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5 ABSTRACT e
Sictions simulating four types of frame building structures were ®...
¥ exposed to TUMBLER Shots 3 and 4. The four types were: (1) cubicle
g room with furnishings, (2) wall-cornmer, (3) cornice-corner, and (4)
L roof. Sections 2 and 3 were exposed with and without a fine flash ,
b fuel. Douglas-{ir springwood was chamg at least slightly out to about
1 13,000 feet (radiant exposure 4.0 cal/cm<) by Shot 3 and about il,000 L
feet (radiant exposure 5.1 cal/em?) by Shot 4. Sustained burning, o
either as glowing or flaming, took place only in fine fuels, It was RO
concluded that the flash of radiant energy from an atomic explosion A
will set sustained primary fire in fine fuel, but in general not in S
more massive fuels such as lumber and plywood. It is recommended that N
field study of primary fires on building structures be confined to fine A
| fusls to ascertain the conditions under which they become ignited to @
§ self-gustaining fire and to such other shapes and materials as may be v
shown by laboratory experimentation to be a poasible fuel for sustained
y primary fire. L
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1.1 OBJECTIVE

This investigation 1is part of the thermal radiation program of the
Armed Forces Special Weapons Project being conducted to ascertain the
thermal effects of atomic weapons, The purpose of the investigation
is to determine the probability of primary fires being sturted in
urban areas of the United States by detonation of an atomic bomb, As
an initial phase of this investigation specimens of common structural
details of frame buildings were exposed to TUMBLER Shots 3 and 4 to
obtain information on the vulnerability of wood buildings to primary
ignition and sustained burning. Such information is important to the
problem of ¢ivilian defense of urban areas, as well as to target damage
prediction,

1.2 SPECIMENS

The four types of test specimens exposed to Shots 3 and 4 are

shown in Figure A.l. They represented: (1) a cubicle room. (2) right-

le corner between walls, (3) right-angle corner with cormice, and
(4) roof., Structure 1 included several combustible materials placed o
receive radiant energy through a glass window. Structures 2 and 3 were
exposed with and without excelaior at the base to serve as a "fuse" fuel.
All wood was seasoned and all materials were new, except as otherwise
stated.

Structural frame members of all specimens were two-by-fours of
Douglas-fir. Interior wails and ceiling of the rooms were of 1/4-inch
gypsum plaster board. All other flat surfaces were of five-ply 1/2-inch
Douglas~fir, exterior-grade plywcod. Window frames and sash were of
ponderosa pine.

Roof sections were of wood shingles and asphalt shingles as are .-‘"'1"‘:'42
common on residences, and the built-up asphalt roof common on buildings ,,..5.,.;9%
with flat roof decks, R ?

Asphalt shingles were of standard asphalt-felt composition, 210 j
pounds for 100 square feet, surfaced with slute granules colored a jade o

green. The shingles were new, but intentionally abraded to remove the -
slate granulea and expose the asphalt over approximately 20 per cent of e
the exposed area, PIDANA




The wood shingles were of red cedar, No. 3 grade, darkened to a
gray coloy with a stain of water soluble black dye, These shingles
wers nevw, but were thoroughly wet and dried several times after being
laid to make them warp and curl as mmch as possible. Despite the
wetting and drying only a small percentage of the shingles were badly
curled at time of exposure,

The bullt-up roof was a typilcal asphalt-felt roof laid by a
competent roofer with one course of 30~pound felt, thres courses of
15=pound felt, and four moppings of asphalt for a total weight of
195 pounds per 100 square feet.

The wall-corner section simtlated the V-corner that is found in
nearly all residences. The cornice-corner section is the V-cormer
enclosed at the top by a roof, similating the sheltered porch type of
construction. These V-sections were chosen for test because of the
resistance they would offer against the blowing away of flame from the
pocket by the blast.

The room was constructed %o represent a frame house, The 6~foot
cubicle shape provided adequate strength and was large enough for con-
ventional construction with standard framing members and covering
materials, The front of the room contained a standard double-sash
window ‘o receive the radiation of the flash. One side wall contained
a smaller window to relieve shock pressure and provide a through draft
to the air blast.

For Shot 3, each room was furnished with a roughly constructed
table and chair of yellow poplar, stained a dark walnmut, and coated with
two coats of a typical nitrocellulose furniture lacquer. The seat of
the chair was cushioned with burlap upholstery padded with cotton waste
(Fig, A.2). For curtains, white cheesecloth was draped in folds at the
sides of the front window facing ground zero, and an oil-coated, muslin
window shade of ecru color was hung at the top of the window exposing
about 10 inches of its length, The arrangement was such that the shade,
window curtain, table, chair back, and chair seat received direct
11lumination through the front window from the atomic flash.

