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ABSTRACT

Earth~covered corrugated steel structures, both full-size and
quarter-scale models, were tested on Shot 12 of Operation TEAPOT. The
tests were designed to obtain a measure of the blast resistance and the
radiation resistance of this type of structure (a 25-foot spen arch) if
it were used for a personnel shelter. A full-scale structure (origin-
ally constructed for Froject 3.15 of Operation UPSHOT-KICTHOLE and re-
tested on TEAPOT) successfully withstood peak pressures of ll-psi side-
on and 30-psi dynamic on the open plain. Another full-scale structure
failed under the load produced by peak pressures of 30-psi side-on and
170-psi dynamic on the open plain. Prompt radiation was attenuated by
8 factor of 100; the radiation resistance would be greatly improved by
additional thickness of earth cover at the crown.

The performsnce of the specific composite structure tested has now
been adequately bracketed for military purposes and no further tests of
it are recommended. Further tests of earth-covered corrugated steel-
arch structures may be desiradble if significant departures are made from
the design tested on Operation TEAPOT.

The performance of the models was roughly consistent with expecta-
tions. Although further experimentation will be required before the
reliability of the model results can he assured, the TEAPOT results
suggest that static inodel tests prior to any further full-scale blast
tests will enhance the value of the results, and will reduce the cost,
of such full-scale operations.

3
CONFIDENTIAL

oooooo

------

oooooo

-----

oooooo

oooooo

nnnnnn

W ks




------

......

.....

-----

oooooo

------

FOREWORD

This is one of the reports presenting the results of the 47 projects
participating in the Military Effects Tests Program of Oparztiion TEAPOT,
whioh included 14 test detonations.

For readers interested in other pertinent test information, refer-
ence is made to WI-1153, Summary Beport of the Technical Dixesier,
Mlitary Effects Program. This summary report includes the following
informntion of possible general interest: (1) an overall desoription
of each detonation, including yield, height of burst, ground sero loca-
tion, time of detonation, ambient atmospheric conditions at detomation,
e.c., for the 14 shots; (2) discussion of all project results, a summary
of each project including objectives and results, and a complete listing
cf all reports ocvering the Mlitary Effects Tasts Program.
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Chapter |
INTRODUCTION

1.1 GBJECTIVES

Tre primary objectives of Project 3.6 of Operation TEAPOT were to
determine the degree of protectior that earth cover offers to above-
ground structures and, particularly, to test the adequacy of an adapta-
tion of a corrugated steel-arch ammunition magazine, similar tc UPSHOT-
KHOTHOLE Building 3.15, as & percsonnel shelter. Bota the tlast resist-
ance and the radiation resistance of such structures were objectives of
the test. Because the structure tested on Operation UPSHOT-KNOTHOLE
sustained no significant damrge, it was an objective of the TRAPOT test
to produce at least incipient collapse so that the capabilities of this
design would bc bracketed. The long-range objectives were to extend the
knowledge of the beunefits of earth cover in protecting aboveground
structures and to obtain further insight into the mechanism of these
benefits, toward the optimum design of aboveground shelters.

A furtpLar supplementary cbjective wes to compare the performance of
models with cvhat of full-scale structures in order to permit more econom-
ical design of i1uture tests.

1.2 BACKGROUND

Aboveground earth-covered structures were tested by the Navy on
Operaticns GREENHOUSE aprd UFSHOT-KNOTHOLE. The nevw structure tested cn
Operation TEAPOY was similar o one of the two UPSFOT-XNOTHOLE structures
(Project 3.15) which successfully withstood peak blast pressures of 11
psi side-cn (Reference 1).

The TEAPOT tes! vas designed on the basis that the weakest element
in the final design of a shelter of this type is expected to be in the
central section of the arch, where support from the end walls will te
negligible. Since the building iz weakest against forces transverse to
its longitudinal axis, the building was so oriented that the side of the
building faced ground zero. The test was decigned with the philosocphy
that the central section of the arch was the primary element to be tested;
the remaining elements, particularly the end walls, the tunnel entrance,
and the door, were reinforced with the intent that their performance
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would not interfere with the interpretation of the results of this test
on the central span of the arch.

Analysis shows that a structure of this type (an arch) 1s very sen-
sitive to the difference in load applied to the two sides of the builde
ing. Estimates of the aerodynamic situation led to the conclusior that
increesing the dynemic pressure, from a value roughly estimated to have
been 5 psi on UPSHCT-KNOTHOLE to a predicted value between 50 and 90
psi on TEAPCT, might increase this dissymmetry in loading to an even
greater exteant. Considering these factors and the results of the UPSBOT-
KNOTHOLE test, a diflerent shape of earth cover appeared to offer some
advanteges. GCo the anev building, thersfore, a different shape was used.
The earth berm was widened and fiattened to reduce the differential air-
blast force against the two sides of the building and to strengthen the
bullding beycnd the strength of tke one on JPSHOT-KNOTHOLE (U-K).

Building U-K 3.15 was located at a diztance from TEAPOT Shot 12
where bcth the radiation and the blast load were expected tc be in the
range of interest, even though not as high as at the location of the
main structure, Building 3.5. It was decided, therefore, to icstrument
Building U-X 3.15 within the limits of modest cost. To this and, the
scratch gages used on UPSHOT-XNOTHQLE were rehabilitated and twn sets
c? radiaticn-dosuge measuriag instruments were placed in Building U-K
3.15. :

Models were added to tuls experiment with the primary cbjective of
determining, if possible, the ralationship between mwodel and prototynwe
performance. If this could be accomplished, considerable cost saviags
could be made in future tests. Six quarter-scale models were desigred,
three of steel and three of aluminum. The steel ones vere designed
with the intert that they should have the seme ultimate streagth as the
prototype. That is, they should feil at the same velue of peak pressure,
both side-on and dynamic, and incidentally, their absoclute deflection
should be cne guarter that of the protctype. The alumivum models were
designed %o have scaled deflections at yield. That is, the yield deflec-
tiocn of tne model should be one-fourth the yield deflection ~f the proto-
type; and the air pressure lced against the earth berm ceusing such
deflection in the mcdel should be cne-fourth the alr pressure causing
such deflection in the prototype. (Coincidentally, the aluminur models
would have scaled stresses under a scaled load.)

The models were located on the follcwing basis {see Tedle 2.2). It
was intended that the nearest of the steel models and the nearest of the
aluminum mcdels should sustain significant damage even if the actual
blast pressure was the minimum felt to be ressonably probable. At the
same time, the most distant steel and sluminum models were placed sc
that, even if the blast was the maximim felt to be probable, these models
would be expected not to coilapse. Finally, it was desirsble to compare
steel and alumivum models; hencz the _ost distant steel model was placed
at the same radius as the nearest aluminum model.

