  0.1236 0.8286
2 2nd 0.0036 0.2569 0.9341 5 2nd 0.0104  0.2482 0.9539
3 5.9506 0.1236 0.8286 6 0.0276 02419 0.9943
1 0.0103 0.2624 0.9971 4 6.0645 02628 0.9900
2 3rd 0.0006 0.2836 0.8489 5 3rd 0.0019  0.2729 0.9743
3 0.0045 0.2628 0.9900 6 0.0084  0.2441 0.9947
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Figure 7. Stress-strain relation by compression loading times for Pinus koraensis. (a~c:350 kg/m?, d~f:400 kg/m®)



T HA AN
o] FEEAES Fgure 79 YERIT. 13F 4] A$-
oF 50~60%9] WYL F7ho] Exdo) H2ehes Wy
&2 24 S8 35,000~55,000 N/m*o] 28 5E 207
e o, Ak ot o & RdofAE 27| tha
el 2 e o2 miEAR O oS8 o] tha
A Hstshe o= LPE}”E} 12k 45 23 =

A3} oF 30~40%2] HE & T7HEE o] dAs=
o2 wol g7jrkantE o} vV AR 13} 3§ 4
Hsr A7 o2 ke 5 ok HRYE 350 kg/m’

o] 3z} ¢F= ASE EFUE/A] £85E $8o| 1,2
2} Brp yolom 23} tSA R W&o AR
71tk ol g & st QIith AlE Al
WA EA A7 A1ZF AR E s oF 228 mm
o] AdWsyt A g7|vkiubol HlsiA = g wist
7F ARtk ERUE 400 kg/m’e] 7 EXEE7) 350

o
o
kg/m’e] 734K} 7] 12} A€ %Eﬂpﬁ 7F AL
o1z 45 F AR ol F 23 5SS 350
kg/m*e] ZA--olx= g7ivkiv-o npRrA = 334 ¢
A B 5 e AP o] B A AL
™ 23} 45 F 33} AES A= o] e zel o] &
AN S WIS 40~50%2 F 260~325 mm B =T
Table 2= AT HARAFE ] WS A 3919
& ARE /O R Ao Feje mdsidt 2o g2
A 54 wE UrF/Pﬂ Aoz BFULE 350 kg/m JJr 400

R
pu

fﬁ

=
-
2~
ET

45357} EOMES_H Folot AL Yepon
2 WARNE AE Aol e WEE A% be 5
clhs A dehisict w}aw Ao Z9e 27

S7kek= %*é—% 7%%2111, zdsts &
F3l7h S7HEas 45 a7He 2889
oS3, Mg & Wstol vsf $HI7PE AA= 54

otz Wy =4 203
A3l o] AEATE THE @A 545 TR A=
Aoz FHEA.
3) Al
AR 45 BERUEES 350 km/m’2 AT 7
12F 45 Al OF 50~60%°] M@ & 1ko] HirEed
<ok WY e=, A2 §32 20,000~35,000 N/m’ o=

AAoze ek e 2102 Yepyt
, AFrel] ofgh o & mElo A= 27 Tk, &PL}
%ﬂl RHEA o] ek oS53 o] AU v 2}
b= 2o= UrEP*E‘r 13} 5§ 24 b= A
Fo] oF 35~50%2] WM& T §¥o] BAst=
2 Hol g7|ea, ?‘PLH%Q} PRI 2 13
23} Agﬂ RHno=z
350 kg/m34 33 Sk
gol 1, 22} Hr} %OPM
22 sl Akl 2 4
Al Rbs A BAT A 719 Al
260~325 mme] A3l A A
HlEl A WSkt v & A
ERUE 400 kg/m’e] AB-9-=
AFHT 27) 1 gEAle) $H AT}
= 5 AAF olgk F 23k shEe = 3
el e 27 Ioa, shot UF%W}

o 2 5 SlE 298] W Gl o

rE
1)
ol

Y

e o Jr B o ) o
lo F*l%

4
_1
P

>

F
W, o o
NN

<
N

|

r
ot
o
rlo
B =0
32
o
>
o o

11 Jo
Pl
=)
H‘l
N
-
(9%)
W
S
=~
- @@
Bw
Lo,

jom 13 st
350 kg/m*S]
12 32 4=
/\ 191011:‘[

}:o
;\1

NI

HY e WEE 25~45%F °F 163~293 mm X*Eolur E}
ol vlsl wEAR 7he] AAE AA Vet
400 kg/m’Y 735 23}, 37} 5ol &

F 40,000~60,000 N/m’Z 23X LU= 350

WEA R 23 42T 37
o] Q7HE FELPe) Aol 2 WYLk G

Table 2. Stress-strain coefficients Pinus koraensis of logging residue by compressive target density.

Compressive target density

350 kg/m’ 400 kg/m’

Replication Compressmn a b R Replication Com_pressmn a b R
No. times No. times

1 34.135 0.1284 0.9278 4 17.132 0.1299 0.8352
2 Ist 90.494 0.1239 0.9122 5 Ist 56.929 0.1157 0.8109
3 211.71 0.1012 0.9738 6 77.567 0.1079 0.9005
1 0.0567 0.2331 0.9954 4 0.007 0.2511 0.9799
2 2nd 0.1435 0.2266 0.9814 5 2nd 0.0039 0.2669 0.9522
3 0.744 0.1969 0.9768 6 0.0783 0.2123 0.9158
1 0.0022 0.2866 0.9894 4 0.0008 0.283 0.9701
2 3rd 0.0144 0.2648 0.9819 5 3rd 0.0002 0.3079 0.9338
3 0.2388 0.2134 0.9844 6 0.0183 0.2334 0.9640
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Figure 8. Stress-strain relation by compression loading times for Quercus mongolica (a~c:350 kg/m®, d~£:400 kg/m®)

Table 3. Stress-strain coefficients Quercus mongolica of logging residue by compressive target density.

Compressive target density

350 kg/m’ 400 kg/m’
Replication Com.pressmn a b R b R2
No. times
1 5.7080 0.1367  0.6163 4 19.663 0.1354  0.8838
2 Ist 15.8890 0.1065  0.6525 5 78.918 0.1034  0.9052
3 27.9020 0.1231  0.8730 6 2.4237 0.1600  0.9267
1 4.0E-05 03506  0.7291 4 0.0044 0.2681  0.9745
2 2nd 2.0E-06 0.4179  0.8305 5 1.2026 0.1653  0.8680
3 0.0073 0.2667  0.8706 6 6.0E-05  0.3323  0.9507
1 4.0E-05 0.3439  0.5734 4 0.0015 0.2797  0.9802
2 3rd 4.0E-06 0.3905 09158 5 0.4771 0.1770  0.9602
3 0.0123 0.2529  0.9358 6 2.0E-05 0.3404  0.9686
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