For Shot 4, an old overstuffed chair covered with red or brown
pile upholstery was added to the furnishings in three of the rooms
(Fig. A.3), a white cotton tablecloth and newspapers were placed upon
each table, and a plece of o0ld quilt or sheeting was hung on the back
of euch wood chair to simulate clothing., A paper carton containing
vastepaper to serve as a wastebasket was on the floor. Also a strip
of old woolen rug was laid on the floor in back of the front window.
Dark green, heavy rayon drapery was used in place of the white cheese-
cloth curtains used in Shot 3. The arrangement was such that the shade,
draperies, overstuffed chair, and rug received radiation thruugh the
front window et the 7000-, 8000-, and 10,000-foot stations and shade,




draperies, rug, cotton tablecloth, and newspapers at the 9000- and
11,000-foot stations.

The excelsior used as a flash fuel at the base of some of the
wall-corner and cornice-corner sections was a fine grade of spruce
excelsior with strands of approximately 0.0ll cm in thickness and 0.185
cm in width. It was light in color and reflected a high proportion of
the radiation incident upon it,

1.3 LOCATION AND MOUNTING

The test atructures were strongly constructed and mounted to re-
8sist demolition by the hlast in order to show only the incediary
offects of the flash,

In Shot 3, 31 construction specimens were placed at six stations,
approximately 6000 to 16,000 feet from ground zero, as given in Tahle
All‘

In Shot 4, 51 construction sections were placed at nine stations,
approximately 4000 to 13,000 feet from ground zero, as given in Table

] L]

All rooms, V-sectlons, and roof sections were oriented towards
ground zero. The rooms and V—sections wore set vertically; the mof
sections were at an angle of 30° from the horizontal. Excopt at the
4000~ and 5000-foot station all specimens were raised 4 feet off the
ground to avoid sand blasting. Sandbag foundations were bullt under
the rooms and V-specimens. Except at the 4000=foot station 2 inches
of coarse gravel was spread in front of the test specimens to a
distance of at least 50 feet toward ground zero in order to keep down as
much as possible dust, sand, steam, and smoke at the time of the shot.

1.4 FABRIC PANEL

In addition to the construction specimens, a special panel was
exposed normally to the radiation of Shot 4 at the 7000-foot astation.
This panel was divided into twelve 14~ x l6-inch compartments in which
six types of common household fabrics were placed for exposure to the
flash with and without glass covering. The glass was single strength
window glass, The fabrics were as follows:

a. Groen rayon drapery, with air space behind.

b. Unbleached sheeting, one thickness, laid upon an underlayer
of cotton cloth,

¢, White cheesecloth, four layers, with air space behind.

d. Bright red cotton cloth, of looser weave than the sheeting,
with air space behind,

1




8. ngingriaze upholstery backed by cotton fiber upholstery
P .
f. Heavy, gray wool rug laid on plywood flooring.

1.5 MDISTURE CONTENT

Before Shot 3 the weather had been dry and warm, and without
sonditions conducive to dew for nine nights. Shot 4, on the other
hand, was preceded by two days of rain and three nights of 100 per cent
relative humidity and hoavy dew, To estimate the molsture sontent of
the wood of the building structures at the time of burat, samples of
excelsior, Douglas-fir veneer, and cedar shingles were exposed to the
atmosphere where they would not be influenced by the flash. Within 30
minutes after each burst the samples were collected and sealed for e
h:;r uu;lysis. The results of the analysis for moisture are given in F-
Table A.3.




2,1 PHOTOGRAPHS AND TABLES

Documentary photos taken befors and after Shot 3 ave shovz in
Figures A.1 to A.13, The ground and slant distances for the exposure
atations, the total thermal energy received at the stations and the
time of arrival of the hlast wave are given in Table 4. Tables 5, 6,
and 7 summarize thermal effects observed in Shots 3 and 4.

2.2 ROOF SECTIONS

None of the rvof sections caught on fire, and in no case was there
loss of serviceability as a roof. The asphalt of the shingles and
built-up roof sections melted and flowed at all distances tested. The
cedar shingles were charred but did mot burn. The depth of char in the
wood shingles at 7000 feet was estimated to be a few tenths of a milli-
meter, but at 13,000 feet the surface was only slightly darkened.

2,3 WALL-CORNERS AND CORNICES

The springwood of the Douglas-fir plywood and lumber was affected
vhere it was struck by the radiation of the atomic flash at all distances
tested except at 16,000 feet. At 6000 feet the springwood was charred
black and deep, but at 13,000 feet it was only slightly and super-
ficially discolored in spotted patches. The more dense summerwood
of the Douglas-fir was affected mich less than the springwood and even
at 6000 feet was only slightly darkened. The result was a black and
yollow pattern (Fig. A.7) on the exposed surfaces of most of the
Douglas-fir wood at 6000 to 10,000 feet from ground zero. Pleces of
maple of high density attached to the structural supports at 6000 feet
were blackened by the incident radiation, but not so deeply as the
Douglas-fir springwood at the same stations,

