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1
Table . Properties of larch cement board in relation to
treatment with urea-melamine resin
B bl | E B E 4 piE] KRBR DB & BKE, [ESEEFE
1 week after remove|2 week after remove|4 week after remove| Residual strength, water absorption,
g | cramo cramp cramp thickness swelling after soaking
Tre?%";em s | S | fhdssa | rHERs |ty | S |t | F#Ess | Rk £ (|ESEEER
Bending |Compress.| Bending |Compress.| Bending |Compress.| Bending |Compress{Water ‘| Thickness
strength |strength |strength [strength |strength |strength |strength |strength |absorptionjswelling
(kg/cm?) | (kg/cm?) | (kg/cm?)| (kgfem?) | (kg/cm?) | (kglem?) | (kg/em?) | (kg/cm?) (%) (%)
1 24.0 - 24.7 — 23.5 — 17.8 - 33.7 2.3
3 29.2 31.7 33.4 - 19.4 — 30.6 1.9
5 32.9 — 38.6 — 53.3 - 18.3 — 32.8 1.6
10 69.7 88.4 71.4 94.0 78.0 105.4 47.7 51.7 18.3 1.2




1.0 B 70 80kg cm?
10 78.0kg Cr?
47.7kg cm? 60
18.3 1.2
30 1.6 2.3
10
2.2.2
63 83kg on? 10
13
30
18
18
2 5
Table 2 Properties of larch cement board in relation to
treatment with urea formaldehyde resin mixed
5 liquid paraffin
E 1 B E 2 P} 3 4 KR ERORAEE ERAE, ESRER
1 week after remove |2 week after remove | 4 week after remove Residual strength, water absorption,
Bl | STamP cramp cramp ’ thickness swelling after soaking
Treg;g;‘em Hrms | MBS | f0s | EERs | s | EREs | ol | FERS | B ok R |[ESpER
Bending |Compress.|Bending |[Compress.{ Bending [Compress.| Bending [CompressWater . [Thickness
strength [strength |strength |strength strength |strength |strength |strength |absorption/swelling
(kg/cm?) | (kglem?) | (kg/fem?) | (kg/em?) | (ke/em®) | (kz/cm?) | (kglecm?) | (kgl cm?) (%) (%)
3 41.6 68.5 54.7 80.4 63.6 73.1 41.6 51.7 19.3 0.9
5 55.6 71.2 59.9 81.2 83.2 79.3 46.1 57.9 19.4 0.3
7 45.2 70.6 55.0 76.1 81.2 95.1 51.2 70.3 18.0 0.2
0 47.1 73.1 50.7 78.5 59.5 78.6 31.5 48.3 18.8 0.6
109 59.6 78.6 63.8 82.4 75.5 97.1 52.3 55.4 17.9 0.2

a
Remark a Board which is composed of flake type larch particle
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60
2.2.3
1 10
60 70kg cr? 70 80kg
cn
10
" 30 40 70 80
70 80
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0.40 1
3
Table 3 Properties of larch cement board in relation to
treatment with liquid paraffin
£ 1 plc - 2 P} £ 4 pE] KREER DI EIE & BKE, FSE
1 week after remove | 2 week after remove | 4 week after remove| Residual strength, water absorption,
AL & | cramp cramp cramp thickness swelling after soaking
Treatment
s | s | ghodes | MRS | BiURE | B s | dhoiss | ERRE | R K R | ESEER
Bending |Compress.| Bending |Compress.| Bending [Compress.| Bending |Compress.[Water Thickness
strength |strength | strength |strength | strength |strength strength |strength |absorption|swelling
(kglem?) | (kg/em® | (kg/cm?) | (kg/em?) | (kg/ecm?) | (kg/emr?) | (kg/em?) | (kg/ecm?) (%) (%
1 68.6 88.3 68.5 69.7 69.7 80.3 44,6 49.2 18.2 2.3
2 73.0 84.0 66.9 92.2 80.5 84.6 43.5 52.1 18.1 2.0
3 73.9 101.7 64.3 106.9 81.4 102.5 47.1 60. 4 18.2 1.6
5 70.6 85.8 62.8 89.0 72.7 103.5 49.5 63.2 17.9 1.3
10 61.1 84.1 66.6 83.5 68.7 95.2 45.9 54.4 18.1 0.9
5

2.2.4



Table 4.

4
Properties of larch cement board in_
relation to treatrnent with waste oil

) 2 1 2 piE] B B KRIERDEATHE & BOKER, LR
1 week after remove | 2 week after remove | 4 week after remove Residual strength, water absorption,
i R | CramP cramp cramp thickness swelling after soaking
Trestment| gyygns | [Efgins | gorses | RS | dhouss | RIS | s | RIS | R OK R HSIZEPE
Bending |Compress.| Bending [Compress.| Bending |Compress.| Bending [Compress [Water Thickness
strength |strength strength |strength | strength |strength | strength |strength |absorption|swelling
(kg/cm®) | (kg/em?) | (kg/em?) | (kg/cm?) | (kg/em?) | (kefem?) | (kgl/em?) | (kg/cm?) (%) (%)
2 66. 4 87.0 69.7 93.4 65.6 39.4 49.3 63.2 19.1 1.7
3 67.2 91.0 68.0 88.4 72.6 79.4 49.3 58.7 18.3 1.2
2.2.5
30 10 20
a—a  REHE
( %) Urea resin (°l)
S S 5 N
4ot 0—0 HESTT4 Y 41
0 LP. = a—a  IREBIE
" o—0 I;Tiﬁff/ﬁzﬂu Bt A A Urea resin
'5 \‘\ x| %ﬂg 0—O F#/NT T4
§ 30+ a Urea Resin+L.P. 2 7 3F L.P.
5 2 x O—O RFEHE - 8T
4 K : e \8 HE
4 N U .
“ 0 rea resin + L.P,
5 20f _ _ —8——»o [ R— Sm2r \Xa
= # Q9—0 o é - \O\A
- \O\A
10 F 1l \u\ \o
ﬂ\ DE__P
A 1 1 1 i — i L A A L " e
1 2 3 45 7 10 (%) 1 2 3 4 5 7 10(%%)
2 i & pas i B
Treatment Treatment
1 2