To assist in the planning of the field experiment, the Ballietic
Research lLaboratories (BRL) were asked to make a shock-tube study of a
emall model of the earth-covered structure. It was vrecognized that it
would probably be impossible to simulate accurately in the shock tube the
conditions expscted in the field, particulsriy in regard to the high
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value of dynanic pressure expected. In compliance with this request
BRL made a shock-tube study involving measurements at nine gage posi-
tions for shock overpressures of 10, 20, 30. and 35 psi. The shock-
tube reeults were self-consistent and satisfactory in every way except
that, as mentioned above, it was not possible to attain sufficiently
high values of overpressure. The results of these shock-tube messure-
dents are discussed further in Section 5.k4.

13
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Chapter 2
STRUCTURES AND INSTRUMENTATION

2,1 BUILDING 3.6

The main structure (Building 3.€) was a 25-by-48-foot steel-arch
arsunition shelter manufactured by ARMCO Drainage and Metal Products,
Inc. This structure is soown in Figure 2.1. The barrel of the struc-
ture was an 8-gage multipiate steel arch composed of curved, corrugated,
punched sheets bclted together to form a semicircular arched roof. The
corrugaticas were a rominal 1-3/4 inches by 6 inches. The edges of the
arch bore on and were bolted to longitudinal base channels, which were
in turn lag-bolted to 2-by-6-inch timbers cast into the concrete foun-
dation. The plates were lapped 4-7/8 inches along the longitudinal
joints and were lappcd one corrugation at the circumferential joints.

The plates were of twvo different lengths ia order to produce staggered
longitudinal seams. Tke structure used for this test was taken out of
Navy stock and modified by the additiom of a T-gage multiplate front-end
wall duplicating the rear-end wall except that short-length plates were
used.

The foundation was a l-foot wide by 2-foot deep wall footing of re-
inforced concrete. The total weight of steel, excluding the entrance
tunpel, was about 22,000 pounds.

A straight tunnel extending axially from one end of the building
afforded entrance to the structure. This tunnel was an ARMCO multiplate
pipe, 84 inches in diameter. A blast-resistant door with appropriate
framing was placed in this tunnel about 3 feet from the end of the
structure itself.

Figure 2.2 is & photograph of the huilding after placement of the
earth cover. The earth berm had a trapezoidal crose section and extended
axially beyond ooth ends of the building, as shown in Figure 2.3. The
total volume of earth moved was approximately 2LOC cubic yards. The £ill
material was taken from a point several miles from the buildirg where
the natural earth was gravel and sand mixed with the silt of the dry lake
bed. The earth fill was carefully tamped to a height of 8 feet, using a
sheepsfoot roller supplemeuted by haend tamping close to the building.

The sheepsfoot roller was rot permitted tc upproach within e Ioot outside
a vertical plane through the springiine. The earth cover above a height
of 8 feet was not temped. .

1
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Figure 2.2 Building 3.6 with earth cover.
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The rear-end wall of the building was reinforced by diagonal ten-
sion bracing as indicated in the photograph and sketch of Figures 2.4
and 2.5. It is to be noted that the dead man on the outside of the
building could safely be placed flush with original ground level be-
cause it had at the time of the blast both the load of some 15 feet of
earth cover on it and some additional air pressure loading. As noted
in Section 1.2, this reinforcement of the end wall was intended sinmply
to strengthen the end wall for this specific test so that its perform-
ance would not interfere w.th the evaluation of the strength of the
arch in the center plane where it is not appreciebly supported by the
end walls. The design of the bracing did not include consideration of
the possible stresses if the bullding had been oriented end-on to
ground zero,

Similar diagonal bracing of the front-end wall is Just visible in
Figure 2.1. In the case of the front-end wall, the tunnel entrance
rerresented a considerable strengthening; hence two diagonal steel ties
on each side of the tunnel were judged to be sufficient. Actually, the
front-end wall bracirg may represent greater importance ir real shelters
since any shelter should have multiple exits.

A blast resistant door and bulkhead was desigred especially for this
test as indicated in Figures 2.6 and 2.7. The intent in the design of
these elements was, as in the design of the end-wall bracing, simply to
strengthen these elements sc that their performance would not interfere
with tke evaluation of the building as & whole. The design criterion,
chosen arbitrarily before the test, was 40 psi static pressure. No
measurement of the static pressure in close proximity to the door or,
in fact, anywhere ir the tunnel, was made dbut it is believed to be a
satisfactory presumption that the peak pressure at the door was essen-
tially the same as the peak side-on pressure in the open. This, as
shown in Figure k.l, was approximately 30 psi.

The use of wood in the door to withstand such short time loads is
attractive because the strength of wood increases as the time of loed-
ing decreases. Wood, of course, is unattractive ss a material for
blast resistant structures because its failure is of a vrittle type.

Placement of the hinge at the bottom of the dcor was a matter of
convenience for thie test and is not re~ocmmended as 8 geueral design
for blast resistant structures where it may be necessary to close the
door quickly.

2.2 BUILDING U-K 3.15

In addition to the building just desciibed, the structure construc-
ted for UPSHOT-KNCTHOLE Project 3.15 was also tested on TEAPOT Shot 12.
This building was similar to Building 3.6 in that it was also a 25-by-
L8-foot steel arch manufactured by ARMCO Drainage and Metal Products,
inc., but it differed from Buildirg 3.6 in the following respects:

1. The barrel was of a lighter gage (10-gage multiplate) and had
a deeper (2-by-6-inch) corrugation.

2. The attachment of the arch barrel to th¢ foundation was by
means of J-bolts cast into the foundation.
, 3. The shape of the earth cover was different in that the horizon-
tal top of the earth cover was tangent to the arch barrel at the crown.