The excelsior caught fire and burned at 7000 feet (Figs. A.6

and A.7) but not at 13,000 feet. At 10,000 feet the excelsior burned
completely at the base of the cornice (Fig. A.12); at the base of the
wall corner it was ignited but soon extinguished (Fig. A.1l). Where the
excelsior burned completely, the fire in the wood structure continued
2,3 and 3.5 minutes after the blast wave and burned deeply into the fece
of the panels and the under-side of the cornice to a depth of 1/16 to
1/8 inch before dying out.
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2.4 BROOMS

No sustained fires were set in the thiee ooms exposed to Shot 3,

The pigmented cloth window shade of ecru color was ignited only et

the 7000-foot station, tut there is no evidence that the fire continued

aftor the blast. The white cheesecloth window curtain was only very
slightly scorched at 7000 feet, and unaffected by the thermal radia-
tion at 10,000 and 13,000 feet. The heavy cotton cloth of exposed
sandbags and an unbleached ahieeting, used at some stations to protect
the sarndbags, vers burnsd or charred cut to 10,000 feet from ground
sero and slightly scorched at 12,000 feet (Fig. A.5).

The chair and table furniture of yellow poplar wood was little
damaged by the flash, At 7000 feet the burlap covering on the chair
was hlackened along the eéxposed edge and cver a part of the aseat,
and the lacquer finish on the chair and talile was whitened.

2.5 SPOT FIRE

At the 7000-foot station a plece of ignited sheeting was carried
30 to 40 feet, landing at the base of a sheet of plywood that had
been blown from the back of a roof section. A spot fire resulted in
wvhich an appreciable area of the plywood was burned (Fig. A.13).
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3.1 PHOTOGRAPHS

Documentary photos taken before and after Shot 4 are shown in
Flgures A.1} to A.21,

3.2 BoOMS

None of the roams nor any of their contenta were set afire, The
darker parts of newspapers inside the rooms were burned at 9000 feet
(Fig. A.20) and discolored as far as 11,000 feet from ground zero.
The pile fabric of the overstuffed chair upholstery was charred at
7000 feet (Fig. A.15) and slightly darkened at 10,000 feet. At 9000
feet the edges of the green rayon draperies were slightly browned,
but at 7000 feet all the exposed area was deeply browned. The wiadow
shade showed discoloration only at 7000 feet.

3.3 EXCELSIOR

At 7000 feet the excelsior was ignited and consumed (Fig. A.18).
At 8000 feet fine tips of the excelsior were charred and two spot
fires vere started, but the excelsior did not burn completely (Fig.
A.19). At 10,000 feet only a few fine tips were discolored.

3.4 WALL-CORNERS AND CORNICES

At 6000, 7000, and 8000 feot the Douglas-fir plywood showed the
characteristic hlack and yellow pattern due to charred springwood and
almost unaffected sumerwood, but very little pattern at 10,000 feet.
Whers the excelsior burned completely, the structure was deeply burmed.

3.5 ROOFS

None of the roof sectlions were badly damaged either by radiation
or blast. At 4000 and 5000 feet there was surface carbonization of the
codar shingles to a depth of a few tenths of a millimeter, but pro-
gressively less at greater distances. At 4000 and 5000 feet the asphalt
composition shingles became hot enough to discolor and lose much of
the bright green color, but would still be serviceable as a roof. There
was evidence that the asphalt of the built-up roofing melted at all
distances out to 10,000 feet.

——— A




i 3.6 SORAP PILES
<

At 7000 and 10,000 feet there were scrap piles of waste plywood
and lumber., The one at 10,000 feet also contained paper, excelsior,
and cartons., At 7000 feet there was scme charring of the wood but ne
evidense of burning. At 10,000 feet the excelsior and the paper caught
fire and burned appreciably at three or four spots, depositing soot on
pleces of wallboard, but the fires soon went out (Fig. A.2).

3.7 FABRICS

The panel of fabrics at 7000 feet, half direcily exposed and half
exposed under glass, gave various results (Fig., A.16). In general
the glass offered a protective screening that reduced thermsl effects
on the fabrics beneath. This was particularly evident with the green
rayon drapery, the vhite cheesecloth, and the red cotton cloth.
Protective scresning by the glass was not very evident with the un-
bleached sheeting, the frieze upholstery, or the wool rug. All fabrics
under glass or exposed directly were badly charred and two of the
fabrics directly exposed — the green rayon and the red cloth -- were
completely consumed.
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4.1 BLAST DAMAGE

From observations of physical damage done by the atomic blasts
of TUMBLER Shots 3 and 4 to the building structures exposed by Project
8.5, it 1is probable that typical frame dwelling houses, directly
struck by the shock wave, would be practically demclished within a
cirole of about 7000 feet radius by a bomb of Shot 3 strength or within
a circle of about 5000 feet radius by a bomb of Shot 4 strength. Within
this Yoircle of demolition" primary fires, ignited by thermal radiation
from the bomb would assist secondary fires caused by overturned stoves,
broken gas lines, and the like, in building up a general conflagrationm,
tut would be of secondary importance to the bomb blest as an agent of
destruction,

