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Abstract Research and commercialization of wood chips-urethane resin mixtures as paving materials for park trails
and tourist attractions are underway. The aim of this study was to expand the use of such paving materials to the
playgrounds, where vigorous physical movements occur frequently. For this purpose, the physical properties and safety
of the paving material, in which some or all of the wood chips(passing through a 10mm sieve and remaining in a
3mm sieve) were replaced with sawdust, were studied experimentally. Strength, elastic modulus, slip resistance, shock
absorption and heavy metal content tests were carried out by varying the mixing ratio of urethane resin, sawdust and
wood chip. As a result, in the case of wood chip-resin mixtures with mass ratios of the resin to total mass of sawdust
and wood chips of 1.0 and 1.2 and having a ratio of sawdust mass to total mass of sawdust and wood chips of 0-0.4,
it was found that the properties satisfied KS F 3888-2. On the other hand, in case of using sawdust only as a woody
material, the shock absorbability was below standard, and the mass ratio of resin to sawdust required 1.2 or more

to ensure the specified tensile strength.
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Fig. 1. Mixing of materials
Table 1. Mix proportions

Material mixing ratio
Test Specimen (mass ratio)

series no. . Saw Wood
Resin .

dust chip

1-1 1.0 1.0 0

1-2 1.1 1.0 0

Series 1 1-3 12 1.0 0
1-4 1.3 1.0 0

1-5 1.4 1.0 0

2-1 1.0 0 1.0

2-2 1.0 0.2 0.8

. 2-3 1.0 0.4 0.6
Series 2 24 12 0 1.0
2-5 1.2 0.2 0.8

2-6 1.2 0.4 0.6
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Table 2. Test items
Speci Test Items
Test pect Strength 4 Shock
: men Elastic .
series Tens | Flex | BPN absorpti
no. R modulus
ile ural on
1-1 O o (0] - -
1-2 O o (6] - -
Series 1 1-3 (0] (@] (0] - -
1-4 O [0 O - -
1-5 O [0) O O [0
2-1 (¢} (0] [0) - -
2-2 (¢} (6] [0) - -
. 2-3 [0) [0} [0) - -
Seies 24 T o | 0 | o 0 0
2-5 [0) (¢] [0) - -
2-6 [0) [¢] O [0} [0}
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Fig. 2. Tensile & Flexural strength test
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Fig. 3. Slip resistance test
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Fig. 5. Shock absorption test

>,
o2
r =l

7] Im x Im 2
Smme] ZHOE AJE
B S
Hol| A 24zt TU3E

RE 7159 AAgkE 4 @

q|
55

ol
-

£ o
o,

o Rd om T
¥ o g oo
o>
r_& o
&
Ftl

=

n&i'

ol
-

@

676

% FA R Zlﬁﬂ’é}ﬁiﬁ}. WA
= EXH HA-7A EF ADAE Smm o]ske] A7
ko] 7t Zefrnzo YW
o] pH 5.8~6.32.% 3 &ul&

=

& FReel 9

1:109] vj&=2 &

mlo [

B Ac]—ol-o]]}q 3l *,g X]El-7]§
S

o1,

(b)

Fig. 6. Heavy metal leaching test (a) Sample preparation
(b) ICP spectrometer
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Table 3. Results of physical property test
Test items
Speci Strength Shock
Test .
serics men (MPa) BPN Eppyp | absorpti
no. Tens | Flex (MPa) on
ile ural (MPa)
1-1 0.3 1.2 66 - -
1-2 0.5 2.0 63 - -
Series 1 1-3 0.6 24 54 - -
1-4 0.7 2.7 49 - -
1-5 0.9 33 40 82 20
2-1 0.8 3.1 63 - -
2-2 0.7 2.7 62 - -
. 2-3 0.7 2.6 74 - -
Series 2
2-4 1.0 3.8 59 48 27
2-5 1.1 38 60 - -
2-6 1.1 4.1 78 64 30




i g 1 SHER A2 By 2 54
31 Z4x EN R i E e
Fig. 73} Fig. 82 474 %we} 374w ANEAHE 1} % Fig. 8ollX BEAREZA 54| 39 5 34
R 2102 Fig. 78 BAARZA B9e Abget 4 ARE A= 52 AR ol oig x]9] A 1.0
Sof tlgt Ao, Fig. 8& EAARZA 24 F7 & R 129 9, IFFE= 47 0.7~08MPa H 1.0~
uhe 3 ALg-sk Ao ek Aoluh 1.IMPa A&EE dellon, IAPEE 2M7t 26~
3.IMPa ¥ 3.8~4.1MPa% ¢S yelith
* SHA Table 4% A9 A5 Al w4 A A%
—e— Flexural str.
—=— Tensile str. o] &k KS F 3888- 24 F4 715 e Ao E o
T AN QAT e w24 B A (EA
<. & 5%)°] 7% 0.6MPa olae. TF4E o] Stk o] %
2 w1l o wf 5 Alsel] digh 2o A 1.0
2! opdeln EA Ago] digh Futel W] 04 o|std
./-/'/'/. = BF FAS vk gloh ey EAA s A
T e Apgste A9t il @ Aol Al
Resm/Sawdust rato 1.2 o]3loll A= o] 7]EE WHEEHA] 23alelr] wfitel &
Fig. 7. Strength test results (Series 1) wlo] et xo] AH|= 12 oAbo] WA Ao
FretE vk

S0y * *
1.0
=3
=
2 l\n—n
=
2
@
D05
g —&— Resin ratio 1.0
= —&— Resin ratio 1.2
0.0 0.2 04
Sawdust / (Sawdust + Woodchip) ratio
(2)
5.0
40+ e 4
©
[
=
~ 30k
=
£ l\.\.
c
e
® 20
E
3
] —=— Resin ratio 1.0
 1or —&— Resin ratio 1.2
0.0 0.2 0.4
Sawdust / (Sawdust + Woodchip) ratio
(b)
Fig. 8. Strength test results (Series 2) (a) Tensile

strength (b) Flexural strength

Fig. 7914 &itoll ik =4)¢] 4 Ekﬂlé 1.02. 255
142 Z7FAR ] et Alg e AR EE 0.3MPadl
A 0.9MPaZ Z7}sla, 7 1.2MPal A 3.3MPa

-
T

677

Table 4. Quality standards for elastic paving products
(KS F 3888-2)

T For track Multi purpose
est
items Type | Type | Type | Type | Type | Type
1,34 2 5 6 7,9 8
Tensile
strength 067 | 057 067 | 057 067 091
(MPa)
Elongation
60 1 4017 | 601 401 601 180 1
(%)
BPN 471 - - - -
Shock
absorption 35 -50 25 -50[25 -50(25 - 50 -
(%)
Vertical
deform (mm) 0.6-3.5 350 | 351 351 -
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Table 5. Heavy metal content test results

D
Sample I_::tg Test results Iier::i‘t:t kS (]:] ;kii);s_z
(mg/ke)
Pb Not detected 5 90 |
Specimen no. Ccd Not detected 1 50 |
13 & 2-1 | Not detected 1 25 |
Hg Not detected 1 25 |

Table 6. Heavy metal leaching test results

Extraction of heavy metals (mg/kg)

Sample
Pb | cd Cu Ni Zn
Wood chip | 0.05 | 004 | 005 0.04 0.14
Sp“‘;“i“ "1 005 | 004 | 005 0.04 0.10
KS F 38882 | - - | 770000 | 930) | 46,000/
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