17
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TABLE 2.1 STRUCTURAL PROPERTIES OF BUILDING 3.6 AND MODELS

| prototyps |~ steel Moders

Almﬁu- Modsls

" Kctual| Desired| Kctual | Desired
Property | Megnitude | Magnitude | Ratio | Ratio | Magnitude | Ratio | Ratio
Arch(a:;nntor 25 6.25 1/ ! /b 6.25 1/4 1/4
i |
E (pe1) 30 x 10 | 30 x 206 'SR 1 x18 | 1/2.78] 1/8
(1o Yee)e | 0.2 | 0.0210 Wk | 1/6k | 0.0072 15k | 1/6h
I/c(1n 3/te)*! 0.958 0.0801 1/12 | 1/16 | 0.c656 1/15 | 1/16
Section 2.8 0.639 1/3.7 , 1/b 0.523 /6.5 | 1/k
AruQQA) :
(1n /tt)* ;
|
Yield 32.9 35.1 1,07 11 [ 11.85 1/2.8 | 1/h
Stre 58\"
(kipa/1n%,
|
Ultimste 45.5 43.5 0.955 | 1 . 16.7 1/2.7 | 1/w
Btnr\7th ! | :
(kips/1a2) | i
P 159 4 138 5.9 x 0
é 3.62 x 157} 1.59 4 10 b 6k | 5.29 x 167 146 256
J
Size Rat1o™ 3.62 x 168 C.621 x 168 1/5.5  1/k | 2,07 x 158‘ 0.57 I3
"—‘_—'—'m !
; |
A Sye 78.4 2.4 /3.5 |14 | 6y 1hs |16
1 Sysees 31.5 2.82 /1. | 1/16 1 0.719 [1/80 | 1/64
c l i
SR R SO . R J S— 1

* Per foot of barrel 1::gth

- Deflection (Eclav yield) for a given psi loading varies approximstely ss
(S1ze Ratic)'/IE

“#t  Dirsct load capacity at failure ml.onxu A %y
tae+ Bending capacity at fallure varies as g 8y

In addition, the earth cover for Building U-K 3.15 vas the silt peculisr
to the dry lake at Frenchman Flat and the thickness of the earth ccver
at the sides of the arca barrel vas somevhat less,

L, The end walls were not reinforced.

2.3 MODELS

In additiocn to the two full-scale structures, sir models were used.
All of these were scaled to approximately ome-quarter the size of
Building 2.6 and were constructed of sheet metal corrugsted to a nominal
2.5 by 0.5 inches. Three vere steel and three were aiuzinum. The pro-
perties of the models ccupared tu those of the prototype are showvn in
Table 2.1.

These models vere covered vith an earth berm aimilar to that used
on Building 3.6 except that no compaction vas sttempted. Figure 2.8 s
a photograph of one of these models without earth cover, and Figure 2.9
is a picture of one of the models during placcment of the earth cover.
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2.4 INSTSUMENTATION

Zane racius from TEAPOT Shot 12 ground zerc to each unit 1s shown
in Tebl- 2.2.

Fcur deflection gages were used to determine the shape and movement
of the center sectioa o %h2 barrel arch of Building 3.6. These gages
measurad the chauge iz length of four chords in the central plane of
the bullding. These four chords are those indicated in Figure 4.8. fThe
gages themselves were BRL uzits. Tbe remote recording wae accomplished
by Stanford Besearch Iastitute (SRI), using s 3000-cps carrier voltage,
Wigocko demodulators, and Miller oscillographs. An SR~k resistance-
vire strain gage was placad to meesure total compresaive strain at the

TABLE 2.2 LOCATIONS (F BUILDINGS AND MODELS

Radius from

Unit Material 32 {1t}
pullding 3.6 : Stesl ; 1,509
Model Nc. 1 ! Stazl i 1,400
wodal Xo. 2 : Steo) i 1,500
Wodsl Mo, 3 . 3teei i 2,000
Modei Ko. & Alusicim i 2,000
Model Ko, § ; Adumt s ; 2,500
Mode: No. 6 : Alusd aue ; 3,000
Building U-¥ 3.15 | Stael i 2,300

- F ISR

crovn. This strain was remotely recorded.

Nipe self-recording BRL air-pressure gages were placed on the earth
berm; three were placed on the windward slope, three on top, and three
on the leeward slope. In additicn, two remote-recording airblast gages
were placed on the earth berm; one on the windward face and one on the
leeward face.

4 reinforcing steel rod, 42 inches long, was welded in = vertical
position at the crcwn of the crch, 6 inches frow each end wall, These
rods served as reference pcints in determinirg any changes in the
+hickress ¢f the earth cuver.

Seven scratch gages were placed around “the inside of the arch ac a
hackup to the dynamic deflection gagee. These ere shown in Figure 2.10.

In eddition to this instrumentation of Buiiding 3.6, three further
sete of informstion were obtained: (1) two scratch gage records were
made of Building U-K 3.15; (2) each of the models was irstrumented to
cbtain rtoth permanent and maximum deflection of the crown in the center
plane of the arch; and !3) radiation messurements were made both in
Builéing 3.6 and in Building U-K 3.15.

The total doe. of radiation at two locatiocs inside each of these
buildings was measured using instruments provided by the Army Chemical
Corps, Project 2.7.1l. The two locations in each building were at points
T teet from the end wall to which the entrance tunnel was attached; one
location wes 7 feet from the windward wall, the other T feet from the
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8 Model without earth cover.

Figure 2
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9 Model partially covered.

Figure 2
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Figure 2.20 Scratch gages, Building 3.6.

leeverd wall. The instruments were 20 inches ana 38 inches above
groupd level.

A%t each location tbree typee of detectors were placed. A gold-foil
detector measured the total dose of thermal neutrons having energles
less than O.h ev. A sulfur detector measured the total dose of fast
neutrons apove 3 3-Mev threshcld. Finally, a group of National Bureau
of Standards film badges and chenical dosimeters were used {0 measure
the gamms-ray dose. Some of these were shielded by lithium to reduce
the undesired influence of peutrons,
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Chapter 3
FIELD OPERATIONS

3.1 BULILDING 3.6

The erection of Building 3.6, complete with tunnel and blast-
resistant dcor, was accouplished during February 1955. The earth fill
vas completed on 2 Mar<ch 1955. The manufacturer's standard specifica~
tion for ccastruction was followed, in general, in placing the earth
cover. The £ill was piaced in layers not over 6 inches thick and wes
campacted by a sheepsfoot roller to a height of 8 feet. The placement
of the ecxrth fill and movement of the compacting equipment were care-
fully regulated to zaiptsin the circular shape of the barrel arch within
close limits. The deflectlion history ¢f the building during backfilling
is shown in Table 3.1 (Reference 2). To measure the building deflection,
nine ;ages were placed, turee in each of three parallel vertical planes
perpendicular to the longitudipal center 1i: > of the building at the
center and quarter points ¢f the structure. The geges in each of ihe
three planes were arranged to measure radial deflection ia planes hav-
ing elevations or 459, 90, and 135° measured from 0Y at the wina.ard
springline.

The earth fill above the structure was dampened by a sprinkier Jur-
ing placement and was wet down several times after its placement and
prior to the shot to settle the surface level further. The results of
the soll tests are reported in Table 3.2 which is quoted verbatim from
Reference 2.

3.2 MODELS

The six models were constructed and placed in the field in February
1955 during the interval when the main building was being covered. The
earth cover on the models was not compacted, but it was dampened by a

sprinkler during its placement and, after placement, was wet down
several times.