4.2 THERMAL EFFECTS ON LUMBER AND PLYWOOD

From the results of this field study it was evident that an in-
tense but brief flash of thermal radiation from an atomic bomb may
singe surfaces of sound lumber and plywood and even carbonize the
surfaces to a depth of several tenths of a millimeter but will not set
the wood afire for any appreciable period beyond possibly a transient
flash., It is concluded therefore that, ut least beyond the circle
of demolition, primary fires are not, in general, ignited in massive
wood (massive, as distinguished from finely divided wood such as
excelsior and paper), by the momentary thermal radiation from an atomic
bomb.

4.3 THERMAL EFFECTS ON FINE FUEL

The only primary fires ignited in these tests and sustained for
more than a brief moment were in fabrics, excelsior, paper, and punky
wood. The fabric and excelsior fires were intense enough to spread
to adjacent wood structures, The paper and punky wood fires might have
started othar fires under more favorable moisture conditions. Primary
fires, therefore, can be started by strong momentary thermal radiation
in fine combustible material, such as fabrics, excelsior, paper, and
punky wood, burning either as glowing or flaming combustion and con-
timing to burn after the shock wave. These primary fires may in twrn
ignite wood structures. Whether these fires in wood structures die
out with the primary fire in the fine fuel, or whether they are self
sustaining, depends on the physical properties of the wood, its moisture
content, and the rate of flow of heat to the wood surface by radiation

17
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and convection, in accordance with physical laws of fire.

4.4 EFFECT OF MDISTURE CONTENT

There was some evidence (Tahle A.7) that the higher moisture con-
tent of the combustible substances at Shot 4 decreased to some extent
the charring and igniting effects of the incident radiation. In par-
ticular, drier excelsior at Shot 4 would probably have burned more
readily in those cases where the excelslor tips were singed off and
would probably have burned completely where spot fires were ignited.

Of even greater importance than the effect of moisture upon the
ignition of primary fire appeared to be the effect of moisture on the
extension of the primary fires into other combustible fuels. There
is 1little doubt that the several primary fires started by Shot 4 would
hare burned the adjacent structures and materials more severely but for
the high moisture content on the morning of the shot.

4.5 EXTINGUISHING EFFECT OF BLAST

The blast that follows an atomic flash has a pronounced tendency
to extinguish flame, This was illustrated by the spot fires started
in the trash plle at the 10,000-foot station by Shot 4, which would
most probably have resulted in a "bonfire" if the flames of the spot
fires had not been blown out by the blast. There is evidence that glow
is not extinguished by blast as readily as flamo. Cotton and rayon
fabries and punky wood were relatively easy to ignite and temded to
continue to glow despite the blast of a shock wave. They are, there-
fore, serious potential firebrands. Also it 1s probably that the ex-
tinguishing effects of the blast will vary with the form and the com-
pactness of the burning substance. Thus flame may be blown off a
smooth wood surface but into a mass of excelsior.
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CHAPTER 5
SUMMARY AND RECOMMENDATIONS

5.1 SUMMARY

Cubicle-rooms with furnishings, and wall-corner, cornice-corner,
and roof sections were exposed to Shots 3 and 4 at distances from about
4000 to 16,000 feet from ground zero.

Springwood Douglas-fir au.sfaces were singed by incident thermal
radiation as lov as 2,7 cal/om<, but vere not ted to sustained
primary fire by energles as high as 23.6 cal/em=<.

Asphalt aces were melted by incident thermal radiation as low
as 2.8 cal/om*, but were not 1g31ted to sustained primary fire by
energies as high as 23.6 cal/em~.

Primary fires were ignited in fine combustilile excelasior, fabrics,
paper, and punky wood. The fire in tge excelaior wvas ignited by
radiant energies as low as 6.7 cal/cm”.

The following more important conclusions were drawn:

a, Sustained primary fires are not set in sound massive wood, at
least beyond the oircle of extensive demolition, by the brief flash of
radiant energy from an atomic bomb of thermal energles of Shota 3 and

b, Primary fires may be set in fine combustible matter by the
atonic bomb flash.

¢, Primary fire flame in fine combustible matter may or may not
be blown out by the shock wave blast.

d., Primary fire glow in fine combustible matter resists extinction
by the shock wave blast.

o, Fires in wood structures may be started by primaiy fire in fine
combustitds fuel.
7 f. The duration of fires in bLullding structures started by primary
fires in fine fuels ignited by the atomic flash depends on physical
laws of fire with little dependence on the radiation from the bomb.

