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Reuse of Wood Used in Underground Construction
and Suggestion of a Method of Differentiation

Kaori MiMURA *2, Tadashi Hara*3, Hideo KaT0*4, Masahiro NOGUCHI*3,
Akihisa HIraATA*5 Kenji HonDA*6 and Toshiaki MATSUHASHI*?

When demolishing a structure, reusable and secondary materials are obtained, such as lumps of as-
phalt and concrete, including articles of excavated construction wood. Most especially, waste woods
should be aimed at recycling with the view of effective utilization of resources, controlling wastes gen-
erated and conserving the environment. However, they are disposed of as industrial wastes in many
cases, because specific uses and methods are not standardized. On the other hand, underground use of
wood for the purpose of ground improvement has been suggested as new utilization of logs in large
quantities. However, there are few cases in which logs excavated from construction sites are recycled
for underground use because their strength and soundness cannot be specified. This study suggests an
economical judging method by which timbers generated during construction that would be available
for recycling can be identified on site by including excavated materials generated from locations with
high moisture content because always being buried in water.

Keywords : wood, young’s modulus, longitudinal vibration test
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Fig. 2. Overview of the recovered logs.
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Fig. 1. Flow chart of recycling choices (civil engineering works).
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Table 1. Recovered log characteristics.

Wood Top end Bottom end

Deflection

Moisture  Purpose of Tree  Installation Passed

Element Item length  diameter diameter content use A
(mm) (mm) (mm) (mm) (%) (Place) speeies Sy YEArS
Number 22 22 22 22 i
Minimum value 3286 35 94 28 96 Normally
K : Average value 5276 209 171 39 175 Ushiwaku  Cryplo- .insralle d Aot
ur;lamo ®  Maximum value 9902 357 333 50 259 (Arase meria dnder 80 peacs
o Standard deviation 1753 90 59 16 69 Dam)  japomica
Loellicient of 332 431 347 399 396
variation (%)
Number 14 14 14 14 4 Worialy
Minimum value 1820 144 150 < 104 Tieh installed
Average value 2693 168 172 “ 137 T Pinus under Absiie
Kochi logs Maximum value 3095 191 207 166 (Kazamia: densi- water 20 vears
Standard deviation 312 16 18 30 wa River ) fora (Place
3 deeper
Coefficient of
variation (%) 116 95 10.5 219 than 1.5m)
Number 1 1 il 1 2
Minimum value = - = 1140 I
Average value 3033 162 201 1249 W;‘i’l‘ie“ . T&Zﬁ“ﬁg’ About
Aomori logs SMﬂzlmdu? v:cﬂl.{e 4 - = IISSSf ki Larix ndar 50 years
tandard deviation X hekou) water
Coefficient of 124

variation (%)

Table 2. Test cases and purpose.

Test case Purpose Specimen pile
liatureion. Measurement of circumference, length, deflection . )
measurement - All specimen piles
+ Total length
Field Water euien) Range of water content at the time of the recovery
measurement
Test
Visual judgment Judgment of the deterioration state -D” =012~ 0.18 (m)
- " = under 40 (%)
Pilodyn testing Investigation into deterioration situation of the wood - ¢ =20~ 60 (m)
Young's modulus - D =012~ 018 (m)
Values as measured  Computation of Young's modulus values as measured - C = under 40 (%)
Lab by static by static compression + L =20~60(m)
@ ’i)‘rait:ory compression test - Damage degree
es

Young's modulus by
longitudinal vibration

vibration
test

Computation of Young's modulus by longitudinal

judgment : Under 2
+ Pilodyn penetration
: Under 30 mm

a) D: Diameter, b) C: Camber, ¢) L: Length.
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Fig. 3. The mounting position of axial extensometers.
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(c) Aomori logs

Fig. 4. Visual judgment results.
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Fig. 5. Relation between penetration depth and measurement position in Pilodyn testing.

20174£ 9 F )

HERRFE A ACH O3 A~ BRI & 050 g o4l % 219

(a) Kumamoto |ogs

(b)Kochi logs

(c) Aomori logs

Fig. 6. Overview of the samples.

Table 3. Sample characteristics and test values.