Fig 1 Relationship between treatment and water

absorption of board

20

2.2.6

Fig 2 Relationship between treatment and thickness

10



2.3

Table 5 Propertles of wood cement board composed of
Siberian larch by various oils

4

&

4 week after remove

KRR ORFHRE & kR, S B8

Residual strength, water absorption,

cramp thickness swelling after soaking
moomB . "
Kind of ol | Mlreaiments | WUES | EREE | @oms | ERES | Bk F |G HEE
Bending |Compress.|{ Bending |Compress.|Water Thickness
strength |strength strength |[strength |absorption|swelling
(%) (kg/cm?) | (kg/em?) | (kg/cm?) (kg/ cm?) (%) (
; _ 3 — - - - — -
wE# 774 5 30.7 13.2 3.9 6.3 38.7 2.4
Liquid paraffin 7 26.2 10.0 5.0 5.6 41.5 1.9
10 - = - - - -
: 2 11.7 9.8 - 45.6 3.5
Waste oil 3 12.3 13.8 - — 47.5 4.6
. . 2 60.3 82.9 22.1 26.2 23.6 1.6
RGO | 4 72.2 54.5 48.5 47.2 20.1 1.3
Lubricating o1l 5 75.2 66.3 52.8 52.7 18.1 0.7
7 57.0 40.8 25.2 33.4 24.8 1.7
10
20 30kg o  10kg cr?
9’
20

10



3.1
3.1.1

3.1.2

3.1.3

10

1lcm

61.5
20 80

10
160

kg o

2.5 10
0.30 0.45

0.5

20

200rpm

80

25



3.1.4

25

25 65

3.1.5

cm

500kg

3.2

20 80

0.50
0.5

14

4 5kg on?
35

3.2.1

3.2.1.1

6
Board manufacture condition

Table 6
25 Qr & % #
Factor Condition
INREKRE (%) 80, 60, 20,
Moisture content
ik 1 A i
23 Liquid paraffin Waste oil
Kind of oil W o —& M
32x 34cm Machine oil A—heavey oil
6, 4, 2, 1 UNFYEKER 20%DHE)
nER GIAE ) (For M.C. of 80, 20%)
Treatment 10, 7.5, 5, 2.5 UNMFEKEOBDIES)
(For M.C. of 60%)
K/t A v b K
Water/ cement ratio 0.45, 0.40, 0.35, 0.30
K& 4 v + K 1-3
Wood/cement ratio .
BILA YD L (H) 3, 0% (ts v rERKL)
Addition of CaClz (Ratio of cement weight)
.G. of hoard . G.
13 14 e
x 28 Thickness of board 15mm
X cm 1.25% 12cm
10  /min
30kg cm cm
20.1 74.1
0.50
1.0 50 60kg cm?
2.5kg cm o
20
20
38 55kg o

55.4kg cm?



7 20

Table 7 ggoperties of wood cement board composed of

-moisture-content particles
Wm0 BB | R OB OB | HUWME | Q<owE A%dh %K R | BAKES
. . R x4 F — | 2R
Kind of oil Treatment Bendin, Internal Absorbed energy |Water Thickness
strengt. bond in impact bending |absorption| swelling
(kg/em?) | (kg/cm? (kg + cmm/em?) (92) %)
. 6 47.1 3.4 1.5 26.5 2.5
BT T 4 v 4 45.6 4.5 2.0 27.8 1.8
Liquid paraffin 2 45.1 3.5 1.6 27.4 2.5
1 52.3 6.9 2.4 25.2 1.6
6 42.6 4.2 2.1 28.9 1.9
4 55.4 4.8 1.9 31.6 1.8
Waste oil 2 45.8 4.0 1.6 31.8 2.3
1 49.0 3.9 1.8 32.6 2.5
. 6 37.8 4.1 1.7 311 2.7
BOM 4 40.3 4.1 1.7 32.1 2.6
Machine oil 2 38.4 4.1 1.7 33.4 2.7
1 42.7 4.4 2.1 33.5 2.9
6 39.2 4.1 1.7 33.0 2.4
A B 4 45.5 4.3 1.5 32.1 2.2
A—havey oil 2 47.8 4.3 1.5 32.8 2.3
1 46.5 4.3 1.8 27.1 2.4
(kg/cmz)
0.50 co| CMBITTAY L.P. B
o FE il Waste of — g
- /g/‘ -
& Hf °/ /,‘
-~
& 740 o x/A
2 /4&/A
o
£ i Q7
3.2.1.2 fw2ol
memte - & HEMH  Machine oil
x A A-heavy oil
2 —t
4.0 kg cn 030 035 040 045
6.9kg K/EAY M
, Water/cement ratio
cm
3 20
Fig 3 Relationship between water cement ratio
and bending strength of board moisture
content of flake 20
3.2.1.3
35
25 27 10 30
3.2.2 60
60
3.2.2.1