5.2 RECOMMENDATTONS

At present too little is known about the conditions under which L
sustained primary fires are ignited by an atomic flash, the nature .

of the combustion (whether flame or glow) and the probability of the

fire being extinguished by the atomic blast., Accordingly it is

19
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recommended :

(1) That leboratory experimentation be conducted to ascertain the
conditions (including dimensions, surface texture, quantity, sub-
division, compactness, moisture content, and radiant energy) under which
materials commonly found in citiss and towns are ignited to sustained
burning by intense tut brief radiation as from an atomic bomb.

(2) That the conditions be ascertained by laboratory experimenta-
tion under which primary fires ignited by radiation are extinguished by
a blast similar to that from an atomic explosion.

(3) That field experimentation include spot checks of those
materials or constructions that have been found in_the laboratory to be
ignited by thermal erergies of les= than 2¢ -al/em? which sustain com-
bustion either by giowing or flaming, amd ...uch resist axtinction of the
burning by a shosk blast of air.

(4) That, following the laboratory and field experimentation, a
method of surveying urben areas be devised by which the frequency of
occurrence of substances ignitable to sustained primary fire could be
ascertained for an estimate of the probable number of fires that would
be set per square mile by an atomic detonation.

(5) That recommendations be made from the results of the labora~
tory and field experiments as to measures that should be taken to reduce
the probability of gemeral conflagration in urban areas of the United
States in the event of an atomic weapon attack,
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ch Room Exposed to Shot 3.

Ea

Hardwood Table and Chair with Padded Seat of the
Type Placed in

Fig. A.2.
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,000~-ft Station,

Red Pile Overstuffed Chair Exposed to

Shot 4 in Room at 10

Fig. A.3.
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Fig. A04¢

Room at 7000-ft Station Before Shot 3.

Room at 7000-ft Station After Shot 3.
Shade, front wall, and sheeting covering
sandbags charred. No sustained burning.
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Douglas-fir plywood and

3.

celsior burned, charring the plywood deeply.

Sections at 7000-f+ with (bottom) and without
e

lor, After Shot

(top) Excels
posts singed,

Wall-corner

Fig. A.6.
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Plywood and posts singed.

at 7000-ft with (bottom) and without
After Shot 3.
Plywood deeply burned by fire in excelsior.

Cornice~corner Sections

(top) Excelsior,

Fig. A.7.
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.+ Fig. As8. Asphalt Shingle, Builteup Asphalt, and Cedar Shingle
Roof Sections at 7000-f4 after Shot 3., Asphalt shingles
bent; wood shingles blaockened; surface asphalt melted
and flamed,
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Fig‘ A.9l

Roomt at 10,000-f't After Shot 3. Front wall
singed. Sheeting covering sandbags burned away.

A.10. Room at 13,000-ft Af'ter Shot 3.
No thermal damage.




Fig. A.1l. Wall-corner Sections at 10,000-ft Af'ter Shot 3.
Two spot firea of short duration in the excelsior.

Pig. A.12, Cornice-corner Sections Exposed with and without
Excelsior to Shot 3 at 10,000-ft Station. Ply-
wood on right deeply burned by fire in excelsior.
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Spot Fire aut 7000-ft Station in a Sheet
of Douglas-fir Plywood Set Ablaze by a
Firebrand of Sheeting Ignited by Shot 3.
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Three Roof Sections at 4000-ft, Before {top left) and After Exposure to Shot 4.
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Fig. A.15,

Interior of Room at 7000-ft Af'ter Shot 4.
Sash, shade, and drapery blown in; upholstery
torn by flying glasa; part of chair upholstery
pile darkended by carbonization,
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® Fig. A.16, Panel of Fabrics at 7000-ft, Before and After Shot 4.
i Woed singed; glass shattered; rayon drapery burned;
-1 cotton sheeting burned; cheesecloth slightly browned;
o red cotton cloth burned; frieze charred; wool rug
fused and charred.
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Fig. A.17. Scrap Pile of Wood at 7000-ft Station Before (top)
and After (bottom) Shot 4. Exposed wood singed;
pile disarranged; no burning.
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Fig., A.18. Cornice~corner at 7000-ft After Shot 4. -
. Plywood singed; sandbags charred in spots;

L excelsjor set afire, .
‘~.‘ 'E.
.

1-._‘ .. ot T . ._'_ A" >. _ s _. ot LT '_-:,:.-‘ “‘ . '
Fig. A.19. Cornice-corner at 8000-ft After Shot 4. S
o Plywood singed; excelsior tips burned;
L two brief spot fires in the excelsior.
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Fig. A.20.

