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Wood in six different forms was exposed to thermal radiation from 

si.ulated nuclear weapons pulses in the range from 6S kilotons to 100 

aegatons. Sawdust froe weathered wood was most readily ignited~ glowing 

ignition occurring at 6,4 cat cm·T for a 65 kt pulse, and at 21 cal ~m-2 

for a 100 Mt pulse, Clean, unseasoned douglas fir, one-half-inch thick~ 

was ignited to sustained flaming at radiant exposures of 31 and 68 

caV ~-tjfor yields of 1.2 and 108 Mt, respectively. Weathered douglas 
/I 

fir could be ignited only to short-lived afterglow which extinguished 

itself shortly after e~osure, 

Yellow poplar, clean, 1/16-inch thick, was ignited to sustained 

fl..tng at 33 and 71 caV cm-2 for pulses simulating weapon yields of 

1.2 and 108 Mt, respectively; excelsior ignited at 29 and 53 cal cm-2 

for the same pulses. 

Sustained flaming of the unseasoned douglas fir i~ a significant 

finding which is contrary to previous experience. The heavy resin con­

tent of the specimens studied in these tests is obviously a factor, 
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ADMINISTRATIVE INFORMATION 

Of Nuclear Weapons, u.s. Govern-

The work described herein constitutes part of the u. s. Naval Applied 

Science Laboratory's programmed effort on the Effects of Thermal Radiation 

on Materials sponsored by the Defense Atomic Support Agency under Subtask 

12.009. 

The work reported herein was conducted by J. Bracciaventi under the 

supervision of W. L. Derksen, Senior Task Leader, and the general dir-

ection ofT. I. Monahan, Head, Physics Branch. 

INTRODUCTION 

The objective of this program is to develop information for making 

estimates of the effects of thermal radiation on targets and materials 

of interest to the Department of Defense. The radiant exposures required 

to ignite tinder materials are of immediate interest in determining the 

incendiary effects of weapons on urban targets. 
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full-open position. Generally, the hiahest irradiance available at the 

exposure plane with the image furnace used in this portion of the prog­

raa is 15 cal ca·2 sec·l for stable operating conditions of the arc. 

The charred area on a specimen in the focal plane is roughly circular, 

having a diaaeter of 1.7 ca at the radiant exposure for which charring 

is first visible. The charred area increases as the radiant exposure 

increases. A scan of the focal plane with an aperture of 0.1 em diam-

eter shows that the distribution falls off with radial distance as 

follows: 

Per Cent of Maxi.IUJI 

100 
90 
75 
so 

Diameter (em) 

o.o 
1.04 
1.68 
2.80 

For the exposures the pulse irradiance-time characteristic is chosen 

to simulate the desired weapon yield. Thu maximuu. irradiance is adjusted 

by means of attenuatina screens until the threshold appearance of the 

effect under study is bracketed sufficiently to specify to within tS per 

cent the value of irradiance ~rom which the critical radiant exposure 

is calculated) for which the effect is observed in SO per cent of the speci-

mens. 

During the exposures to thermal radiation, an observer watched for 

evidence of transient· flaming of the specimen. The specimen was examined 

in its holder i-.diately after exposure for afterglow and sustained 

flame. Transient flame was reported when the observer saw flames develop 
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during any part of the exposure episode but which extinguished at or 

prior to cut off of the pulse. In all cases, however, the transient 

flame was clearly extinguished before the pulse cut-off even for 

·radiant exposures considerably greater than the critical exposure. 

Afterglow was reported when sparks or glow persisted on the specimen 

after the cut-off. The glow might be short-lived for only fractions 

of a second after cut-off, or might persist long enough to consume the 

unexposed portions of the specimen. Sustained flame was reported when 

flaming persisted aftar the exposure was cut off. Again the flame 

might be self·e~inguished, but generally it consumed the unexposed 

portions of the specimen. 