20
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Table 8 Pro
60 pe

60

moisture_ content particles

rties of wood cement board composed of

oo @M M W R | MOBS |@oms | HESHY B Kk F | BokEX
King of oil Treatment Bending | Internal IR = A v & — Water (2
strength bond Abscrbed energy |absorption| Thickness
(%) (kg/cm®) | (kg/cm?) | in impact bending swelling
(kg * cm/cm?) (%) %
. _ 10.0 47.3 4.1 2.2 32.2 2.6
[ N 7.5 42.3 3.3 2.0 31.1 3.1
Liquid paraffin 5.0 40.4 2.8 1.7 33.0 3.5
2.5 45.6 3.8 2.0 34.9 3.4
10.0 62.6 5.0 2.0 25.2 2.0
o 7.5 37.6 3.5 1.7 33.6 2.5
Waste oil 5.0 46.9 4.9 1.7 33.4 2.2
2.5 40.1 3.0 1.9 36.5 2.4
10.0 36.0 2.6 1.7 31.8 2.9
# 1 ih 7.5 25.9 1.1 1.7 37.7 3.6
Machine o1l 5.0 22.5 1.4 1.5 41.0 3.4
2.5 23.1 1.6 1.6 40.2 3.4
N 10.0 31.6 1.9 1.4 36.7 2.3
A & 7.5 24.1 1.4 1.8 36.6 2.6
A—heavy oil 5.0 16.6 1.0 1.4 41.5 3.3
2.5 16.1 0.8 1.3 46.3 3.6
20
0.35 (kg/em?2)
60 o-
<= i 0=
§740 /u
3 7 /8 a
‘ % A=
0.45 ® o 0 /'/)'i/
7 .20 -y a
& % 27 %
3.2.2.2
3.0 La
030 035 040 045
5.0kg cn? kA Vb
2 Water/cement ratio
kg cm (EERFEIWIAL)
{Marks are same as Fig. 3)
4 60
Fig 4 Relationship between water cement
20 Ratio and bending strength of board
M.C of flake 60
3.2.3 80
80
3.2.3.1
50
60kg cm? 63.2 kg cn?
42 49%g ci?



80

9
Table 9 Properties of wood cement board composed of
é())e -moisture-content particles

Wm0 BB (R B R | IS | 30H Fagdh iy %K E | BKES
. . RIL T oL F — 2k
Kind of o1l Treatment Bendin Internal Absorbed energy |Water Thickness
strengt| bond in impact bending abso%)tion swelling
(%) (kg/cm?) | (kgl/cm? (kg * cm/cm?) (%) %
6 53.1 5.2 1.8 25.4 2.6
BT T 4 v 4 63.2 6.3 2.0 23.5 2.1
Liquid paraffin 2 47.6 4.6 1.8 31.4 2.5
1 51.0 4.6 1.9 33.6 2.6
6 4.4 3.8 2.1 33.1 2.6
A 4 46.3 4.4 1.8 34.5 2.7
Waste oil 2 44.8 4.0 1.9 32.7 2.9
1 47.9 3.6 1.7 31.8 3.2
6 46. 4 5.2 1.8 30.9 3.0
Bk i 4 48.8 3.5 2.0 33.7 2.8
Machine oil 2 42.4 4.4 1.6 29.6 2.8
1 42.4 3.8 1.8 33.6 3.3
. 6 35.1 3.2 1.8 33.6 2.6
A g i 4 32.5 2.6 1.7 34.0 2.6
A—heavy oil 2 30.6 2.7 1.8 36.0 2.8
1 36.6 3.7 1.4 31.2 2.6
60 20 30
A 20 60 80
(kgjem2)
'
60
Q
= i g
a0
0.40 0.45 Fe 0~k
o W7 40 /)('
0.50 4 e
;5 GE ’n/x
= ’A
2 %20 /
,X
L -
Q35 040 045
KAV N
Water/cement ratio
(EFIEHIFCEL)
20 80 (Marks are same as Fig. 3)
20 80 ; "
Fig 5 Relationship between water cement
ratio and bending strength of board
M.C of flake 80
3.2.3.2
4.5 6.0kg cm?

6.3kg cm?



3.2.3.3

10

3.3

0.40 0.45

18

1.0

40 60

90 100kg cm?

50 60kg cm?

25



4.1

4.1.1
12cm
0.2 0.4 0.5
40
10
1601
kg cm?
200 rpm
4.1.2
10
10
Tablel0 Board manufacture condition
S + % #
Factor Condition
N B E( )
4.2 'l/'hickness ofx?lg]ke 0.2, 0.4, 0.5
i M o B M| BT
0.2 0.4 Kind of oil Liquid paraffin
0.5 MR (HARES)
- Treatment (Ratio | 2.5, 5.0, 7.5, 10.0 (%)
0.18 0.36 0.50 of wood weight)
’ ) ’ K€ 4 v b i
Water/cement ratio 0.50, 0.55, 0.60
K/ € » v b K R
70 Wood/cement ratio 1:3
BT YL (%) I~6% (ex v ERE)
4.2.1 Addition of CaCl (Ratio of cement weight)
o R L1 (RUEHE)
S.G. of board (8. G
0.2 10
0.45 0.60
0.45
0.45
0.45 0.60
4.2.2 0.2
11 0.2
10 0.60