Interior of Room at 9000-ft Before and After
Shot 4. Newspaper against far wall (botitom
picture) partly burned.
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> TABLE A.)
i Disposition of Test Specimens in TWMBLER Shot 3
: Station | Room| Wall- | Cornice- Roof i
i corner | corner —— - he !
; Asphalt |Asphalt |Cedar L
S shingle |built-up|shingle e
6000" X X T
A 7000 X | X xe X X* X X X .
3 8000" X X X T
" 10,000' X X X X X» X X X .
2 :
13,000 X X X% X X» X X I .
. 16,000" In X -
#Excelsior, 1-1/4 pounds, was at the base of these specimens "

(. as a "fuse! fual,
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TABLE A.2

Disposition of Test Sections in TUMBLER Shot 4

Station | Room{ Wall- Cornice- Roof
oorner | comer Xspﬁaltr Asphai.t 7Cedaf —
shingle | built-up | shingle
Looo! X X X
5000 X X X
6000! X £ X X X
7000! X X X» X X X 4 X
8000 X X X» X Xn X X X
9000! X X X X
10,000 X X X» X Xn X X X
11,000'! X
12,000! X X» X X#
13,000! X X% X Xa X X X

#Excelsior. 1-1/4 pounds, was at the base of these specimens as
a "fusa" puel.




TABLE A.3

Moisture Content Values of Wood Samples

Sample of material

Molsture content values#

Shot 3 Shot U
Veneer, inside test room - 12,1
Veneer, outside 6.2 11.9
Shingles, outside 6.6 1.l
Excelsior, outside 5.3 12,2

#Expressed as percentage of weight dried at 100° C.
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TABLE AL

Distances, Thermal Hadiation and Blast Arrdval for the Exposure

Stations in TWMBLER Shots 3 and 4

Exposure | Ground Slant Total Thermal |. Blast Arrival
Station | Distance | Distance | Radiationd Time
Feet Feet Calories /eme Seconds.
TUMELER Sho
6000 5964 6886 16.3 4.56
7000! 6982 7784 12,7 5.32
8000 797L 8685 10,1 6,08
10,000 9964 | 10,541 6.7 7.67
13,000' { 12,953 | 13,402 4.0 10,08
16,000' | 15,547 | 16,313 2.7 12,51
TUMBLER Shot 4
yooor | 3922 boés | 33.8 2,26
5000! k910 5017 2Ll 3,02
6000 5901 5991 1.9 3.78
7000¢ 6918 6995 10,8 L.62
8000 7911 7978 8.1 5.lb
9000 ! 8905 8965 6.b 6,31
10,000 9901 9955 5.1 7.1h
11,000' | 10,897 | 10,946 b2 8,00
12,000 | 11,804 | 11,939 3.5 8.83
13,000 | 12,851 | 12,933 3.0 9.68

%alculated from revised total thermal radiaticn curves for
Operation K/U issued October 6, 1952,
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TABLE A,5

Thermal Effects of TUMBLER Shot 3

Station | Normal
thermal
energy
Cal/ome |

6000 16,3
7000! 12,7
8000 10.1

Incident
thermal
energyl/

Incendlary effect

"Cal/ome
10. 0“1h01

15.7
8.1-11.4

-

943
8.1

10,6 .

Douglas-fir lumber and plywood
singed to yellow-black pattern.
No sustuined {lame or glow.

Maple blackensd,

Douglas-fir singed to yellow-
black pattern.

Excelsior burned completely;

- sustained fire on both V.
sections. S

Asphalt melted; no evidence of -
flama. Cedar shingles blackened,
Shade ignited, but fire extin-
gulshed, Cheesecloth curtain
slightly scorched, Furniture
lacquer whitened, Furniture
wood undamaged. Burlap seat
blackened.

Unbleached muslin charred through;
sustained flame or glow.

Sandbag canvas blackened.

Douglas«fir lumber singed yellow-
black,

Asphalt melted, Cedar shingles
blackened., No sustained flame
or glow.

lhormal snergy x cosine of angle of incidence,
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TABLE A.5 (Gontinued)

Thermal Effects of TUMBLER Shot 3

Pl a¥ B AF I SR L I IR TR A )
.

Statlon { Nommal
thermal
energy
ol /ome

10,000! 6.7

13 ,000! L.o

16,000 2.7

Incident
thermal
energy

Incendiary effect

~Cal/ond
6.3

5.1

1.9

Douglas-fir wood singed yellow-
brown, S h

Excelsior burned completely at
cornlee; sustained burning.
Excelsior ignited at wall-
corner; flame not sustained.

Asphalt melted. Cedar shingles
darkened, :

Shade not darkened. Cheesecloth
curtain not darkened. Furniture
lacyuer whitened in spots.

Table and chair wood undiscolored.
Burlap seat darkened.

Unbleached muslin charred through;
sustained glow,

Sandbag canvas darkened in spots,

Douglas-fir springwood darkened.

Douglas-fir springwood darkened in
Spotﬂ .

Excelsior not charred.

Asphalt melted, Cedar shingles
slightly darkened.

Shade not darkened. Cheesecloth
curtain not darkened., Furniture
lacquer undiscolored., Burlap
seat not darkened.

No thermal effects.




Thermal Effects of TUWBLER Shot L

TABLE A.6

Station | Normal
thermal
energy

~ al/cn
Looo! 33.8
5000! 21.L
6000" 4.9

Incident
thermal

energyd/

Incendiary effect

e

~Gal/cne
23.6

23,6

.3
.3

10.L

946

Both spring and summerwood of
Douglas-fir blackened; spring-
wood, deeply.

