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Binder-less Wood Chip Insulation Panel for Building Use Made
from Wood Processing Residues and Wastes V.
Thermal conductivity and drop impact resistance of sugi bark chip panels*!

Noboru SEKINO*2 and Go YAMAUCHI *3

In this series of studies, a manufacturing technology was developed which uses wood flakes or shavings for
binder-less insulation panels used in buildings. This paper describes the use of sugi (Cryptomeria japonica D. Don)
bark chips in our panels for the purpose of expanding the choice of potential raw materials. Bark chip panels
ranging in density from 100 to 180 kg/m® were manufactured using bark chips of three different sizes. Thermal
conductivity and drop impact resistance were tested and compared to our conventional panels made with wood
flakes or shavings. The best panel performance which balances superior thermal insulation properties and superior
drop impact resistance was obtained for panels with a density of 140 kg/m® (optimum panel density), irrespective
of the bark chip size. The bark chip panels at that density showed better thermal insulation properties (a thermal
conductivity of 0.07 W/mK) and better drop impact resistance than the sugi wood flake panels with the same
density. When compared to the wood shaving panels, however, the thermal insulation properties of the bark chip
panels were found to be inferior in terms of higher thermal conductivity, because the thermal conductivity of the
wood shaving panels was lower (0.06 W/mK) due to the lower optimum panel density of around 100 kg/m?® to
maintain drop impact resistance.

Keywords - insulation panel, sugi bark, thermal conductivity, drop impact.
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Table 1. Dimensions and mat bulk density of sugi bark chip
specimens.

Mat bulk
: density
Thickness | (kg/m’)
0.35=0.28 65
0.29+0.19 60
0.39=0.20 55

Chip Dimensions (mm, ave * std, 72 ="50)
size | Length Width
S |941+334 | 1.84+0.60

M |1395%7.71| 260+1.24
L ]1630£859 | 270+1.04
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Polyethylene film
Thickness; 0.15 mm
Density; 992 kg/m?
Thermal conductivity;
0.34 W/mK

MDF
Thickness; 2.6 mm
Density; 783 kg/m?
Thermal conductivity:
0.133 W/mK
MOE:; 3.61 GPa

Fig. 1. View of a sugi bark chip panel specimen.

Table 2. Combinations of panel density and chip size, and
their mat compression ratios (ratio of panel density
to mat bulk density) for sugi bark chip panels.

Panel Compression ratio

dens1ty = =

(kg/m’) S M I
100 15 = =
120 1.8 = 22
140 22 2.3 25
160 25 27 29
180 28 30 33

* Chip size ; see Table 1.
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Fig.2. Relationship between Young’s modulus and
compressive stress obtained for sugi bark chip
panels.

Note: S, M and L show the size of sugi bark chips ; see
Table 1.
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Table 3. Compressive stresses retained after 8 weeks (o) and results of the drop impact test for sugi bark chip panels.

i Panel densi i s/a0X 1007
SCIIZI(LB ar(lig(}ms)s ty (l((IPa) 7 a& % )100 Indices”
100 0.74 42 Y
120 414 86 m
S 140 10.6 122 i
160 17.0 118 I
180 16.3 90 I
140 0.97 20 I
M 160 8.08 80 I
180 8.64 67 I
120 0.90 30 Jilg
L 140 493 50 I
160 9.45 68 I
180 255 124 I
* See Table 1.

" Mean values for two panel specimens predicted by measuring Young’ s modulus.

¢ Percentile retained compressive stress of the initial one (o).

¢ Indices of drop impact resistance : I; no damage, II ; partial delamination of surface chips (less than one third of the whole
area), Il ; partial delamination of surface chips (more than one third of the whole area), IV ; partial mat collapse to a depth

of 5 mm from the surface.

E1HY CRELLEATKE 7 L—2/hF8%00
(7 V=27 O¥FHg~FEE; 21x5%04mm, ¥ v MEE
FE ; 78kg/m®) TiX, 7SFIVEE120kg/m® TL N
V (RIS /71365kPa), 140kg/m® T L XV
(114kPa) THo7zo L7Ao T, SHEDR TR
INF SR VIR T DM BN A TR
BENDEE XD TOEBHDVEDIZ, PMRED
MENEZONE, Thbb, hvF4v73INC
XBWEAN ORI L —F—ICE BRI LD
bEMMAMAL, MR EOBEBREDKE I L%
WEhs, —F, £3H TEELLAFABLSL
—F =B8RV TIE, SR NVEEI kg/m® FET
LAV T OERE GRERIIE15 kPa L L) 2%
bz, BFETLV—F—BoO~y MEFEILM~
42 kg/m® T, A EIOBE/NFICH LT 1/2~2/3 DfE
Thb, TRbLbHHMMIIEVEMHLIHELND X
FARET L —F —B/SRNV DT DA X7 %
WED DEBEIENSL LS Z 5o
3.2 HrEit

Fig 3 1&, BMZER ) OWEREREZ SANVEEL
DODHEBTRL TS, £5848MED A FHEIX
0.067~0.082 W/mK O#HICH ), /SR NVEEDHE
MMCoNTARKEL ZBBEAICH o2 T2, [
—BEICBTBEITA ABOAEEERERTo 72
MR, S/AKESFLD LIE, BE120kg/m® TOL
/N, 140 kg/m® TOM/NF, 180 kg/m® TOM/NK
LT, fERES B THEEINSWEE 2572,
—7, BE140kgm® TOL/NF, BEL60kg/m® T

0.10

Thermal conductivity (W/mK)

80 100 120 140 160 180 200
Panel density (kg/ma)

Fig. 3.  Relationships between panel density and thermal
conductivity (ave=std, n=8) obtained for sugi
bark chip panels.

S, M and L show the size of sugi bark chips ; see
Table 1. The broken line ; sugi wood flake panels
reported in Ref. 6).

Notes :
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