10 2.5 30 40



11 0.2m
Table 11. Properties of wood cement board composed of
0.2 mn thi

ckness _particles.
oM B ROV L kS A ) F - K| s | HOIREE | o /| < MRS | R K R | BkEa
(F® 7700 m & J: A e # =
Treatment of { Addition |Water/cement| S.G. of | Bending | Stress at Young’s | Internal [Water Thickness
liquid paraffin| of CaClz |ratio board | strength | prop. limit [ modulus | board abso;éation swelling
(%) (%) (kg/cm®) | (kg/em?®) | (ton/cm?) | (kg/cm?) (%) (%)
0.50 1.08 81.9 43.5 22.5 2.1 27.0 3.4
6 0.55 1.06 80.5 44.9 22.0 1.4 30.0 3.2
0.60 .11 87.7 49.7 25.0 2.3 23.0 3.2
2.5
0.50 1.05 62.9 37.8 17.4 1.5 31.9 3.8
5 0.55 1.05 73.8 39.0 19.5 1.3 28.2 3.5
0.60 1.02 58.7 33.1 13.8 0.5 32.9 4.3
0.50 1.03 59.6 33.9 15.4 0.8 30.9 3.5
6 0.55 1.09 72.7 38.1 21.0 1.4 25.7 3.0
0.60 1.10 84.4 41.0 24.0 2.7 24.0 2.6
5.0
0.50 1.05 70.1 41.5 20.6 1.2 28.6 3.0
5 0.55 1.02 52.5 29.9 13.0 0.8 32.3 3.8
0.60
0.50 1.07 74.1 40.0 22.8 2.0 26.1 2.8
6 0.55 1.08 71.1 38.5 22.2 2.4 23.0 2.8
. 0.60 1.03 53.1 30.9 14.8 0.9 28.6 3.5
.5
0.50 1.04 50.3 33.1 14.4 1.0 29.0 3.4
5 0.55 0.99 39.5 24.4 9.9 0.3 34.1 4.9
0.60
0.50 2 51.8 7.0 12.6 0.6 29.3 3.2
6 0.55 1.08 74.2 34.1 21.3 1.6 23.2 2.7
0.60 . 57.6 24.4 15.1 0.7 26.8 2.9
10.0
0.50 1.04 68.4 35.6 17.3 1.1 29.2 3.0
5 0.55 0.97 40.0 25.0 9.8 0.5 32.0 4.8
0.60
kg o 90
100kg cn? 0.2
0.60 0.50 0.55
0.2
2.5 0.50 0.55
80 90kg cm?
2.0kg o
0.2
23 33
4.2.3 0.4
12 0.4
0.4 0.50 0.60
10
85 100kg cm?
100kg cm? 0.2

kg o



12 0.4mm
Table 12 Properties of wood cement board composed of
0.4mn_thickness particles

o R (B a|K/ A v R K = K B HAIREE | v 7 RE | KM | &Kk R | BRKES
(F# 774 M B Ja - e # &
Treatment of | Addition of | Water/cement|S.G. of BendinE Stress at. Young’s | Internal |Water Thickness
liquid paraffin| CaCle ratio board strength | prop. limit| modulus | bond absogénion swelling
(%) (%) (kg/cm? | (kg/cm?) | (ton/cm?) | (kg/cm?) (%) %
0.50 1.05 83.6 47.5 25.2 1.8 28.7 3.5
6 0.55 1.07 96.0 55.7 28.0 3.0 21.3 3.1
) 0.60 1.08 86.7 51.3 27.7 4.5 22.5 3.4
.5
0.50 1.02 85.2 48.3 22.8 1.7 32.2 3.8
5 0.55 1.05 99.5 52.0 26.1 2.4 26.7 3.2
0.60 1.07 88.1 52.4 26.5 3.2 26.3 3.3
0.50 1.02 83.3 40.5 21.0 2.3 27.4 3.0
6 0.55 1.06 81.7 44.3 24.7 3.9 26.5 3.1
0.60 1.05 82.4 44.8 25.3 4.0 24.0 3.0
5.0
0.50 1.07 89.1 46.4 27.7 3.3 28.6 3.0
5 0.55 1.08 85.8 46.7 25.8 3.3 25.8 2.9
0.60 1.08 96.8 52.0 28.7 3.1 23.5 3.1
0.50 1.08 99.5 48.0 27.1 2.7 24.1 3.0
6 0.55 1.07 85.2 42.6 25.9 5.1 23.1 2.7
0.60 1.09 87.3 46.8 24.4 4.8 20.5 2.6
7.0
0.50 1.09 85.9 43.9 26.3 3.6 22.9 3.2
5 0.55 1.07 86.8 45.3 26.3 4.0 25.5 3.2
0.60 1.07 82.6 42.1 27.1 4.2 22.2 2.8
0.50 1.07 82.4 33.7 20.1 3.4 21.8 3.2
6 0.55 1.08 77.4 38.6 22.5 4.5 23.2 2.9
0.0 0.60 1.09 78.1 41.6 24.1 5.4 20.6 2.8
10. -
0.50 1.07 85.2 42.1 25.2 3.8 24.5 2.8
5 0.55 1.06 78.1 40.8 23.9 3.5 26.8 3.1
0.66 1.07 85.9 41.9 25.2 3.1 24.9 3.2
20 28 10
4.2.4 0.5
13 0.5
55 80kg cm? 0.4 20
0.5
0.5
0.4 4.2.2
0.4
0.5
19 27
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13 0.5 mm
Table 13 Properties of wood cement board composed of
0.5m_thickness particles