Asphalt deeply melted; no evidence
of flame. Green slate granules
discolored gray. Asphalt
shingles fused together, Cedar
shingles deeply charred. Deep
carbonization from sustained
glow in punky wood of shingle,

Douglas=fir springwood charred
deeply, summerwood darkened,

Asphalt deeply melted. Green
slate granules badly faded, or
discolored to gray. Asphalt
shingles fused together. Cedar
shingles blackened.

Douglasg-fir singed to black-brown
pattern. Springwood cdeeply
charred.

Asphalt deeply melted. Ureen
slate granules undiscolored.
Asphalt shingles fused together.
Cedar shingles blackened.

Sandbag canvas charred.

WNormal energy x cosine of angle of incidence,
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TABLE A.6 (Continued)

Thermal Effects of TUMBLER Shot 4

Station

Normal
thermal
energy

Incident
thermal
energy

Incendlary effect

70001

7000!

7000!

ﬁai/émg
10.8

10.8

10.8

10.8

Cal/cmg

7.6

6.7

-

10.8

10.8

Douglas-fir singed to yellow-black
pattern. ‘

Excelsior burned completely; sus-
tained burning on both V.sections
with excelsior, through face ply.

Asphalt melted. Asphalt shingles
not fused together, Cedar
shingles blackened.

Shade darkened.

Wood of scrap pile charred to a
yellow=black pattern; no evi-
dence of flaming or glowing.

(reen drapery in room browned;
evidences of temporary glowing.
Chair furniture finish turned
dark brown, Chair wood not
discolored, Pile upholstery
partly carbonized.

Sandbag canvas charred in spots.

Green rayon drapery, directly
exposed -- completely burned,
charring batten strips.

Same, exposed behind glass -
charred dark brown,

Unbleached sheeting, directly
exposed -- top layer completely
burned, second layer cuarred in
spots, third layer discolored
in spots.

Same, exposed behind glass =«
similar to sheeting directly
exposed,
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TABLE A.6 (Continued)

Thermal Effects of TUMBLER Shot 4

Station

Normal
thermal
energy

Incident
thermal
energy

Incendiary effect

8000

10.8

10.8

10,8

8.1

10.8

10.8

10.8

507-8. O

-

White cheesecloth; directly ex-
pused -- about 15 percent of
area browned.,

Same, exposed behind glass «=
slight browning of edges only.

Rel cotton cloth, directly expo-
sed -- both layers almost com-
pletely burned away.

Same , exposed under glass --
top layer severely charred,
under layer almost undiscolored.

Green frieze upholstery, directly
exposed -- nap severely charred
with green color gone, base
fabric discolored.

Same, exposed under glass -« nap
severely charred with green
color gone, base fabric slightly
discolored.

Gray wool rug, directly exposed --
heavy nap cllarred, fused, and dis-
c¢olored brown,

Same, exposed behind glass -«
similar to wool rug, directly
exposed.

Douglas-fir singed to yellow-black
pattern,

diost of excelsior unchanged; flam-
ing or glowing excelsior tips
fell on sandbags charring the
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TABLE A.6 (Continued)

Thermal Effects of TUMBLER Shot 4

Station

Normal
thermal
snergy

Incident
thermal

energy

Incendla.y effect

8000

9000

10,000!

1 Cal/one

8.1

é.l

5.1

L9

6.4
3.8

306"5.1

3.0

Cal/ome

canvas; two small spot fires in
the excelslor adjacent, to the
cornice~corner;y no sustained
burning .

Asphalt melted. Cedar shingles
blackened.

Shade not discolored. (Green
drapery discolored brown. Chair
front upholstery pile and pillow
darkened., Wood of upholstered
chair unaffected,.

Douglas-fir wood singed browne
yellow in spotted pattern.

Asphalt melted. Cedar shingles
slightly darkened.

Shade not discolored. Green
drapery browned at edges.
Sheeting tablecloth not dis-
colored. Black print of news-
paper charred through one sheet
and into next.

Springwood of the Douglas-fir only
slightly and occasionally dark-
ened; singed pattern not con-
spicuous.

Excelsior unburned; a few tips
discolored brown.

Asphale slightly melted, Cedar
shingles barely discolored.
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TABLE A.6 (Continued)

- Thermal Effects of TUMBLER Shot 4

Station | Normal | Incident Incendiary effect .
thermal | thermal ~
snergy energy
X - Cal/cm? | Cal/cme - N t :

’ == Shade not discolored. Green P
drapery not discolored. Pile of N
chair upholstery very slightly
. darkened. .

1 == Spot fires started in scrap pile,

‘@ where newspaper, tlack photo -

paper, and excelsior ignited, '
charring paper carton edges and T A

- depositing soot on gypsum board; RRNERRS .

but spot fires were of short DR

L duration. o

11 ,000! k.2 - Parts of newspaper browned, No

other thermal offects.