3.3 BUILDING U-X 3.15
In preparation for IFAPOT Shot 12, Buiiding 3.15 of UPSHCT-KNOTHOLE
25
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TABLE 3.1 TEFLECTION OF BUILDING 3.6 CAUSED BY EARTY FILL

“Flus® iodicaiss outvard dsflecti-a uf the buildiag ao1 “mious” indicates iowvard deflectico.
“Windvard” refers to the side tcvard ground rero and “leeward” refers to iLe side avay from groudd zerv.

Static strains vere recorded for sixiler sbelters studiad fur UPSSOT-INIOTHOLE (Referesce }). Tbe crewn
deflecticn ncted 1o Table 3.1 lies detween that coserved oo two buildinge reported in Refsrence 3.
Correcting for gage apnd dapth of corrgatios maximum stati. stress in Building 3.6 under earth covar
vas estimated %0 lie bdetwees 1,200 psi and ., 50 pel.

Deflection (incbes)

Fill 8 teet F1ii 1 foot Completed Fill 2k bours after

location Bo. Bo Fil11 edove Springline above crown 3 feet abuve Crowa  Completion of M1}

Transverss “ane turougs Quarter Foint nwarest Tucnel End

Vindward 1 0 5.6k 0.8 | 0.0 .58
Crovm 2 [ v1.28 *1.08 ; «0.78 ) .54
Leevard 3 0 .86 -0.% { -0.76 -0.54
Transverse Plane through Center Polnt
Vindvere 0 -2 -6 | -0.96 ‘ -1.06
Crown 5 c +2.18 .92 . +1.66 : ’1.68
Leevard [ 0 -1.36 1.28 . -1.32 . -1.36
Transverse Plape thrcugh Quarter Point neirest Closed End
Windvard 7 o -0.9% .88 -3.76 -0.80
Crown 8 o] . o1.48 +1.18 +1.00 +1.06
Leevard 3 o 0.3 -0.8: -0.96 , -0.96

TABLE 3.2 S0Il AMALYSIS

Semples wera takez of the earth fill material a8 it w=s being placed.
Tta sexzles vere takes by members cof the staff of the U. S. Nawal Civil
Ecgineering Resesrch and Evaluatior. Laboratory, Fort Buepcms, Calif., and
the saaples vere returned to that laborstory for acalyels.

Browe sacd, vell-graded frum very fine to very
So1l Tlessificatior ' coarce, raciom stones to S-inches disaeter

Cum:lative
Sieve Analysis Sieve 5ize Percen? Retuloed
3/8 tmen 5.0
$ n.7
£10 21.2
#2c 33.2
40 k.9
#60 58.4
#1460 8.1
#200 9l.2
Specific Gravity 2 6%
Ccmpaction Test Modified AASHO - %O-povnd bamesr, 18-inck arop.
5 layers, 1/30 ft3 cylinder
Maximum 4ry density 124 lb/rt3
Optimua moisture coitent ;11 percapt
Trisxial Shear Test Percent compecztion 86 percent
ot Drv Ssaple
Angle of ioternal frictimm 39.5°
Cohestc. " 2,0 1b/rt?
Fleld Deceity Tests Aversge dry deaeity of 110 16/1¢3
compacted backfill from (88.8 perceat of maximum)
footinge to height Jf 8 feet
Average dry density of 108 1v/re3
uncompacted backfill above (87 percent of zsximum)
height of 5 fest
Average moisture contezt " 7 percen*
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vas modified ard instrument~d as follows: the cross tunnel wus removed
(for use as the entrance tunnsl on Building 3.6); the holes in the arch
rcof were patched by welding; the two =cratch gages used in the build-
ing during Operation UPSHOT-KYOTHOLE were reinstalled; and radiation
detection equipment was installed.

Incontrovertible evidence was found that & cat had scrambled on the
hot tin roof of this building. Tracks wer2 apparent in tbe thin layer
of soil close to the crown and clear scratches were found in tke gal-
venizing of the steel itself. Extensive questioning of witnesses
established that the cat was a D8, weighing 40,000 pounds, which had
veen driven onto the building during the removal of the cross tunnel.
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Checpter 4
RESULTS

k.1 SUMMARY

The dynamic pressures produced by Shot 12 at the close-in ranges of
most interest to Project 3.6 were considerably larger than had been
predicted. The main structure of Proj2ct 3.6 was collapsed by these
forces, but there is support for the velief that it would have withstood
the predicted values successfully.

Radiation measurements inside Euilding 3.6 indicated a total gamma
dose somewhat above the lethal dose and a neutron dose less than the
lethal value.

The performance of the models was in accord with predictions. Of
tre three sieel models wbich were intended to collapse at the same
values of applied external pressure as Building 3.6, the two at 1,400
feet and 1,500 feet, which received pressures similar to or larger than
those applied to Building 3.6, collapsed. The one at 2,000 feet, which
received roughly one-third the pressure applied to Building 3.6, re-
mained standing. Of the three aluminum models which were rxpected to
fail under pressures roughly one-quarter of those which would produce
failure in the main building, the one at 2,000 feet, where the pressure
was on this basis roughly twice that expected tc¢ produce failure, did
fail. Those at 2,500 feet and 3,000 feet, where the maximum pressures
were less than one-quarter those applied to Building 3.6, remained
standing.

Building U-K 3.15 withstood forces of 15 percent of those applied
to Building 3.6, with trivial deflections.

Comparison of the radiation measurements in Building U-K 3.15 with
those in Building 3.6 demonstrated the value of the 3 feet of earth
cover above the crcwn of such a structure.

4,2 BLAST EFFECTS

Results of operations previous to TEAPOT suggested that some impor-
tant anomalies in the blast effects from Shot 12 of QOperation TEAPOT
wvere to be expected. Measurements made on TEAPOT Sho%t 12, reported in
detail in References 4 and 5, showed that over a desert surface the
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dynamic pressure q is, at the distances of interest, considerably larger
than the ideal value, while the value of the overpressure p is signifi-
cantly less than its ideal value. The ideal value is defined briefly

as the value which would occur with no thermal effects over a perfect
reflecting surface with no dust. Actually the peak value of tke dynamic
pressure at 1,500 fcet was higher than the upper limit of its expected
value including the maximum uncertainty judged to exist in the prediction.

Figure 4.1 preserts the measurements of the blast effects from
Shot 12 ir the open on the desert line at 1,500 feet. The peak dynamic
pressure of 160 psi shown on Figure 4.1 at a 10-foot height is equiva-
lent to a wind velocity of about 3,000 mph in clear air at sea level.

