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Flame Resistance and Durability of Compressed Structural Wood

through Microwave Heat Drying Method
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Abstract

As the result of implementing a treated material test and durability test after quickly drying S.P.F. species, a type
of softwood structural material, within a short period time, soaking it in liquid phosphate flame proof agent for an
hour, microwave heating it, and compressing it from 3.8cm to lem, when setting the appropriate heating time of
microwave heating at 7 minutes at bkW, it is observed that it satisfies the target water content (4~5%). It is shown
that in a water content measurement of the wood that is compressed after being softened by soaking in the flame
proof agent, drying and heating at 3kKW for 9 minutes, all specimens satisfied 12~14%, the appropriate water content
for exterior wood. Also, it is shown that in terms of the flame performance obtained through a flame resistance
treatment of the compressed wood and a treated material test, the specimen soaked in flame proof agent for 30
minutes was the most excellent, and that the performance test result of the compressed wood in all areas, such as
naill withdrawal resistance, compression, bending strength, and shearing strength, were all improved in their
mechanical features to twice to three times better performances.
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Flame Resistance and Durability of Compressed Structural Wood by Microwave Heat Drying Method

12 HPWH ¥ we 9l ofsha] AL Table 63} 2tk
Wi TEAZ WA ARE N A 2712 AR B
S A7AR] R 27|12 27 SeS 2seion, Table 1. Experimental Condition
vlolzst IS Folof 24 AKGARE U A F g e Temperaluel ) 2
- environment Humidity(%) 55~85
‘%% E%ﬂ—q— %]_—JZ—L %ZH—IE 0’114}21"04 OL./?_.OU:]A] Hol-d\élq‘lkxﬂoﬂ 1st Goal Water Content(%) 4~5
AlzHEE ARA]A dato] Bxf JHE AARES} Ee= Microwave Drying 2ndGGo|aITWater Cont(eg;(%) :38~;(2)
= < = _ oal Temperature(C ~
freo, H2] $ Axd SAE oA vpolaEe AxE oo L~ Before Compression  29x19+38en = 2 094on
AAJEH] B UEL ROk AL o]9]o] ZHe AAEI} pecimen VOLME  fier Compression  20x19x2.8em = 1 5430
- - - Measurement :
s olsh sk Aee] B 4 AR UEAA Veloe Mean Value of 10 Specimens
HHds Alde AAsh 7H Hojd HadesS LER
= HAAIE E=E5aL ol e R I =AY +F Table 2. Standards of Wood Flame Resistant Performance
ZA[3]o] A3t A7|= 71 sfo] o= v Exjo] od5kA] After Flame Time Within 10 sec
= < After Growing Time Withing 30 sec
A= S A)
FeAITE AT Char Area Within 50c
Char Length Within 20cm

Table 3. Flame Resistant Performance Test Method

2.1 /élgl = Specimen Dimension 29x19cm
s o = o . N = Flame Length 6.5¢cm
0] =lE E4S 1Esto] 97| w9t Sk 5O Heating Time 2 min
o5} }\ETLHOHH AEe 3_];35]’9&9-‘1][4] /\]’é‘.ﬂﬁﬂ]fl} o] :7% After Flame Time  after flame is removed until flame stops
- _ _ After Growing Time after flame stops, until smoke is completely
UEAS Slaf 1, 24} ojaza} 7jdef w2 sl ’ removed
- - - - measure the longest straight length
"%ﬂl’ R 0]’93\‘:1'. Z+AY 249 %]"-IZTOﬂ U;]'E‘ /\]%J Char Area at char area
H Hu] H3} 7122 Table 13 2t} Char Length area calculation after recording char area
22 HIol S X BE AY Y LYFM & Table 4. Wood Durability Measurement
HIAME =0 “AHIRRA A%]02] 2 okde]o| & Wood Hardness Test Method KS F 2212
_ = =12 = = = Test Method for Withdrawal Resistance
= AES AXetg e Exjje] s 712 Table 2, Wood Compression Test Method KS F 2206
/\]'%hﬂol-}]ﬂj% Table 331} ZEH:} %1—__%14‘— %;(H 94 LH:,L/\J %.xé% Wood Bending Strength Test Method KS F 2208
> 5 ERE = o Wood Shearing Strength Test Method KS F 2209
B, ), oS, 3, AEE sk AlY T &
F2 Table 49} 2t}
Table 5. Chemical Configuration of Phosphate Flame Proof
2.3 Ay oInelz welolR ¥ FES HYS Agent
- Components Chemical Formula
oHA}O] OJA}A HIAOEA(o]&] HFHOEA) 0] AHALO. _',IJ—U"
el kA Fa] ﬂ( I3} ] ﬂ) o ° Monobasic Sodium Phosphate NaH:PO4 - 2H,0
Eshy HgIEZe] JAEE AAE AL Byt Dibasic Ammonium Phosphate (NH4)2HPO4
— = Borax NazB4O7- 10H.0
Ago] a2 EA RS Weepe 7Y AR o 2 “HBo,
Table 5o} At} AR £=29] AL A=z TEloA 7P Water (thinner) H-0