2 12,000' | 3.8 - No thermal effects,

: ﬂ‘ 13,000! 3.0 1.7 No evidence of asphalt melting.
¥ - No thermal effects.
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Y TABLE A7
J?j Thermal Effects on Various Substances by Radiation from
"3 TUMBLER Shots 3 and U4
v}j Substance Energyl/causing effect Thermal effect
- calories per sq. cm. observed
o Normal Incident
Shot 3|Shot L} Shot 3|Shot L
\ Douglas-fir eesvss] 841l ]eiuiia] 8,0 No effact
i summierwood 12,7 | 10.8 8.1 1 7.6 Slight darkening
1 seas e h.9 ses e 10.h Browned
o sies e 33.5 decene 2306 BIECkening
! Douglas-fir 2,7 L2 | 1.9 L.2 No effect
- springwood L.O | 5.1 2.7 | 5.1 Slight darkening
6.7 6ou 603 6¢h Browning
10,1 | 10.8 9.3 | 7.6 Blackening
Excelsior LG 3.5 Jieieieevenee | Not discolored
seoeve] Sel leeesesfesesee | Tips browned
6.7 8.1 es o2 foisvie Spot fires
6.7 | 108 fovives]eeeess | Sustained fire
Asphalt k.0 5.1 2.8 } 3.0 5light melting
12,7 ) 14,9 | 10.6 | 9.6 Deep melting
Cedar shingles k.o g.1 2.8 | 3.0 Slight dis-
coloration
12,7 | 1.9 | 10,6 | 9.6 Blackened
ereaes| 3.5 |h.oiii]23.6 Deeply charred
£eru window shade 6.7 8al lieeviealeseees | Not discolored
(behind glass) vesvess ] 208 Leeieedeesees | Browned
12.7 LI N A ) *é o e *e b0 Ignit‘ed
White cheesecloth vevees ) 20.8 |......[10.8 | Browned




TABLE A.7 (Continued)

-

Thermal Effects on Various Substances by Radiation from
TUMBLER Shots 3 and 4

Yt o M TN N X

B - AR AT

Subs tance Energyé/causing effect Thermal effect
| calories per 8q. cm. obgerved
iz Normal Incident
3 Shot 3Johot Lfohot 3]ahot L
i White cheesecloth 6n7 svesvoflovecenfosrese Not disCO].OTed
‘|‘ (behind g].QSS) 12.7 1008 sessssnfoccuce Edges browned

Green rayon draperyl......|] 0.8 |...evo] 10,8 | Burned

Creen rayon drapery|.....e} 5¢l Jeeeesc]eieiue | Not discolored
(behind glass) cvesea] 6l Jeeeeis]ieeees | idges browned

veesee] Bl ]eiieee)eess.. | Browned

EEEE 1008 ssesoo flecocce Charred dark brown

Furniture lacguer LeO Jeveese|oenseafiveees | Not discolored
(behind gl&SS‘) 6.7 G800 VRGP Jodacnrye Whitened
AR 10.8 esssselssnsse | Browned

Red pile upholsteryl......

sesass lonoaasse Sltght discolor&—
(behind glass)

541
tion
ssc e 801 esssss fossrse Darkéned
0.8 Jeeveee]essees | Blackened

KARNCELICEREE = ettt s Tl Sa

[ NN NN | 1

Burlap chair seat U0 Jeveves]evensafeseass | Not discolored
(behind glass) 6.7 {esessslococsalivesss | Browned
12‘7 L N B N (AN N NN ) [ N ) B].Bckened

.. e

N
E3

;?‘ UnbleaChed muslin 6.7 &0 s s 6804 @ S8 6000 Charred thrOugh E;
. sheeting eoense ] 10,8 |oiieva] 10.8 | Burned o
;; Unbleached muslin Joeeusa| 6k foieeiafoneses | Not discolored
‘:' Sheeting (behind ses s o0 10.8 cses s Rosv o B‘LImEd
- glass)
A
r';'._ Newspaper seen e Ll.2 ssooves flencseve Browned
: ~ (behind glass) cosess ] 6l }oiieii]o vvs [Charred through
Th
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Commander-in-Chief, U. 8. Atlantic Pleet, Fleet Post

Office, New York, N. Y. 103-104
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P Va. ATTN: MC Tactics Board 116
4 Director, USMC Development Center, USMC Schools, Quantico,

. Va. ATTIN: MC Bquipment Board 117
. Commanding Officer, Fleet Tralning Center, Naval Base,
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Officer-in-Charge, USKN Civil Engineering Research & Evelua-
tion Labaratory, Construction Batallion Center, Purt
= Hueneme, Calif. ATIN: Code 753 134-135
Commanding Officer, USN Medical Regearch [nstitute,
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Conmandant, Alr Command and Staff School, Maxweli AFB, Ala., 186-187
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