IR - WU AN DN S - Al S 15+ HHIRE | v v 73R8 | KRS | Bk R | BAKES
(FE7 7400 M # K & e # =
Treatment of | Addition of [Water/cement| S.G. of | Bending |Stress at Young's Internal |Water Thickness
liquid paraffin| CaClz ratio board | strength |prop. limit| modulus | bond abso;é)tion swelling
(%) ( (kg/cm?®) | (kg/cm?) | (ton/cm?)| (kg/cm?) (%) (%
0.50 1.04 64.8 34.4 22.1 2.4 26.5 3.7
6 0.55 1.05 80.9 40.3 23.8 3.8 26.9 2.9
0.60 1.07 63.3 36.0 22.3 4.8 22.6 3.3
2.5
0.50 1.04 65.6 34.9 20.8 2.7 25.0 4.0
5 0.55 1.06 76.5 41.9 24.9 3.5 24.8 2.9
0.60 1.07 65.9 35.9 22.9
0.50 1.04 54.8 30.5 20.1
6 0.55 1.06 78.6 38.2 26.0 4.0 21.6 3.0
0.60 1.05 61.0 30.9 21.4 4.3 21.6 3.1
5.0
0.50 1.02 56.9 30.9 18.4
5 0.55 1.07 64.8 34.2 22.6 3.9 22.4 2.8
0.60 1.07 60.8 32.5 21.3 4.4 19.7 3.0
0.50 1.05 68.1 32.0 21.7 3.4 22.6 2.8
6 0.55 1.06 55.4 29.7 22.1 4.1 19.6 3.3
0.60 1.05 55.5 30.4 20.9
7.5
0.50 1.05 70.0 36.6 23.8- 3.9 18. 2.9
5 0.55 1.06 60.3 33.2 21.0 4.1 20. 2.8
0.60 1.04 50.3 26.1 18.5
0.50 1.04 65.6 31.6 20.8 4.4 20.7 2.4
6 0.55 1.06 74.7 40.5 25.1 4.8 19.4 2.8
0.60 1.08 66.4 36.2 24.6
10.0
0.50 1.07 73.5 38.2 23.1 3.7 22.4 3.3
5 0.55 1.06 55.2 29.6 20.6 4.4 20.8 3.2
0.60 1.06 61.9 36.3 20.3
4.2.5.1
0.2 0.4 0.5 72 83 63%kg o + kg o
0.4
(Kgkm?) (Kglem# )
90r 90
% %
¥ 4 80F g i 8o
5 S F
@ f )
80 to 5
Lol £ x
T & 00 £ < 70F
Ios) [a']
60 60
\r,
T ] 1 T 1 ! 1 )
02 0.4 0.5 25 50 75 100
A fr g x(mm) momg (%)
Flake thickness Treatment

6
Fig 6 Effect or flake thickness and oil treatment
in bending strength of board
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Fig 7 Effect of flake thickness oil treatment and
water cement ratio in Young' s modulus of board
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Fig 8 Effect of flake thickness and oil
treatment ratein internal bond of board
board
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Fig 9 Effect of flake thickness and oil treatment
in water absorption and thickness swelling
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Table 14 Testing method for fire-proof board material by JIS A 1321 and
The item with requirement value in surface test
® X ] RME OB B B M o RN HoxA " OE K
Material grade on Combustibility Combustibility Toxity of
incombustibilty of surface of bcdy combustion gas
E-3 k X B
x ?Sradeﬂl ® Heating test —
’ % & X B from whole side
Heating test 7 i =% B - v oz R B
. | from one side -
LA N I B 3 Heating test Mouse test
Grade 2 of surface from one surface
with holes
® O ® # * _
Grade 3
%?&"Fd%ﬁﬁ %éﬁgﬁﬁ ﬁifﬁﬁﬁ H & 8 #
FRX S Tc s o
Y ; Heat gene- Smoke Aftre Crack for-
Grade (min) ation index density flame mation
(°Cxmin) index (sec) throgh board
ENE: I = 0 30 LIF
Grade 1 30 or less
=R R 3Lk 100 BLF 60 LI 30 U F gan 1410
Grade ? 3 or more 100 or less 60 or less 30 or less 128
_— 1710 of
# M MoK 350 LIF 120 BIF thickness
Grade 3 350 or less 120 or less or less
52
14
5.1
0.2 13
15

JIS A 1321

10



Te Tdé 15 .
Tablel5 Board manufacture condition
C.A. ¥ %
Factor Condition
2B - 1 RENYT T4y
Kind of oil Liquid .paraffin
B m B & (% |25 50 7.5 10.0
Treatment
5.2 k& A v b | 0.50, 0.55, 0.60
Water/ cement ratio
5.2.1
Bty n (%) 6.0
16 Addition of CaClz
K/ & A4 v b K 3.0
Wood/ cement ratio
13 £ - K 1) (REHE)
S.G. of board (8.G)
0.2
2
5.2.2
17
16
Table 16 Physical properties of wood cement board composed of flake type larch
particle treated with liquid paraffin
U = I 7 A < A I o B2 1R HEBRE | v SR | SRS | Bk R K IE S
GR# <774 it & W R
Treatment of Water/cement! S. G. of | Bending | Stress at Young's Internal |Water Thickness
liquid paraffin| ratio board strength | prop. limit| modulus | bond | absn;})uon swelling
5 (kg/cm?) (kg/cm?) | (tonfcm?) | (kgl/cm?) % (
0.50 1.05 69.9 35.1 21.0 1.5 28.2 2.8
2.5 0.55 1.07 68.5 34.1 21.3 1.6 28.1 3.2
0.60 1.08 60.9 32.6 22.9 2.7 23.6 2.9
0.50 1.05 50. 4 38.5 13.3 1.4 21.7 3.5
5.0 0.55 1.07 57.5 30.6 21.0 2.2 26.1 3.9
0.60 0.98 34.4 20.3 11.2 0.6 30.7 4.3
0.50 1.06 62.3 35.7 22.1 3.2 28.8 3.4
7.5 0.55 1.07 59.0 31.5 21.3 4.1 24.5 2.8
0.60 1.06 65.0 34.5 21.9 3.9 25.8 3.0
0.50 1.07 57.2 29.3 12.8 3.1 21.6 3.6
10.0 0.55 1.08 58.4 31.2 2).0 3.1 24.7 3.6
0.60 1.06 50.6 21.8 19.6 2.9 27.6 3.3
17
Table 17 Fire performance of wood cement board composed of
flake gvpe larch particle treated with liquid paraffin
WA ORIk eA v BB fE B E- FIE R B B 2% o RS EREDR
GRE 57 4 ) Te (Tdo) Q) (C.AD (A.F)
Treatment of Water/ cement Heat gene- Total heat | Smoke After flame | Weight
liquid paraffin [ratio (min.) (sec.) | ration index| generation | density (sec.) loss
(%) (°Cxmin.) | (°Cxmin.) | index (%)
0.50 8 45 10.0 199.5 6.3 29
25 0.55 7 42 36.3 221.9 3.8 35
. 0.60 9 00 6.3 173.8 5.0 29
F 2] 8 33 17.5 198.4 5.0 31 6.7
(Average)
o 0.50 6 15 95.0 326.3 6.3 46
5.0 0.55 5 49 82.5 342.5 6.5 46
. 0.60 6 23 93.8 345.0 5.6 47
¥ =] 6 08 90.8 338.0 6.1 45 8.1
(Average)
0.50 5 38 121.3 433.8 6.9 48
7.5 0.55 6 05 88.2 331.9 5.0 45
: 0.60 6 15 91.3 338.2 7.9 45
SE 2] 5 59 100.3 368.0 6.6 46 8.5
(Average)
0.50 4 57 263.8 535.0 7.5 65
0.55 6 53 118.9 339.3 5.8 55
10.0 0.60 5 4 182.5 43915 7.1 52
k2 2] 5 49 179.0 438.0 6.5 57 8.8
(Average)
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6.1.2
18(D) 2
18(2)
18 1 19 o 18 2 20 21 .
Tahle 18 1  Board manufacture condition Tablel8 2 Board manufacture condition
for Table 19 for Table 20 21
23] % A =
Factor Condition Factor Condition
[ONN - | IFWERT 2= b, 7OENKRT 2~ b [T - 1 BT T 4 Y, TFNRRT 2= b
Kind of oil Ethyl phosphate, Propyl phosphate Kind of oil Liquid paraffin, Ethyl phosphate
n B & (% 7 bromy ! phasomat
! Pro hosphate
Treatment 5 (%) n T % Py’ pRose
B
K+ 2 v+ KR Treatment 2, 4. 6. 8(%)
Water/cement ratio 0.50, 0.55, 0.60, 0.65, 0.70
K/ 4 v bR 0.50
Bk L (% 3, 4, 5 (%) Water/ cement ratio :
Addition of CaClz v
Bk s (%) 5. 6 (%)
K/ € 2 v+ T Additior of CaCly | 4+ 5
Wood/cement ratio :
A/ A v+ R 13
F - F Wk & .1 Wood/cement ratio :
S.G. of board .
® - F W & 1
S.G. of board .
)
0.50
6.2
6.2.1
19
0.50 0.70
90 100kg cm?
kg cm?
6.2.1.1
13