o ALgeRS UERJ AL Q)= S P.F(Sprus. Pine, Fir) &
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Table 6. Physical and Mechanical Features of S.P.F.

1 0
Air Dry Shrinkage (%) Bending Compressive Shearing

Division Density Radial Tangent Volume S},r\iggt)h Szﬁggt)h S}ﬁggt)h
direction direction shrinkage
Spruce 0.42 3.9 7.1 1.7 703 40.1 7.5
Pine 0.47 39 6.5 10.5 70.4 40.3 74
Fir 0.43 41 7.8 114 4 38.8 8.1
Average 044 40 74 1.2 70.7 39.7 7.7
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Figure 2. Combustion Test
Apparatus(45° Meckel Burner)

Figure 1. Microwave Dryer

Specimen manufachure Measurement of Water Conient

v
‘ Microwave Appropriate Heating Tims Deduction ‘
v

Microwave 15t Heaing Soakingin Flame Proof Agent

W7 | 10,20, 30 minut

‘ Micrawave 2nd Heating H Specimen Gomprassion ‘

v 3.8tm->28cm

‘ Test of Traated Matarial After Flame Resistance Treatment ‘

After flame time, After growing time, Char length, Char area :

‘ Excallont choice spacimans flama resistant performance ‘
v

‘ Durability Test ‘

Hartiness, Nail Withdrawal, Compression, Bending, Shearing
v

‘ Tast Result Deduction ‘

Figure 3. Flame Proof Treated Structural Wood Experiment
Procedure



Flame Resistance and Durability of Compressed Structural Wood by Microwave Heat Drying Method

Table 7. 1°* Microwave Heat Drying Schedule

o Heati Before heating After heating Reduction
ut
(%J/t) time Water Mass Water Mass Water Mass
(min) -~ content © coptent @  oget T
3 15 10.2 829.4 57 749.9 45 79.5
4 13 10.8 837.0 53 751.8 55 85.2
5 7 104 826.9 4.1 73141 6.3 95.8
15
—=Water content bafore microwave heating(%)
=C=Water content after microwave heating(%)
12

Moisture Content(%)

O_\\

3kW(15minute heating) 4kW(13minute heating) 5kW(7minute heating)

Figure 4. Water Content Change Before and
After 1% Microwave Heating

900

= Mass bsfore microwave heating(g)
Mass after microwave heating(g)

Il

3kW(15minute heating) 4kW(13minute heating) 5kW(7minute heatmg

850

Mass(g)

750

700

Figure 5. Mass Change Before and After 1% Microwave Heating
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Table 8. Water Content and Temperature Change After o
Microwave Heating

Before heating After heating

Specimen Volume Out —
e ) Mo weer | Sutece e Gonten
(min) (%) (C) ©
7 62 12.9
2 094
(29% 19x3.8em) 3 9 15~16 83 10.5
12 e} 8.6
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Table 9. Water Content Feature of 1% and 2™ Microwave
Heating Specimen

After
soaking in
Out Heating Soaking Before After liquid After heating
Division put time time  heating heatin flame /compression
() (min)  (min) (%) 9 proof (%)
agent
(%)
10 10.5 42 16.1
st M/W
heating 5 7 20 10.4 45 16.5 -
/soaking
30 10.7 44 174
16.1 125
2nd M/W
heating 3 9 - 16.5 - - 13.1
/soaking
17.4 134




Table 10. Mass Change According to Microwave Heating and o] Z71= AoZ AlgEHch

Flame Proof Agent Penetration (g) o} 71 T o}y AjFwe] KekS 235 A} Hpolok
fst 2ng Al ZA| 3 AlEH e Bt 6,4g9] Aol A== A
Microwave Heating Microwave Heating Mass = "N
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10 7884 885 351 8172 63 ol 2 lofet Amry, Eeh 4= S vl