It will be noted from this figure that: (1) the dynamic pressure was
much lurger than the side-on overpressure; (2) all the pressure curves
show two major peaks separated by the order of 100 or 200 msec; and (3)
there is a sign.ficant difference between measurements taken at a 3-foot
height and those at a 10-foot height. In addition, it should be remarked
that the curves shown on this figure have been considerably smoothed in
the data-processing procedure. The original gage records, as reproduced
in Reference 4, show numerous short-time variations having periods rang-
ing between 2 ani 10 msec. Both these short-time variations end the
apparently unrelated differences in the q measurements at 3 feet and 10
feet may well have been the result of severe turbulence.

It should be noted that the data on blast effects in the cpen which
have been used for this report have been taken from the results of
Project 1.10. As indicated in the report of that project (Reference %),
there is a significant uncertainty in the precision of the q values re-
ported, particularly in the regions of high pressures, such as existed
at 1,500 feet. The sensitivity of the q gages (in this case, pitol-

t bes) to dust is not well established. In addition, the correctiomns to
tue gage readings for high Mach numbers and large pitch augles are not
well established and become, in some of the peak velues of interest in
this report, as large as 30 percent or more.

4.2.1 Building 3.6. Wben the air blast from Shot 12, (whose effects
in the open are shown in Figure L.l) passed over the earta berm covering
Building 3.6, it produced pressures on the sides and top of the earth
berm as shown in Figure 4.2. The gage positions of the records shown
there were numbered in sequence from 1 at the windward toe tc¢ 9 at the
leeward toe; thus Positioms 1, 2, and 3 were on the windward slope,
Positions 4, 5, and 6 (of which records from 4 and 5 were lost) were on
the horizontal top, and Positions 7, 8, and 9 on the leeward slope (gage
8 was also lost).

At al! nine positions, BRL self-recording gages were placed. In
addition, at Positions 3 and 7, SRI remote-recording gages were placed.
In the processing of tne records, the BRL record time scales were ex-
panded or ccotracted as necessary in order to develop tae best fit of
the records at Positions 3 and 7 with the SRI records &t those stations.
No adjustment of the pressure scale was made. In adjusting the time
scale « the BRL records the following procedure was used:

1. On records for Positionc 3 and 7, the arrival time of the first
rise on the BRL record was placed identically with tke corresponding
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arrival time shown on the fRI record.
2. The arrivel of the bump at approximately O.7 seccnd on each of
these BRL records was adjusted to coincide with its arrival oun the
corresponding SRI record.
3+ The two SRI-determined values of f rst arrival and bu.p arrival
times were plotted vs. horizontal distance, and a linear extrapolation
was then used to obtain first and second arrival times for the remain-
ing BRL gages.
As has been noted, for t+o of the three gages on the top of the
earth berm, and for one of those on the leeward side, no record was re-
covered; also, the uppermost gage on the windward slcpe (at Position 3)
was thrown approximately 4Q feet (presumably during the interval of
severe wind velocities). It is clear that extensive motion of the earth
berm occurred in the interval of 300 msec after blast arrival and it is
thus entirely possible that any of the pressure gages may have tilted
and therefore may not have recorded the true pressure normal to the
surface throughout the whole time of interest. While the gages at
Position 3 are most suspect in this regard, no serious anomalies appear
ia their records.
Among the elements of interest on Figure 4.2 are the following: (1)
the pressure on the windward slope reached maximum values of the order
of 70 psi (10,000 1b/ft2) and was meintained in the range of 40 psi. or
above for approximately 1/4 second; (2) the pressures on the leeward
slope were, in comparison, altogether trivial; and (3) the arrival times
of the peak pressures on the slopes bear very little relation to the vees,
arrivel times on the blast line of either the peak overpressure or the “'“:
peak dynamic pressure. R
The movement of the earth berm under the influence of these forces =
is shown by the comparison of Figures 4.3 and U4.4; the movement of the Lo
building is shown in Figures 4.5 and 4.6, and also by the deflection e
gage records in Figure 4.7. From these deflection curves, the building CE
profile at various times after the hlast wave arrived was computed and A
is presented in Figure 4.8. With the arrangement of deflection gages e
shown in Figure 4.7, a precise locaticn of the crown at each instant is Teotes
determined by gages LDV and 4DY. In making use of the records from the R
other two wire deflection gages {4DW and 4DX) it has besn assumed that S
the length of the steel arch measured along the arc itself remains con- .
stant. In cther words, it has been assumed that the steel did not Saead
stretch or shrink and that no slippage occurred at the bolted joints. el
Since oa Operation UPSHOT-KNOTHOLE & similar buildéing (U-K 3.15) under
considerably smaller loading was found to have reduced its circumference
by approximately 1 inch, it is quite likely that this presumption of no
change of length in the arch is not altogether valid. Lowever, the
actual slippage of the joints can hardly have exceeded 1 inch, and
shortening of the arch in this amount would not change the general charac-
ter of the deflection performance of the tuilding.
In performing the analysis leading to the profiles shown in Figure
4.8, several alternative shapes of profile vere considered. In choosing
between them, av analysis was made of the pressure required to produce
the assumed mcvement of the building at the pcint of maximum displece-
ment, together with the same movement of & rectangular section of the
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Figure bL.U

Earth berm, Building 3.6, after shot.
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Figure 4.7

Interio: of Building 3.6, after shot.
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earth bterm extending from the building to the surfece. Since the earth
cover was approximately 10 feet thick st this point and weighed 108
lbs/ft7, it can »e shown that to procduce an acceleraticn of 2 t/sec2
a pressure of 0.2325 7 psi would de required.

This situation can b~ thought of as assuming that no resistance to
ecceleratica is offered by the building or by shearing of the earth
cover. In the first instant after the dlast wave arrives this assump-
tion is valid. Alternatively, one can thirk of this situation as stat-
ing simply that tbe net driving fovce, namely the external pressure less
the resistance of the structure and the earth cover, converted to pounds
per square inch, is the driving force and is related to the acceleration
by the factor C.2325.

Figure 4.9 shows the results of the analysis of Figure 4.8 by the
following procedurs. First, on Figure 4.8 a line was drawn comnecting
the points of maximum movement of the arch. Along this line the dis-
placemente as a function of time were measured. The velocity during
each time interval was then computed from these figures and has been
plotted on Figure 4.9, A rough differentiation of ‘ 1is curve was per-
formed to determine the curve of acceleration-versus-time shown there.
This ipdicates that the maximum acceleration was approximately 330
ft/sece, which corresponds to a maximum pressure of 77 psi. The measured
pressures &s shown in Figure 4.2 are approximately 70 psi. For times
greater than 0.2 second; this figure indicates a roughly constant
acceleration of about 82 ft/seca, which corresponds to a net pressure cf
16,2 psi (or if grevity is assumed to be effective by the time the build-
ing has deflected to so great an extent, ther only 11.6 psi are required
to produce this acceleration).