0.50 0.70

0.50
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Table 19 Properties of wood cement board composed of flake
Iarc%e po: type

icle treated with phosphoric esters
MOBHE | Hbavy (KX | & = F (8RS | AR E | v om0 @ CEES | & KR | BRKES
9 LIRINE & I 8 &
Kind of oil| Addition of | Water/cement | S.G. of | Bending | Stress at Young's | Internal |[Water Thickness
CaClz ratio board |strength | prop. limit | modulus | bond absorption| swelling
(%) (kg/em?) | (kg/em?) | (tonfem?) | (kg/cm?) ( (%)
0.50 0.99 83.5 45.¢8 21.8 2.0 27.0 3.3
0.55 1.02 99.5 55.2 23.9 2.4 28.6 3.2
3 0.60 1.02 100.7 56.5 24.3 2.8 27.6 3.1
0.65 1.06 107.1 55.6 29.3 4.6 23.6 2.8
0.70 1.05 92.4 52.4 26.0 4.1 23.6 3.0
0.50 1.03 90.8 50.7 25.0 3.1 26. 8 2.4
PRI 0.55 102 | 831 49.3 25.1 2.9 24.0 2.8
Eth 1] 4 0.60 1.05 100.9 57.6 21.5 3.5 25.3 1.7
h y hat 0.65 1.08 108.8 59.9 30.9 5.2 23.6 2.1
phosphate 0.70 1.09 93.7 53.8 3.5 6.0 20.0 2.3
0.50 0.98 75.2 45.3 20.4 3.0 31.9 3.4
0.55 1.01 93.9 50.5 24.6 2.9 27.1 2.8
5 0.60 1.03 99.4 53.0 28.8 4.4 26.9 2.3
0.65 1.04 97.3 54.1 25.0 2.7 25.7 3.0
0.70 1.04 86.0 52.1 24.1 3.5 25.0 2.7
0.50 1.03 93.4 48.5 24.0 3.0 29.4 3.6
0.55 1.09 97.6 52.4 27.3 4.5 25.6 3.2
3 0.60 1.08 102.4 48.5 29.4 4.8 24.2 2.6
0.65 1.06 95.9 49.3 31.9 5.3 21.7 3.1
0.70 1.06 93.6 45.8 30.0 4.9 23.0 2.6
- o 0.50 0.87 89.7 49.6 28.0 4.6 24.2 3.2
Zoenmt 0.55 1,06 | 1017 49.6 28.7 4.2 25.1 2.9
Prol 1 4 0.60 1.07 101.8 51.6 30.7 5.8 22.3 2.8
LRyt 0.65 1.08 95.9 47.6 28.2 41 23.5 2.7
phosphate 0.70 1.04 74.3 45.0 26.3 4.8 24.1 2.2
0.50 1.03 84.1 41.4 24.9 5.4 29.0 3.0
0.55 1.09 85.5 45.8 29.1 5.7 22.3 2.9
5 0.60 1.08 92.8 50.6 28.4 5.7 23.5 2.5
0.65 1.06 80.4 42.7 25.1 4.4 23.6 2.9
0.70 1.06 87.5 48.9 29.1 5.4 24.3 3.1
(Kg/sz) -0 CQC[Z 5 9,
L —a— 4 4
% —a- 3. /A (x103Kglem?2)
TUENEFAT 21— b
< g O A 4, Propy! phosphate
2 e i \ ~q 8 —
2y e — —
7 o o o 4 2 .
0 O 03 o e
EHBGF 4 o -
e} Q |
5 o/ Y ©E il IFNKRRAT 21— b
m & -] g 1 N Ethyl phosphate
[@] o c 1%
of 3
\ S
of
1543 FUENKAT 2— b IFNAAT 21— b ~
> Propyl phosphate Ethyl phosphate )2
<. . - P ) . R N
050 055 060 065 070 050 055 060 065 070 050 055 060 065 070
KXY b KA b KAV M
Water/cement ratio Water/cement ratic Water/cement ratio
13
Fig 13 Effect of water cement ratio in bending
strength and Young' s modulus
0.65 107kg cm?
0.60 103kg cm? 0.70

