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i ,4~S’V~d/7 { This memorandum is preliminury und the results
§2-/¢ ' obtained may need gqualification., Information that N
will permit a much more reliable choice of the R '
height of burst will reach here from woods udole and

from Epglund within the next two weeks. The main
purpose of presenting this memorandum is to give
warning that e firing height as low as 500 feet may
be reguired. This is in contrust with earlier
opinions (Weldman to Kumsey, 7 Vecember 1944) where
a bursting height 1500-2000 feet 1s considered.
Part of the discropancy (e factor 2.15) is due to
Waldman's assuning a 10,000 ton H.E, »auivalent,
whereas here a 1000 ton equivulent is wssumsd, The
renainder of the discrepancy is becuuse here 4
daemuge is sought, whereas Valdmun muximised B
damage.

I. ZIhes Natura of the Turgat

There is & significunt difference in the blust resisting characteristics
of Germun towns und tlose of Japanese towns. ihile in Germuny s troad
distinction may be made between imdustriul buildings «nd the remainder,
it 18 true thut thers is no pronounced contrast in the strength of ome
building snd anothsr, with the exception of the multi-floored relnforced
concrete structures which are relutively few in number. In Tokyo and
Yokohemu, some eress consist entirely of extremely strong stesl framed
and concrete structures built to resist earthquekes, whereas other much
larger areas contein only compurstively flimsy wooden houses with tiled

N roofs. (according to Ba 424 in 1926 an aren of 4400 acres in Taokyo con-
sisted one eight by aree of brick und concrete houses, one elght single
2 storey brick buildings with wooden roofs, znd three quarters wooden houses

with tiled roofs. The shopping and business ereas, not included in the
aoove, consisted of steel framed eerthquake resisting structures, or of
- relatively strong brick structures).

Therefore, it may be said that if the gadget is to be used in erea
attuck against & Gernen town, only one height of fusing 18 required for

- attuck anywhere, oSuch is not the case for area attack on Tokyo. If

~ accuracy of delivery cun bs guuranteed to within about 500 yards, then
the bursting height for attuck on wooden Fouses can be set twice as high

N us for sttuck on the business or shopping arcas. If this accuracy cannot
Le guaranteed, then some suitavle compromise must be worked out from -

~N

tacticul and statlsticul argumenta.
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It 4s worth pointing out that the concentration of strong buildings
into areas, surrounded by large areus of weusit bulldings, as found in
Tokyo, 1s an extremely fuvorable circumstunce for attack by the air-
exploded gadget. Underneath the gadget, the very strong blast causes
4 durage to the strong buildings; further away the relatively weakened
blast can still be enough to give # damage to the weuk bulldings.

,!i N B _C B BRST 7,11.;;.

Once the type of structurecs to be attacked have been selected, the
next question 1s "whut compromise in severity of damsge yis g vis area
of damage is to be mude”. oo such choice need be made here; we cun

proceed on two main wlternstive hypotheses.

a) The area of & dumere (complete destruction) is to
be muximised.

b) The area of B damuge (severe but not unrepairable
damage) is tc be maximised.

It should howsver be mentioned that opinion in fngland has recently
changed from requirement t) to recuirement a). This is a major change
in policy, wnd if a similar course is to bs followed with the gadget,
changes in fusing requirements may bs necessary. (dee later) Details
are being sought from bnglund on the current opinion of the relative

values of 4 &nd B damuge cuused in German towns by H. &, blast, but
the swing from b) to a) appears to be dus to the following reasonss

1) The robot attacks on London have forced a large scule
systemutic repeiring schedule, which has proved that
"B damage" is more readily repairazole than previously
theacht. This is confirmed by cover photographs of
Hamburg aund other eltles showing that reully lurge
arevs of B damage have been restorsd with incredible
rapiiity.

