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Studies on the Residual Bending Strength of burned
Douglas—fir and Western Hemlock soaked
with Fire Retardant Chemicals'’

Phil Woo Lee? . Heon Park:

Summary

The 3 x 3 x 30 cm’ sized specimens of Douglas-fir(Pseudotsuga menziesii)and western hemlock{ Tsuga hetero-
phylla) in this study were soaked in four fire-retardant solutions of ammonium sulfate, monoammonium
phosphate, diammonium phosphate, and aluminium chloride for 1, 24, 72, 168, and 336 hours. Subsequently
they were air-dried and burned at high temperature of ca. 1,800°C and for short time of § minutes.

This study estimated the relationship between the adsotbed chemicals and the residual weight ratio or re-
sidual bending strength of these partly burned iumbers, The results were as follows:

1) In average amount of chemical adsorption, diammonium phosphate showed the largest and aluminjum
chloride the smallest regardless of species but monoammonium phosphate was larger in Douglas-fir than that
of western hemlock.

2) The amount of chemical adsorption was larger in western hemlock than Douglas-fir on the whole.

3) The amount of chemical adsorption was increased with the increase of soaking time but the rate of
increase began to decrease at 200hrs,

4) Residual weight ratios showed no difference between species but showed differences among the chemicals
treated i.e. monoammonium phosphate, diammonium phosphate, ammonium sulfate and aluminium chloride
in turn from the largest to the smallest.

5) MOR values showed linear increase with the increase of residual weight ratios but showed no difference
in species and chemicals respectively.

6) In the relationship between amount of chemical adsorption and MOR, only diammonium phosphate
showed the curve of secondary degree with significance in Douglas-fir.

7) The MOE value of burned Douglas-fir lumber increased and showed significance of 99% as the adsorbed
chemical amount increased, but among the chemicals only monoammonium phosphate showed significance.
The MOE value of bumed western hemlock lumber didn’t show significance.

8) In only Douglas-fir, the correlation between adsorbed chemical amount and work to proportional limit

showed significance in only monoammonijum phosphate. And in both Douglas-fir and western hemlock, the
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correlation between adsorbed chemicals and work to maximum load showed significance in monoammonium

phosphate.

Key words: MOR. MOE, residual bending strength, residual weight ratio, fire retardant, adsorption amount,
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Table 1. Fire retardant chemicals and their

concentration
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g Ammonium sulfate Rea- 2
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AC Aluminium chloride
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Fig. 1. The regression between treating time and adsorbed chemical amount (Douglas - fir and

Western hemlock).
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Table 3. Data of treating time, adsorbed chemical amount, MOR, MOE, work to proportional
limig, and work to maximum load of burned Douglas - fir and Western hemlock treated

with fire retardant chemicals

Treating  Adsorbed MOR MOE work to work to
Species Chemicals time chemical P ko ./ o proportional maximum
{hrs.) amount(kg-7) (4.7 e (kg./ ) Yimit(eg-cm e load kg-cm o

0 1] 2780 23440 0.1236 0.2640
1 3.59 3293 32050 0.2648 02718
A S 24 13.48 458.2 43550 0.1237 0.3566
‘ 72 16.87 5187 37080 0.2080 0.7089
168 1878 499.4 39470 0.1416 0.47069
336 34.42 4948 40190 0.1567 0.6858
0 0 278.0 23440 0.1236 0.2640
1 4.75 415.6 34750 0.1122 0.5644
M. A 24 15.91 544.7 50770 0.2034 6089
¢ 72 18.92 461.9 44420 0.1127 0.5850
168 31.80 477.8 43580 0.0938 0.6860
336 36.00 5147 42400 0.2083 06487

Douglas- i -
fir 0 0 278.0 23440 0.1236 0.2640
1 5.69 370.0 31910 0.1414 0.3411
D. A 24 10.45 480.9 40690 0.1150 0.5278
" 72 1833 530.0 56210 0.1662 (.5363
168 42.19 £15.7 46680 0.1492 .5432
336 36.18 446.9 31050 0.1591 0.5225
0 0 278.0 23440 0.1236 1.2640
1 3.24 3747 28260 0.1576 0.4937
A C 24 714 339.4 35110 0.1432 0.2571
C 72 1102 2129 28970 0.1297 03495
168 13.25 429.1 38450 0.1560 .5269
336 16.74 279.9 33660 0.0737 12486
0 .0 407.3 32120 0.1862 0.4947
1 7.00 344.0 23730 0.1247 (.4647
A S 24 16.26 517.8 36910 0.1758 0.6451
72 21.87 3784 25900 0.1515 67977
168 37.94 370.5 26740 0.1860 04201
336 36,46 4379 37050 0.1332 (04113
9 0 407.3 32120 0.1862 04047
1 5.69 3595 31450 01074 0.4254
M. A 24 17.58 376.5 46550 0.0694 0.3109
72 22.62 4426 46140 0.0919 0.3855
168 quz} 4471 39670 0.1691 (}.7751
Western 336 35,18 4’28 36910 . 0.1678 0._71)4
hemlock 0 0 4073 32120 0.1862 0.4947
1 8.1 304.7 24070 0.1254 (0.3837
DA 24 17.11 457.6 31470 0.1401 0.4890
72 20.87 598.9 44410 0.2206 0.8323
168 47.01 529.9 39460 0.1812 0.9133
336 45.31 420.0 33630 0.1266 0.5521
0 0 407.3 32120 0.1862 .4947
1 5.44 3251 25550 0.1382 0.4783
A C 24 9.31 anLl 33140 0.1148 0.2830
72 16.78 358.6 29400 0.1447 03180
168 18.27 3449 28080 0.1353 04125
336 23.19 3342 26900 0.1320 0.4506

AS : Ammonium sulfate, MA : Monoammonium phosphate, DA : Diammonium phosphate,

AC : Aluminium chloride.
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Fig. 3. The regression between residual weight ratio and MOR (Douglas - fir and Western hemlock).
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Fig. 4. The ression between adsorbed chemical amount and MOR
(Douglas - fir and Western hemlock).
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