The significence of the analysis indicated in Figure 4.9 is simply
to confirm the reasonable nature of the assumptions required in the
development of Figure 4.8 from the measured displacements shown in
Figure 4.7. Actually Figure 4.8 was drawn in the form shown here be-
cause this analysis perfcrmed cn the alternative forms for Figure 4.8
did not show the same good comparison with the actual pressures applied.

The seven scratch gages whiclk were placed in the central plane of
the arch were intended to serve as backup instrumentation in case of
failure of the primary instruments. Since the primary instrunentation,
specifically the wire deflection gages, operated with completely satis-
factory results, the scratch geges were not neacessary. In addition,
however, during the course of the failure of the building, the platform
on wkich the scratch jages were based was destroyed. As a result the
interpretation of the scratch-gage records is quite complicated as well
as being somewhat unnecessary. It therefore seemed more approvriate to
make use of the scratch gage records as confirmation of the results
described in Figure 4.8, rather than as any part of the primary data.
With this point of view it mind, Figures 4.10 ard 4.11 were prepared, in
which the dashed lines represent the movement of the appropriate element
of the arch as taken from Figure 4.8. This is to be compared with the
solid line in eacn case, which is the actual lire scribed by the ~cratch
gage. In Figures 4.10 and 4.11, at the start, of the record for each
gage a sclid gulde line representing tie targent to the bLullding at that
point has been drawn. In acdition, to assist the reader further, an
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Figure 4.9 Approximate response cf the windward hsunch, Building 3.6,

arrow has been drawn along the radius of tke arch polnting toward 1its
center.

Since, as indicatec in Figure L.8, the platform cn which the scratch
gages were placed began to be seriously distorted at approximately 0.15
second after the blast wave arrived, on the scratch gage records in
Figures 4.10 and %.11 the correclation between the gage record itself
and the dashed line taken from Figurz 4.8 should be expected to depart
more and more after 0.15 second. It will be noted that, in general,
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Figures 4.10 and 4.11 indicated quite good correlation between the
scratch gage records and the building movements specified in Figure 4.8,

4,2.,2 Building U-K 3.15. The arch building similer to Building 3.6
whizh was tested as part of Project 3.15 on UPSHOT-KNOTHOLE was re-
tested on Shot 12 f Operation TEAFOT. This building, iocated 2,300
feet from ground zero, was subjected to & maximum overpressure of 1l
psi and a maximum dynamic pressure of 30 psi. The waveforms at this
location were intermediate be.ween those shown on Figure 4.l3 and those
shown on Figure 4,14, (For more complete information, see Reference 4.,
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The only physical instrumentation in this structure was two scratch

gages which had originally been used during the UPSHOT-KNOTHOLE operaticn
and which were reactivated for Cperation TEAP(CT. These gage records,
reproduced in Figure 4.12, shov that the motion of the huilding was less
than 2 inches and was, in fact, somewhat smaller than its motion on
either Shot 9 or Shot 10 of Operation UPSHOT-KNOTHCLE.

4.2.3 Models. The three quarter-scale steel mdels of Building 3.6
wvere intended to sustain stresses identical to those of the prototype
when the psi loading on the outs.de of the earth berm was identical to
that of the prototype. Two of tkhese models were subjected to greater
dynam!c pressures than the prototype and toth failed. (The model at
the same ground range as the prototype was deluged with water from the
burst POL tenk mentioned below, and hence was subjected to greater
forcer than wes the prototype.) The third one was placed at 2,000 feet
where the peak dynamic pressure was approximately one-third that on the

TABLE k.1 PERFORMANCE QF MODELS

i ! Movement of the Crown
Max.* Max,* | {1n.) _
Ground | Dynamic Sice-on | ] T Maximum
Modal Range : Pressure (gq) | Pressure (p) | Permaneant | Excursion
No. | Matertal | (£t) (psi) (psi) }p¢0.25q Movement ' Up** T Down**
- —_————
1 | Steel [1k00 200 25 85 | Collapsed | |
2 | Steel | 1500 180 30 75 Collapaad | i
3 | Steel { 2000 | 64 1 19 35 5.4 | k1/8 1 4-3/16
. { i | ¢ |
L | Aluminum; 2000 N i 19 35 | Collapsed
5 | Aluminum | 2500 1i 9 13 1.2 2-1/16| 15/16
6 | Alumtnum| 3000 | 2 % 8 9 0.6 |s/8 |9/16
. Lo ] — —

* Blastlipe pressures at 3-foot height
# At 459, up and away from GZ
*#x At 45°, down and away from GZ

prototype; this model was not collapsed although it did sustaln rather
extensive crown deflection. There was no blastline station at 1,400
feet; by interpolation between measurements at 1,2.0 feet and 1,500 feet,
the peak dynamic pressure at a 3-foot height at 1,400 feet was 200 psi.
At 1,500 feet the peak dynamic pressure at a 3-foot height was 180 psi
{Figure 4%.1). At 2,000 feet it was 6k psi.

The three quarter-scale aluninum models were designed to have
detlections scaled to those of the prototype if the models were subjec.ed
to external pressures ome-quarter those of the prototype. °f these
three models, the one at 2,000 feet was subjected to a peak dynamic
pressure approximately 35 percent that of the prototype (P2 ure 4.13);
this model collapsed as shown ia Figure L.19. The other two were at
2,500 feet and 3,000 feet, where the peak dynamic pressure was roughly
8 percent and & percent of the dynamic pressure applied to the proto-
type. Figures L.14 and 4.15 show the pressures on the blast lins at
these distances. The performance of the models is summarized Iln Table
L.l and Figure 4.16.
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Each model was instrumented to permit determinaticn of the maximum
and permenent deflections of the crown along chords connecting the
crown to the windward and leeward toes. Thus, in Figure 4.).6, the
meaximun excursion of the crown is indicated by a curvilinear ractangle,
and the dot within the rectangle represents the final locaticn of the
crown. The steel model at 1,400 feet was completely flattened and was
scarcely recognizable after the shot. No photograph of it was taken.
Figures 4.17 and 4.18 show the remainder of the model at 1,50C feet.

In Figure L4.18, it ig %o be noted that the earth in the very near fore-
ground was cracked frow the drying of the water which poured over the
area (snd over the model) from the destroyed POL tan« which had been
placed somewhat nearer ground zerc and whose final position was as in-
dicated on the right-hand side of the photograph. In the buckground
of this picture is the entrance tc Building 3.6, where it can be noted
that the entrance tuanel was partially crushed on the windward side.