2) 4 demage implies many cesualties, snd this in turn has
a very serious effect on the efficlency of fire fighting.

ngﬂgg vriterisg: FﬂQﬁ - On und bide « On Blast

The area of & damege from a bomb 1s conventially considered equal
to that over uvhich the positive hydrestatic pressure-pulse has an area
exceeding 90 lbs. millliseconds per squure inch. However, these are strong
theoretical reasons why the criterion for much larger explosions should

hanged from ons of impulse to one of pressure, There is already some
%racticul evidence that “he transition region is 2-4 tons of charge

See for example Bd 700). The evidence is thut the area of damage
observed in a model town is about the sams, welght for weight of charge,
for scaled down 0.6 ton, 1.2 ton ard 2.4 ton charges of the same explosive.
If the oriterion of dumage were one of peak pressure, )he ares of damage
per unit weight of chnrge would be proportionsl to W= =1 3, where @ is
the wolght of chargo; if the eriterion_were one of impulse, the damaga per
unit weight would be proportlonal to hl 3. D _
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The fact that the damage observed in the model town, per unit weight,
was independent of the welght shows that the weights used were in }Ba
transition region. Ths dependence of damege per unit weight on '
is very eccurately obeyed for bombs of 250 lbs. -~ 1 tonm.

~ That the transition region is Z-4 tons of charge is reasonable,
4 pblast wave in which the area pressure is a few pounds to the square
inch, striking normally on & wall of a house (Fuce-On Blust) ut first
exsrts double tLls overpressure on the wall, the extra unilt arising
from the sudden stopping of tle air motion by the wall., Viffraction
of the pulse, beginning ut the top of the wull, soon relieves ths
pressure, which drcps in a time approxirately (height of wall <
speed of sound) to little more than the hydrostatic pressure in the
blast at this time. For & wall or house 30 feet high , the time of
release is sbout 25 milliseconds. Thus, a wall or housg Just able to
withstund iadefinitely a steody pressure of say 5 lb/in®, cun full
completely under the impact of a blust wave of overpressure 5 lb/inz,
becuuse of the kinetic pressure of the wir. Provided the duration of
the blust 1s <5 milliseconds or more, the impulse criterion will
automuticully ve satisfied and the failure will be determined by the
pressure sctuxlly exerted on the wall, If the duration of the blast
is smull campared with the diffraction time z5 milliseconds, the waell
may still be uble to withstand the impulse given to it, and this is
true however great the initlul pressure so long as the impulse 1s
less than the yleld amount. Thus the region of transition from
pressure to impulse is that where the Diust wave have approximately
the same durwtion us the diffruction time, wund therefore corresponds
with about 2 tons of churge. The above argument is certainly
qualitatively correct; wore exact culculutions on the release of
struss on the wull by inward venting of the bluast into & house, and
of the diffruction of the rlast over the roof, are in progress.

The Pegk Uver-Fresgures to .Giva s, B, und C Damage

4lthough many expsriments huve been made, and much experience
accumulatea from enemy attacks on Britain or allied uttacks on Germany,
it is still not possible to say with certeinty what blest pressure of
very long duration will do specified dumuge., The following discussion
may ¢ive figures accurate to within 20 per cent.

A, The radius of A dumuge for a 4000 lb. oomb exploding
among Uermun houses oa the ground is 100 feet. (®ee Bd 634,
. quoting C.1.U, {air Jinistry) figures obtsined from cover
photogruphs of 4000 1b. bomb attacks on Germany). .The
peak pressure at 100 fect is of the order 20 1b/in%,
This figure would certainly not apply to blust wuves of
long duration becuuss:

() ons house protects wnother; the olust from a
4000 1b, bomb does not immediately diffruct over
the top of & liouse;

) . i i i
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for large:r oxplosicas ths peuk pressure may be less.
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Two (2) 4000 1b. bombs air burst at <00 feet over ®pezis
(cee Bm 634 by Christopherson) just fuiled to give 4
damage on the ground although areass of B8 damage were
conslderabie. The fuses were not entirely reliable und
+ 50 feot wus & not unlikely error. 4t 200 feet from
a 4000 1b, bomb burst in free air, the peuk pressure is
about 6.5 - 7 1b./in. Taking these results at their
face value, 6.5 1b/in® is a little less tiwn sufficient
to give A demage. It must be sdded however that the
cover photographs were poor, and the ereas over which
the vomb exploded were thinly covereu with ouildings,
so that the evidence is no! entirely convlncing.