0.70
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Table 20  Properties of wood cement board composed of flake type
larch particle in relation to treatment of phosphoric esters

WOBE | MAE |y | F - K| dgma HBIRE | vy R @S | KR | RKES
vLARME| K & e 8 %
Kind of | Treatment | Addition | S.G. of | Bending | Stress at Young’s | Internal |Water Thickness
o1l of CaClz | board strength | prop. limit | modulus | bond absorption| swelling
(%) (%) (kg/ cm?) (kg/cm?) (ton/cm?) | (kg/cm?) (%) (%)
4 1.04 78.9 40.7 19.1 2.3 31.4 3.7
2 5 1.06 88.9 50.2 25.6 3.2 28.6 3.3
6 1.05 84.0 47.5 25.4 4.7 27.7 3.1
4 1.05 91.0 46.5 26.3 2.9 31.5 3.8
SEEh e 5 - 4 5 1.05 96.7 48.7 27.0 4.1 27.8 3.2
o7 6 1.05 81.7 45.3 25.1 42 276 2.9
Liquid b
; . 4 1.08 90.2 45.6 25.0 2.6 31.8 3.2
paraffin 6 5 1.08 85.6 a5 25.3 32 300 2.9
6 1.09 83.2 44.1 25.5 3.9 27.6 3.3
4 1.08 91.2 48.0 23.6 2.6 28.3 3.2
8 5 1.08 100.8 51.9 27.6 4.0 26.5 2.9
6 1.08 89.7 46.4 23.9 4.5 23.5 3.1
4 1.04 91.1 46.0 25.2 2.6 28.3 3.4
2 5 1.03 95.0 49.1 26.9 4.0 26.5 2.7
6 1.05 89.8 46.9 28.8 4.5 23.5 2.9
4 1.05 97.7 50.3 26.5 3.5 27.3 3.3
. 4 5 1.08 100. 4 54.1 28.5 4.2 24.5 2.9
TFmE2 6 1,06 91.5 9.5 27.0 5.4 25.5 27
Ethyl . . P
4 1.08 95.6 49.2 27.2 3.4 28.3 2.6
phosphate 6 5 1.09 83.8 46.6 26.7 4.1 23.5 2.5
6 1.07 94.1 47.6 26.4 4.1 24.5 2.4
4 1.06 84.8 43.3 22.5 3.5 27.3 2.6
8 5 1.07 93.6 42.1 26.5 3.4 26.9 2.7
6 1.08 89.6 44.2 24.2 4.3 24.2 2.5
4 1.05 89.1 37.5 18.2 2.3 31.5 3.2
2 5 1.06 90.8 45.9 25.6 3.0 25.0 2.4
6 1.07 102.3 53.5 30.6 4.8 22.7 1.9
4 1.06 99.1 47.0 28.2 4.2 24.0 2.5
o 4 5 1.08 96.8 48.0 29.3 5.2 24.8 2.3
Zoenk 6 1,08 92.9 6.6 2.7 5.5 22.2 7.2
Propyl 4 1.05 88.8 50.1 26.6 3.1 23.5 2.9
phosphate 6 5 1.09 91.2 415 27.8 1.1 232 2.4
6 1.07 82.9 43.3 26.1 4.0 22.3 2.4
4 1.07 77.9 42.5 21.7 2.9 29.5 2.9
8 5 1.07 83.8 40.0 22.0 3.4 25.7 3.2
6 1.08 83.1 41.2 21.2 2.9 26.0 3.2
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Table21 Flre proof performance of wood cement board composed of flake type
larch particle in relation to treatment of phosphric esters

OB LR | \lkaav v REBRIEH | 2RAE RIS | FRROER | —EMLIRFE | RRILRER
7 LRINR Te (Td#) Q (C.A) (A-F.) (cO) (CO2)
Kind of | Treatment| Addition Heat gene- | Total heat | Smoke After
oil of CaClz [(min.) (sec.)| ration index| generation | density flame
(%) (%) (*Cxmin.) | (*Cxmin.) | index (sec.) (%) (%)
4 8 45 9.4 191.3 2.5 21 0.068 0.435
2 5 730 26.9 266.3 2.5 24 0.064 0.476
6 7 08 32.5 260.0 2.5 30 0.058 0.475
4 6 23 90.0 393.8 3.5 38 0.053 0.502
s o 4 5 6 24 9.3 395.0 2.5 37 0.063 0.528
sl 6 5 38 122.5 406.3 3.5 39 0.064 0.594
Liquid 4 5 18 185.0 463.8 6.5 40 0.061 0.666
paralim 6 5 5 38 151.3 410.0 5.5 42 0. 060 0.619
6 6 18 90.0 328.8 6.5 37 0.073 0.555
4 4 54 300.0 581.3 7.5 51 0.061 0.743
8 5 5 03 295.0 580.0 7.5 51 0.058 0.736
6 5 00 285.0 580.0 7.5 53 0.064 0.861
4 9 15 4.1 197.5 0 17 0.075 0.360
2 5 8 45 7.8 223.8 0 16 0.071 0.354
6 9 33 2.5 185.0 0 16 0.075 0.310
4 g8 18 12.5 230.0 0 16 0.065 0.337
5 4 5 8 20 12.8 236.3 0 18 0.071 0.349
BEASIE 6 g 18 12.5 251.3 0 20 0.069 0.357
Ethyl
4 8 18 11.9 255.0 1.5 19 0.075 0.361
phosphate 6 5 8 38 10.6 237.5 0 21 0.080 0.332
6 8 05 20.0 263.0 0 23 0.071 0.347
4 7 13 26.3 266.3 0 26 0.067 0.411
8 5 7 58 18.8 240.3 1.5 24 0.070 0.404
6 7 2% 26.3 212.5 0 25 0.074 0.384
4 9 03 5.4 208.8 0 16 0.072 0.350
2 5 9 35 1.3 215.0 0 17 0.077 0.340
6 10 00 0 191.5 0 16 0.077 0.324
4 8 20 13.; 239.5 0 21 8.069 0.382
e 4 5 9 35 3. 200.0 0 16 074 0.357
Z;:’f{ 6 10 00 0 216.3 0 11 0.075 0.325
P;"PY}‘] . 4 8 48 8.8 225.0 1.5 25 0.070 0.469
phosphate 6 5 8 33 16.3 226.3 1.5 19 0. 068 0.402
6 8 10 15.6 236.3 0 22 0.062 0.459
4 8 20 15.0 215.0 0.5 22 0.068 0.515
8 5 730 32.5 285.0 0.5 24 0.069 0.601
6 7023 3.1 290.0 1.5 25 0.076 0.627
8
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Table 22 Board manufacture condition