In Figure 4.19 showing the two models at the 2,000-foot distance,
it can be seen that the one in the foreground, the aluminum mocel, was
destroyed; the farther one, the steel model, was still standing. The
pile of earth around these models was considerably flsttened and spread
by the blast. This flatteniag and blowing away of the earth cover is
even more apparent in Figure 4.20, which shows the model at 2,500 feet.
In Figure L4.21, & photograph of the model at 3,000 feet, it is to be
noted that the failwre of the left-uond end of the model was caused by
a Jjeep wheel which came to rest just to the left of the edge of the
pbotographk. The model actually consisted of five corrugated seciions,
of which the jeep wheel completely crushed onme section nesr the end,
Since the instrumentation of the model was in the center secticn of the
corrugated aluminum, the deflectior measurement was intact and the model
is considered to hawve successfully withstood the blast forces themselves.

4.3 RADIATION EFFECTS

On this project neilther thermal radiation nor radiation from fall-
out were of significance, and the radiation of interest consisted of
the initial gamms radiation and the initial neutron radiatien. The
radiation xm.oasurements reported below were all made by Project 2.7 and
the report of that project, Raference 6, ircludes additional details
of the instrumentaticu ard procedures.

Two sets of radiation measuring instruments (film badges and neutron
detectors) were placed inside Bullding 3.6. These two sets were located
about 7 feet inside the entrance end wall; one lccation was 7 feet from
the windward toe of the building, the other 7 feet fium the leeward toe.
The major group of instruments wos at a 20-irch height, but a few
measurcments were made at a 38-inch height. The arrengement was such
that the thickness of rarth cover between the instrurent array aud the
bomb was 15 feet in the cuse of tlc windward group of instruments and
12 feet for the leeward group. Because the building collapsed, only
the leeward group of insiruments was recovered promptly; the windward
grcup was partially recovered some 24 hours later. It is possible that,
as a second effect of the collapse, falloul material entered the build-
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Pigure 4.18 Model 2, 1,50C feet.
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TABLE 4.2 RADIATION FLUX, TEAPOT SEOT 12

Some dosage figurss are averages of several readinga. ror complete
details see Heference 6, Tables 4.1 torough 4.5, The flux values tebu-
iated for fast and thermal neutrons are those determiced by mulfur and
gold detectors respectively. These detsctors leave unmeasured all the
neutrons having energles brtween 3 Mev and O.l ev. It {s estimetad
that the total flux of fast neutrons outside the buildings, including
both the measured and unmeasured rauge of enargies, is of the order of
four times the measured flux of fast neutrcns.

Height o Fast T Thermai
Abcve Gema Neutron | Neutron
locetion Floor Flux Flux ‘ Flux
(1a.) (r) (n/caf) (o/ca?)
Bullding 3.6 -
Inside, windward side | 20 64 avg 8 10
38 700 L,1h x 10 4,51 x 10
Inside, leeward side 2g 700 avg | 3.79 x 108 | 4,70 x 1010
3 87
33 5k0
{ ”
Outside 1,20 1.91 x 1072 | 9.87 x 10
Building U-K 3.15 ,
| 1 .
Inside, vindward side | 20 | over 500 s.11 x 109 | 2.17 x 108
38 over 500 5,41 x 109 | 2.40 a 101
Inside, leevard side | 20 900 1.58 x 1029 3.09 x 1012
38 920 1.76 x 1029 | 3,06 x 102
Outside » 14, 400 b x 108 | 1.4k x 102
ing and that .ue rediation from it increased to some extent the dosage eeses
measured inside the building. .

Similar instrunents were placed in equivalent locations in Building -
U-K 3.15. _.his structure was at a distance of 2,300 feet from ground R
zero and had originally been constructed with an earth berm roughly R
gimilar to that on Building 3.6. However, two modifications had been e
made sipce its first construction. These were: (1) that the cross et
tucnel of the TEE entrance had been removed; and (2) that the upper .. . :
2 feet of earth cover had been removed so that the steel arcb of the .
building itself was uncoverad at the crown of the arch. ..

In addition, it should be noted that this building and its earth enedt
berm had weathered for two years ou Frenchman Flat. The radiation SO,
instrumentation was placed in this building at spots roughly corres-
ponding to the instrument locations in Building 3.6. The configuration
was such that the thickness of earth cover in the slent radius from
the bomb %o the instruments was alsc roughly the same as for Bullding
3.6. The basic data are presented in Table 4.2 and, later, in Figure
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Chapter 5
DISGUSSION

5.1 GENERAL SIGNIFICANCE

The physical results of this test {particularly the pressures meas-
ured on the windward slope compared with the free-field measurements,
together with the fact that the building collapsed) demonstrate that a
structure of this type and shape is, from a blast damage standpoint,
primarily a drag-type or g-sensitive target rather than a p-sensitive
target. Drag forces will be reduced by reducing the height of the eartn
berm until forces become zero for complete burial cf the structure.
Strength agaipnst both drag forces and p forces will be enhanced by in-
creasing the gage of the corrugated steel, increasing the depth of cor-
rugaticn, decreasing the span, stabilization of the scil ured for cover,
and widening the earth berm.

The protection against radiation sfforded by the primary test stiuc-
ture, Building 3.6, was inadequate to assure survival, just as the
building's resistance tc blest was inadequate to assure survival under
the test conditions.

Jt is believed that if this building had been placed 1C percent far-
ther away from ground zeirc, 1t would have been operational after the
test as far as blast 1s coucerned. (The q forces would have been re-
duced some 17 percent.) Hoggver, the radiation at a 10 percent increes-
ed distance would still have been above the lethal dose and, in fact,
the structure would have to be moved to a radius of scme 2100 feet
before the radiation dosage inside would have been reduced to the order
of 200 rem.

5.2 BLAST EFFECTS

5.2.1 building 3.6. The behavior of Building 3.6 was predicted in
some detail before the vlast on the basis of gress assumptions regard-
ing bcth th- blast-induced forces and the response of the building and
earth berm. Since the maximum dynamic pressures exceed the estimated
value by something more than 60 percent, it occasicned nc surprise that
the bullding deflectionz were vastly larger tnsa the estimated values.
The maximum predicted deflecticn of the arch berrel was 1 foot. Figure
.1l shows the predicted buillding shape as well as the actual final
shape deteramined by measurement. Since the predictlon of deflecticns
in the neighborhocd of the yield point is necessarily fraught with con-
siderable uncertainty, the disparity in the actual, very large deflections
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Figure 5.1 Predicted ané actual final profil:s, Building 3.6.

involved in the collapse compared to the relatively modest values pre-
dicted warrants nc apology. .