RESULTS 

The results of the exposures are given in Table 1. The pertinent 

data listed are: tmax; the yield simulated based on tmax • 0.032 wl/2; 

the threshold, or critical, radiant exposure for SO per cent effects 

for transient flame, afterglow and sustained flame; and the irradiance 

maximum associated with that value of radiant exposure. The number of 

specimens exposed and the range of radiant exposures for each value of 

tmax is also listed. 

The following addi t ional facts concerning the exposures are re-
\.... 

ported. 

~ouglas fir, clean, unseasoned, 1/2-inch thick 

In general, wood in this thickness has been found to ignite 

during the exposure, but there has been no record of sustained ignition 
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Yellow poplar, 1/16-inch thick 
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No transient flaming effects were observed; once ignited, the 

specimen was completely consumed. Nail holes and cracked specimens 

did not prove to be more vulnerable. 

Excelsior 

Transient flaming did not occur. The afterglow was easily kindled 

into sustained fl,me after exposure, caused o/slight air motion on the 

exposed face. 

Sawdust 

The sawdust was ignited to sustained ignition only by the pulse 

whose time to maximum irradiance was 1.1 second. The afterglow was 

not self-extinguishing but very slowly consumed the entire sample. 

!'unky Wood 

The punky wood when exposed in solid pieces proved to be difficult 

to ignite. The exposures were accompanied by emission of dense smoke 

and small particles from the expc..sed surface. The very finely powdered 

punk mixed with small chunks was ignited to glowing more readily. In 

both cases the &fterglow proved to be difficult to extinguish. 

The radiant exposures for ignition for each material are depicted 

graphically in Figures 1 through 6. 
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FUTURE   WORi: 

Simulated weapons pulse exposures  on  the  balance  of the materials 

outlined  in reference   (a)   are under way.     A report  on  the  results  of 

exposure of cotton,  wool  and synthetic  fabrics  will  be  issued shortly, 

to be  followed by  reports  on paper and miscellaneous  materials.     The 

final   report will  include  all  these results,   including those of studies 

of the  effect  of area of exposure on materials  in  each  class.     The work 

on  wood will  be extended  to used and weathered  shingles,  and  clean, 

seasoned  lumber. 
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Dougi•.as Fir (clean 
fresh surfaces) 
1/2-inch thick · 

Douglas ·Fir 
(weathered) 
3/4-inch thick 

Yellow Poplar (used, 
fruit baskets • 
clean), 
1/16-inch thick 

excelsior (used, 
clean) 

~awdust (from 
weathered nouglas 
rir) 

• 

tlll8x 

~secl 

0.25 
0.34 
0.70 
1.1 
3.3 
~.1 

0.25 
0,34 
0.70 
1. 1 
3,3 

11.3 

0.25 
0.34 
0.70 
1.1 
3.3 

10.5 

0.25 
0.34 
0.70 
1. 1 
3.3 

10.5 

u. 25 
u.34 
u~7o 
!.1 
.3.3 

10.5 

Yield(l) 

'ktl 

65 
115 
480 

1,180 
10,700 
83,000 

65 
115 
480 

1,180 
10,700 

127,000 

65 
115 
480 

1,180 
10,700 

108,000 

65 
115 
480 

1,180 
10,700 

108,000 

()5 
us 
480 

1,180 
10,700 

108,000 

.I 
. .r 

KAD1~1T EXPOSURES 

1ABLE 1 

BY :mCLE~ DETONATION I'ULSES Tt 

' 
fla.e 

.-
nansient n Afterglow 

Q(2) ~(2) -l'aax aax 

'cal cm·2 sec·1l 'cal cn·22 'cal c~-2 sec·12 ~cal cm·2 : 

• for Q • 9.2 cal ca•2 No ignition ,. 
No ignition for Q • 13 cal cm·2 

13 26 .. 
I 

11 31 
5.9 51 
2.7 64 

:-Jo ign1.tion for Q s 9.2 cal cm·2 
13 12 ... 
8.8 16 ts.s 16 
7.6 22 8.0 23 
4.3 38 ~.o 26 