Factor

%

Condition

N AFE & (mm)
Length of flake

20, 40, 60

[23N |
Kind of oil

WE T T 4 v
Liquid paraffin

IFNERT 2 — b
Ethyl phospate

o w8 (%

Treatment 2
K/ € A v I
Water/ cement ratio 0.55
Blkhvewa (%) 5
Addition of CaClz
K/ v+ M 1:3
Wood/cement ratio :
SO ] 5 VYL i M
at forming Random Orientation
S - A S
S.G. of board .
<ok OL K 2
Number of repeat
19
Fig. 19 Flake orientation procedure
(%)
40 r—
0.35 P 0.35
Average
i 30f LRSS 0.080
23 20 40 60 E" Standard deviation
(3] fﬁ‘
"2
2
€9
10t
10 11 o | [ | Fr——
0.2 0.3 0.4 05 0.6 0.7
I T ¥ (mm)
Thickness of flake
20
Fig 20 Frequency distribution of flake thickness
7.2.2 »
7.2.2.1 Table 23 Orientation of flake
21 MRS FARCE BRAEG foE
Length of | Av. of orien-| Standard | Number of
flake tation angle| deviation | measurement
(mm) (degree) (degree)
20 10.7 13.3 101
40 10.5 13.5 127
60 10.8 13.3 110
1.5
10
20
40 60 60 100
31 3R
60 10
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Fig 21 Effect graph on bending strength Fig 22 Effect graph on Young s modulus
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Table24 Properties of wood cement board composed of
flake type larch particle in relation to mat
forming” method .
95 confidence_interval
7.2.2.6 = v b o Bk HmE | vy R | R BEmRE
(7 L— 2 i)
Mat forming method | Bending Young's | Internal
(Flake spreading) strength modulus | bond
(kg/cm?) | (ton/em®) | (kgl/cm?)
24 7 v ¥ A BB 03495 | 304 4 | 46405
5 Random
100kg cm p— pe
30ton cm? Orientation 201.+18 51+ 4 4.640.5
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8.1

0.4
1.2
p 13.6
8.1.1
15
8.1.2
40
95
8.1.3
50ml 72
100ml
10ml
3
11 100mg
120
ml
1 ECNSS M

Gas chrom Q60 80mesh

3 200

40
kg 1.2
kg
kg
150ml
20 12
50ml
45
p 2.0
50ml
2.5ml
ml
a 4
a 4
Na 10ml
ml 105 24

Organo silicon polymer
Applied Science

45



4 250

5 , 50 ml min
8.1.4
95
12 48 a 1
8.2
/3 0.40/1 100
120
15 150ml
8.2.1
25
13 27
60 80
25

Table 25 Extract from oil trated and no treated larch flake by
water of portland cement and their U spectrum absorbancy

i H &7 UV Z2~<7 VIR
I 0 1 85 1 Extraction UV Spectrum
7N -
Kind of flake | Extraction | ® ¥ & | My | @ m | & &
time Neutral Acidic Reducing Total 95% EtOH P = 42332 mu
fréir;tu;n fr(algu?n su(ggr , (me) 21287 mu 2332 my 2287 mu
) a5 3 o (%)
72.1 220.2 520.4 812.7
20 (min) | (g Qnh (64.0) | (100.0) 0.62 0.42 ¢.68
9.0 231.9 899.7 1227.7
1 (7.8 (18.9) (73.3). | (100.0) 1.16 0.86 0.74
103.4 371.7 1113.2 1588.3
P (65 | @4 | @D | (100.0) 156 1.o7 0-69
Untreated 102.1 312.2 1200.7 1615.0
3 (63 (19.3) 4.3 | (100.0) 1.86 1.98 0.7
109.1 320.7 1195.3 1625.1
6 (6D (9.1 (73.6) | (100.0) 2.3 1.57 0.67
2 1454. 1
o 2.5 9.3 353.2 467.0
20 (min) | %5y (19.3) 5.7 | (100.0) 0.56 0.43 0.77
51.7 119.3 596.7 767.8
! ) (15.5) arn | oo 0.8 0.66 0.75
50.1 154.4 822.3 1026. 8
T a9 | as0 | 60D | (100.0) L1 0.85 075
Oil treated
88.4 242.3 999.9 1330.6 ;
8 (6.6) (8.1 (75.1) | (100.0) 1.42 1.04 0.75
58.9 212.1 1316.2 1587.2
6 3D (13.4) (82.9) | (100.0) 1.78 1.36 0.76
2 1334.6
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