Wood Topend Bottomend Average Densit E .9 EY Moisture
Element Item length diameter diameter diameter SR o ¢ content

(mm)  (mm) (mm) (mm) (kg/m®) (&N/mm® (kN/mm®) (%)

Number 7 7 7 i 7 7 7 7
Minimum value 998 124 127 125 6975 6.26 547 95.9
Average value 1001 147 160 153 886.5 8.31 7.56 174.6
K“‘Eagr;“’m Maximum value 1005 172 190 177 10686 1076 9.80 2594
Standard deviation 3 18 23 19 168.9 171 1.68 69.2

Coefficient of

variation (%) 0.3 125 144 122 19.1 206 22:3 39.6

Number 4 4 4 4 4 4 4 4
Minimum value 980 150 153 152 962.6 880 640 1036
Rk Average value 989 153 162 156 996.7 9.81 8.18 137.2
B Maximum value 1000 154 170 159 1036.1 1115 9.50 166.4
& Standard deviation 9 2 7 3 30.2 1.04 1.38 301

Coefficient of

astion 1) 0.9 L2 44 21 30 10.6 16.9 219

Number 2 2 2 2 2 43 2 2
Minimum value 658 162 168 163 801.9 960 940 1140
o Average value 316 164 169 165 881.6 9.85 9.60 1249
ige Maximum value 973 165 170 168 961.3 10.10 9.80 135.8
Standard deviation =~ 223 2 1 4 112.7 0.35 0.28 154
Coefficient of o754 08 21 128 36 29 124

variation (%)

Bk D 31.29H TREARIE A @ ¥ » FT3AA % E 4330 mm
P ETHo A KRIE, M KP OO X
Rohd, H60EFEED AR E FEDY > 7R
ZHREEL TV,
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MAREEEC X 28 Y & ZRE A X 5
MEERG Y~ 7R L el L T2 lEdsk & £
EHTHLIETH -2 oM, By &7
FREITENY » FREE D 5 ~10% K E LilizmT

a) Eyr: Young's modulus by longitudinal vibration method,
b) E.: Youngs modulus by static flexure method.
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Fig. 7. Relation between Young's modulus values as
measured by the static compression and longi-
tudinal vibration tests.

HRBAEAMICBLTH ToMAEPHEL oL 2
LB ETR ST,
3.3 ITHREFOEEFEORE
RERZAT o 7oA R O b, FHORbEL
VE$£1235 mm, ¥ ¥ 7 REAT758 kN/mm* D fE
KEMOKEREEHACTL =60 (m) THH L72#R,
FEFRM IR (2949 kN & oz FREMEETOITE
TARMELHE, —BRIICER SRS ARHHTE
DEADEHT00 kN THSHDT, BERRRZIT-
A RBETITRPOERIZAE I W EF
RSNz Thbb, EEDY YV IRELEOY
VUREE AR LTI, RUIMMER S hc R
SRR BT HITRBEOE AN 2 9 5 R
WMEZAHLTWAIEPHLNERST

4. #pFIAS TR L BERREEAMOHBIEDRE

B s 3B OE LMK E SR ICH M
B L UENREBEZ T /258, FRKI T ICE S
N EEAHER TR EMTER L HE0Y ¥ 7%
MEAL, BEEREOHE,OHIRTETHL L
Mhhotz, REBFBEICESE, FREI TR
S AM 2 BB B2 S HET B DO 5
A RET 5,

Fig. 8 IcEFA AN 72 —%2R7T. £3, OBFF
R S B R KT 2 X O R E RS T 51
WEAFT L, kIZ, @KoTEEZFHIL, frp
FIH R BROAM 2 RET 5, ZOB, &K
I IREDIIRIZ S %35 Z S EIREOE
REMEHDHE T LA, BB EKRBNERD
WAL, EIRRE T ICREE S T2z ARG
RIS LOEEAREY THL EHEILTH Lv.
T, GBE#HYIEE Pilodyn 12 & % ¥ VTIARE

4 )
!

Identification of tree species by literature search
[ Estimation of Young's moduhus]

|

Dimensional measurement
[ Considerations of the requirements
for data to be adopted underground]

Does it satisfy the requirements
for data to be adopted underground?
(Diameter : 0.12~0.18 m, Camber :
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Visual judgment and Pilodyn testing
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Under 30 mm)

Young's modulus by longitudinal vibration test
[ The measurement of the dynamic Young's modulus ]

J
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[ Estimate of the static Young's modulus ]

Canit be driven?
(Check Young's modulus of
standard value or more)

Reeycling facilities,
1 Incineration facilities,
Final waste disposal site

Fig. 8. Flow chart of discrimination to effectively
direct waste wood to local underground reuse.
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