11 120 ~l 38 

No ignition for Q • 9.2 cal cm~2 
No ignition for Q • 1l cal cm·2 
~0 ignition for Q • 26 cal cm·2 

' I 

' 2.5 67 

for Q • 9.7 cal cm·2 
i'" 

No ignition -
No ignition for Q • .13 ca1 · cm·2 -

i 
·9. 9 18 
~.3 21 
jS .3 28 

~·8 48 

':J.1 6.4 'f.1 6.4 
!0 9.0 14) ~.o 
b.l 11 . t·l 11 

.2 ~.1 

~.s 13 
1.3 48 q.s 21 

I 
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~ABLE I . 

JCLE4 DETONATION l'ULSES TO IGNITE WOOD 
I 

I 

~~tcrglow 

I 

: =·-2 .~ 
1-2 ' 

~ 

I 

tr f8.s 
s.o 

-'i.O 
~l 

2.5 

,-2 -
·2 

9.9 
7.3 
;s.l 
~·8 

~.7 
10 
. 6.1 
l-2 
~. 5 
u.s 

ql2J 

16 
23 
26 
38 

67 

18 
21 
28 
48 

6.4 
9.0 

11 
!1.1 

13 
21 

Sustained Flue 
~X q(2) 

11 31 
5.9 51 
2.8 68 

12 
5.5 
2.6 

10 
3.9 
2.0 

4.9 

33 
48 
71 

29 
34 
53 
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No. of 
Speci~~en !' 
txposed 

3 
j 

15 
16 
22 
11 

3 
~ 

29 
14 
28 I 

33 

2 
4 
3 

15 
14 
20 

:; 
3 

10 
18 
26 
18 

10 
8 

12 
15 
14 
16 

Range of 
Radiant 
Exposures 

Low Hish 

leal cm-2) 

9.2 
13 

13 27 
22 43 
39 57 
51 69 

9.2 
9 13 

14 27 
20 43 
38 128 
28 166 

9.2 
13 
26 

32 43 
.45 64 
65 114 

9.7 
13 

18 26 
20 33 
23 35 
41 63 

s.o 9.2 
6. 0 11 

10 13 ' 
s.s 17 

13 16 
19 63 
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·rABI.E 1 Contd . 

Transient Flame Afterilo~> ' , . 

tmax Yie lrl (.1) Hmax · ~ (2) I 'max 

~sec2 ~kt) ~cal c:m·2 sec·l~ ~cal cm-2) (cal. cn- 2 sec:-12 

Punky Wood, Douglas 0.25 65 No ignition for Q • 9.2 cal c:m-2 
Fir, (solid) 0.34 115 15 u lS 

ll,70 480 12 .!1 12 
1.1 1,180 13· l 8 a .. 
.>.l 10,700 13 108 3 • . 

10.7 uo,ooo 11 ~87 1. ·' 

Punky Wood, Douglas u.2s ()5 .-.o ignition for ·< • 9.2 cal cl!l•2 
Fir (mixed powder u.34 115 11 .tO H 
and small chunks) 0,70 480 -J. J 

10.7 110,000 II . J 

.Notes: 
(1) Based on tmax • 0,032 wl / 2 

(2) ~ • 2,6 llmax tux 
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Afterclow Sustained - ~(2) Z) .... H.ax 

,..-2~ ~c:al·c:·-2 sec:·l~ ~cal c•-2l ~cal c:a·2 sec·ll 

2 cal c:m-2 
lS 13 
1.2 21 
a 33 .. 3. i 30 
1. " 37 

' cal cm•2 - . 
u 10 
-l.j 17 
~. 9 25 

Flame 
~(2) 

'cal cm·2~ 
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Kange of 
~o. of Radiant 

Specimens Exposures 

~xposed 
Low High 

~cal · c•-22 

.) 9.2 
~ 12 13 
ll 19 29 
ll 33 43 
.)2 .!8 128 
!9 26 399 

l. ~.2 
J.3 8.5 13 
12 13 26 
13 .!2 32 