The following experiment (Bl 606) gives reliuble evidence
that & heavy, but rather old, brick and stone structure,
will be uwestroyed by a long duretion Llust wave © 1b/1in®.
Pressure vas created inside en old flax mill by ua slow
burning aluminun explosive. The builaing was considered
to be stronger t ian a normal bricx dwelling house, but
not so strong us & brick ousiness house or 3 storsy block
of flets. Fressure gauges inside the building shoved
pressures of 1l.4 1b/in%, wund 10,5 1b/in“ lzsting st these
values for «0 milliseconds. Ths building was wrecksd

(s dumege) but with little to spare. The equivalent
olast pressure would be hulf of the apove pressures,
because the blust doubles its pressure on striking a
structure.

ss & supplement to (C) & similur experiment in & lurge and
strong brick und stone dwelling house (an unoccupied
Scottish munse) gave pressure inside of 5 1b/in<, und the
damage was only type C (window frumes, doors und ceilings).

The peak pressure in a blest wuve which will destroy an
sarthquake resisting ferro-concrete structure is extremely
difficult to estimate. The only information availaole to
the writer is that & slow burning explosive placed inside a
very slightly vented air-raid shelter in kngland was con~
sidered to produce a steudy pressure of 70 1b/in% for at
leest 50 millisuconda and this was sufficient to open the
walls by teuring the concrete off the steel reinforcement.
Probaoly & pressure of 30 1lb/in% in the blust wave would

be enough to cause similer dumage to the earthquake re-

sisting buildings, but not to bring them down, The onl
encouraging feature for attack on %hese structures is that

they have & natural period of viorstion of rocking on the
grouna of 0,5 to 1 seconds, just about the period of the

blast wuve from the gauget (RC <03, Freemun, "barthquule

Damage und barthquake Insurunce", wictruw-nill 193</.




F, To cause 4 damuge to wooden houses, a peuk pressure of
lb/in2 would appear adequute, and mey og an over-estimute
%Dee repor. on FPort Chicago where 3 1lb/in“ wus accurately
assessed as the B damuge pressure, wod 8m 711),
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d, The peak pressure for U darnge may be taken uniformly
as 2 1b/in“, Unly for very speciul reasons (e.g. gs
attack, fire atteck, where mwaximum venting is the object)
would C dumage ve the major requirement,

Summing up, the estim-ted vulues of peait pressure to pruwiuce various
types of damsge in diffcrent circumstunces are as follows:

Tapit I
“aak Pressure wooden 'Average otrong Srick "sarthquake"”
to Give douses orick sdouses otructure Structure
FA 6.5 9 30
3 45 o <0
£ < 2 <

The deigit of gurst to waximise sreas Uvor alich Blast Fressure Is At
Lewst P 1b/inT,

The following reports have been consulted «#, 517, 523, 557, 607,
608, 8lc, 86<, 363, und Oohl 4076 and 4246,

The d, &, equivalent of the juuget may be defineu as that weight of
b, widch gives, at the sume distances, peax pressure in the range of
military importance (2 = 10 1b/in<) eyuul to those produced by the guadget.
The energy rclemsed by the gmazet muy possibly equul that released by
the H.b. equivulent, but may well be groater by a factor at leust two,
becuuse of the reletively lar_er dissipative mechanisms,

From the above regorts, it is possivle to construct z teble of heights

of burst which will maximise the sreus gn und newr the ground subjected

to blast pressure grecuter tlan P 1b/in®. Tuble 1L sives the results,

In order tiut the stem of the iuch wuve should not ve unduly diminished

oy running over oulldings, it was thought thut the neisht of the stem
shoula not be less thun three times the Lei_ht of liouses, wnd therefors

the height of the stem was taken never less than 100 feet., This may be

& sligiitly pessimistic viewpoint.