WA es AT = e 5 GANe] HAj9k o] 1

20 7841 820.8 36.7 814.3 6.5 %_13 ol% 7/'10 —‘;L_%E}'

30 796.7 839.5 42.8 833.1 6.4
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Flame Resistance and Durability of Compressed Structural Wood by Microwave Heat Drying Method

Table 11. Result of Performance Test of Treated Material After
Flame Resistance Treatment

Soaking  After lame After

e : : growing Char area Char length
Division fme  me fime (em) (o)
(sec)

Plain 9.8 16.4 145 46.3

Flame 10 24 7.2 7.0 97
Resistance

c Treated 20 - 2.7 6.5 58

I a0 - - 40 48

Flame Resistance Treated Compression S.P.F

10 min soaking 20 min soaking 30 min soaking

10 r b
= After flame time(sec)
=C=hfter growing timsizec)
r 29
8- 1 |
g
20 2
g6 E
k| =
E 15 £
Z E
E 4 =
= 10 E
=
g

Plaln 10minute snaking 20minute soaking  Iminute soaking

Figure 10. Flame Resistance Performance Comparison
(After Flame Time, After Growing Time)

20 50
wem Char lengthicz)

=O=(Char areals=f)

L a0

o

30

L 20

Char length{cm)
=
Char arealem?)

w

Plain 10minute sosking 20minute soaking 30minule soaking

Figure 11. Flame Resistance Performance Comparison
(Char Area, Char Length)
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Table 12. Hardness Test Result of Flame Resistance Treated
Compressed S.P.F.

, Steel ball . Hardness[ ] (MPa)
Divison  chmangon ndentation  NGerieton
(cm) speed (mm) Tangent Radial  Cross
(mm/mins) section  section  section
Plain 3x3x3.8 100.6 9%4 2712
Flame
Resistance 05 032
Treated 3x3x2.8 2726 2366 3530
Compression
SP.F

Table 13. Nail Withdrawal Resistance Test Result of Flame
Resistance Treated Compressed S.P.F.

Specimen Ratio of Resistance (0" pp)

Division dimension loading Tangent i ) Cross
(cm) (mm/mins) seciion Radial section  oZ b
Plain 15x5%3.8 426 65.3 475
Flame 4
Resistance
Treated 15x5%2.8 81.0 109.9 65.3
Compressi
on S.P.F

After nail withdrawal
resistance test
(radial section)

After compression test
(perpendicular to fibers)

After hardness test
(tangent section)

Figure 12. After Durability Test of Flame Resistance Treated
Compressed S.P.F.
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Table 14. Result of Compression Test of Flame Resistance
Treated Compressed S.P.F.

Perpendicular to fibers(lateral)

; Ratio Elastic
Specimen Compress Com
i f : press Compressive modulus of
Division  dimension loading —ion tim “ive proportional  compressib
em (mm/mins) (mln) strength  limit stress ~ility
(MPa) (MPa) (B
C
Plain 2x5x3.8 136 8.6 14.3
Flame
Resistance 4 2
Treated 2x5x2.8 522 21.7 50.6
Compression
SP.F

70

®Plain “Flame Resistance Treated Compression S.P.F
60

50

40

30

20

i

Compressive
Strength(MPa)

Elastic modulus of
compressibility(Ec)

Compressive Propartional
Limist Stress(MPa)

Figure 15. Compression Test Result
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o] ok HEw Z71H) Ele] thg 943 A4S
WIS A B Z0R BeE:

Table 15. Result of Bending and Shearing Test of Flame
Resistance Treated Compressed S.P.F.

Flame
’ Ratio of  Compressi Resistance
Meﬁgﬁ{'ng Meaeslt#tred loading on time Plain Treated
p (mm/mins) (min) Compressio
n S.P.F
Perpendicul
Bending -
strength aztetlcr)]gfg%rs 35.0 485
(MPa) direction 4 2
Shearing Fiber
Strength (lateral) 6.4 13.0
(MPa) direction

a)Bending Break Behavior b)Shearing Break Behavior
Figure 16. Bending and Shearing Break Behavior
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Figure 17. Bending and Shearing Test Result
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