The table on the next puge cun Ds extendocd in scope, wnd the
necegsary calculations will ve pude ws scos ws Somo new dete errive from
woods liole, what is neevea 1s the wrea of each type of damage for each
heizht of burst. P - T ‘ =
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Tasls IX

The deight of Burst i feet for Verious 2. &, bquivelents In Urder
to Huximise Areas Un Ground Yver wlich FPressure is F lb/:?.n2 or Hore, '
and The Rudius R of These ureas.

Pressure Height H und
F 1b/in” Distunce R Ft. 1000 tons | 000 tons | 3000 tons 5000 tons | 1COC0 t
d 1000 1300 1450 1700 2150
“ R 4500 5700 6500 700 g7C0
A w00 1050 1150 1400 1750
? R 3800 4800 5500 6500 8200
z —
d 050 £00 % 200 1100 1350
* K 1 w00 | 3300 3700 4500 5600
i 550 650 L 750 850 1100
. K <150 2700 ‘ 3100 3700 L£00
i -
d 440 550 - i 650 750 g50
° R 1850 43_50- o —i 2700 3200 4000
~ —— 3 — -
o . d 340 450 ;500 600 o750
-— R 1650 Y2100 24,00 2800 i 3500
= ; §
d <50 1 30 350 P 450 P 550
— ? h 1500 1900 <150 L 2600 3450
N
~N
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do_Crater %ill Be Produced

so airect experimentul evidence is savailzble on cratering caused
by air bursts of very large charges. b&owever, the simple sculing lsew
that 811 linear dimengions are increused In tne sume ratio if the charge
weight is increased by the cube of this ratio holds within experimentul
arror over the range W 1/x lo. to W 3000 1lbs., Vepsading slightly on
the nuture of the soil, it is found experimenta’l{,that oo crater is formed
if the helght of burst abowve the ground sxceeds ® , where W 1is in
pounds. tilence, for « 10,000 ton gudpst, the nelght is only <70 feet.
Thus it appeears certain thut no cratering will e prodaced by & gadget
uniess it 1s fired to explode below 300 feet.

Zhs Pos 4 G

The blitz on Bnglund cuused many fires, somes of them were certuinly
directly or indirectly prcdu.c'°d by 4, b, bomos, By far the most effeciive
fire prouucer among H. k., weapons was the paruchute mine. In this case,
th3 probability of a fire certu.nly exceeded Jive per cent, and there
were no cempliceting fectors to be coasiderszc in determining the exuct
origin of the fire, such as fust or hot fregmonts, The exploeion of a
gaiget either iu CGermany or Japun, causing luvge wrews of # daomuge
'G'«l 11 umost certeinly result ia fires. rhile he general impression-arong the

Fire Force in bngland is that the Japunes are likely to prove the most
efficient fire guards in the world {dacause treir ordinary lives givss

them continuzl ckperience), the large number »f cususlties ussocisted
wish # danmsage may well lead to suci confusion in Japan thet the critical
incubstion period of the fires is passed unobserved. Therewfter the
fire guerus are useless; wnd on,.y the ¥ire Force counts, The possibiliuy

of eliminuting & large fraction of the Fire Force of u Japunzse town by
getuting the fircmen into the radiomctive contaminated ares to fight fires
is attractive and reclistic. ZThe success of & followeup attuck muy be
greatly increused in thi, way. For exwmpls, the "voil-over" of an oil
tank in the kondion docks caused 1500 cususliies in the personnel of the
London Fire oOrigade and strain put on tue Srigad~ was one of the muin reasons
for sationalizing the fire ferces of Zritain. 4 second similar incident’
(1200 casualties) two night later reduced the reserves ubsolutely to
280

another point perbeps worth mentioning is that tha probability of a
match bomb incerdiury sturtirg u fire in bupglund or Lermeny is some four
or five times higher if there is no fire guard jaterference. The incubution
period during vhieh « single person, with & little water, cun ewsily
extinguish the [ire in sbout 20 minutes. sstcr ttls, an gopliance pump
with hose is necded to dezl with the fire. if & gedget can be followsd
or accompunied by small I.d.s the probaubility of a« devesting [ire,
spreading well beyond the limits of the blest demage, will be greatly
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