The deflections of Building 3.6 st various times are shown again in Tl
Figure 5.2. wheie toe pressures cn the earth berm at these same times e
are alsc shown. The pressure wave from the shot arrived at this build- cene
ing approximately 0.2 second after zero time and the times shown in 77
this figure are described in intervals after arrival of tnz blast wave.
Fcr ready reference, the free-field pressures (both dynamic and side-on
overpressure for the same times) are shown on this figure. 1t can he
noted from the figure that, at a time between 0.2 and O.3 second alter i
arrivel of the blast wave, the pressure on the outside of the ear.h PR
berm had been reduced to a figure well within the capabilities of the .
undistorted building. The fact that the builéding continued its move-
ment until it collapsed simply indicates that the ioad impulse prior to
this time was sutficient to produce an ultimate deflection so large that EEPRR
the strength of the steel barrel was inadequate to carry even the static
load of the earth cover. The severe dissymmetry of the load on the two
sides of the earth berm is also clearly brought out in this figure.

One further thing is worthy of noie on Figure 5.2; this is the com-
parison of the profile of the earth berm before and after the shot. In
addition to the depression of the top of the verm on the windward side,
which obviously was a result of the collapse of the windward helf of the
building, it can be seen tnat, on both sides, the toe of the earth berm
widened. This situation is duplicated on the models, s can be reen in
Figures 4.17 through 4.21.

To assist in the preshot predictions it had been assumed that the
prescure on the windward slope of the earth berm would be p + 0.5 q and
that the pressure on the leeward slope would be p - 0.7 q. It was of
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interest to determine corresponding figures from the actua. data after
the shot.

In the attempt to accomplish this it was found at once that the
wvave forms of the pressure recorci, both p and q and those on the earth
berm, were so jegged and so divergent from each other that no point-to-
point method was useful. The pressure readings were therefore averaged
for the 0.2 second following shock arrivai and these aversge values were
then compared. The result is that on the windward slope the average
pressure was p + 0.25 q. The instrumentation on the top of the earth
berm was not satisfactory because two of the three gages were seriously
displaced and their records lost: hence for the tcp of the earth berm
the preshot assumption is as good as can be made, namely that the pres-
sure on the top of the earth berm was equal to p. Or the leeward slope
the records in Figure 4.2 indicete a sharp peak at the initial arrival
and thereafter values always very close to zero. This first peak has
been ignored and the value zero was assumed to be the average for the
actual pressure on the leeward slope. On this basis the pressure cn
the leeward slope was p - 0.1 g. For the purpose of assisting in the
design of earth-covered structures under other circumstances, it is
probably safer simply to assume that the pressure on the leeward slope
will be zero, if g is large (say, above 50 psi).

5.2.2 Bullding U-K 3.15. The presumptions stated in the previous
section vere used to attempt to specify the situation at Building U-K
3.15 during Shots 9 and 10 of Operation UPSHOT-KNOTHOLE. The resuits
are shown in Table 5.1. It is apparent from Teble 5.1 that the dis-
symmetry of loading on this building was triviai om U-K 9, somewhat
more severe on U-K 10, and still mcre severe on TEAPOT 12, but that it
was never of the same ordsr of magnitude as the dissymmetry of loading
on Building 3.6.

The relatively small deflections of Building U-K 3.15 during TEAPOY
Shot 12, as indicated by the scratch gage records in Figure 4.12, are
of particular interest because these deflections are somewhat less thal
those observed on UPSHOT-KNOTHOLE Shots ¢ and 10. In the light of dy-
pamic pressure measuremeuts made on TEAPOT, it has been possible to make
somevhat better est.mates of the dynamic pressures existing on the
UPSHOT-KNOTh"LE series. The peak dyremic pressures atv the location of
Buildiag U-K 3.15 (2,300 feet from ground zero) were: on TEAPOT Shot 12,
20 psi; on UPSHOT-KNOTHOLE Shot 9, U psi; and on UPSHOT-KNOTHOLE Shot 10,
7 psi. Between U-K Shots 9 and 10 the earth cover on the crown . ' this
buillding was removed, so that the earth berm was lover than that of
Building 3.6 on TEAPOT. In addition, the U-K 3.15 earth berm had, of
course, been compacted by the previous shots and had weathered in the
Frenchman Flat environment for some 24 months.

5.2.3 Models. The addition of models to this test program wus based
on the probability that structures of the type under study fail when they
become so distorted by the unbalaaced q forces that they are no longer
able to support the earth load and turcharge. Therefore, in devising
an economical system nr model instrumentation it was decided to make the
primary measurement ‘.r maximum displacement at the crown, hoping for
correlation with either the dynamic displacement gages or the scratch
gage records in Building 3.6. 50
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The models were designed with the intent stated in Section 1.2,
namely that the steel models should fail under the same psi loadiag as
the prototype end should have cne-gquarter the absclute deflection, and
that the aluminum models should fail at one-quarter the psi loading and
should have a failure deflection one-quarter that of the prototype. :
Perfect modeling meterials and shapes are not available however, and
the models were therefore actually constructed with the properties in-
dicated in Table 2.1. For models actually used, the following relative . .

TABLE 5.1 PRESSURE VALUES ON UPSHOT-KNOTHOLE AND TEAPOT

Quantity | uky U-K 10 | TEAPOT 12
S A0 S i
P peak | 1.8 8.1 Con
p avg* |7 -6 .8
q peak | L est. 7 est. | 30
q avg* , 3 est. 5 est. | 15
p avg ~ 0.25 q avg | T.75%* 7.25% 11.75
pavg - 0.1 gavg | 6.Tes 5. G { 6.5

*  Averaged over the 200 msec after arrival.
#+ 1t i3 of interest to compare these estimated values of pressure
P on the front and back facea of ap obstruction witn some of the . «
...... measured values or U-K Shots G end 10. The value 7.75 estimate?
L here for a windward-face pressure can be compared with the velue
"""" S5 p#l as measured on the windward side of the crown of the earth-
""" covered structure U-X 3.13a at Gage Pl, as reported oo Puge 139 . .
of Reference 1. (Note that bcth the rigures in the table alove
and the figures taken from the previous report are values averaged
from the first 200 msec.) The value cof 6.7 in the table above can
be compared to the value of L.5 psi ca Gage P2 on the leeward side
of the esrtii berm of U-XK 3.13a. On Shot 10, Structure :.l7a was
uncovered and additionsal gages ¢n surfaces of the bulldiag were
availatle for measuring air pressure. Compariscns cao be made
with gage records P4 ani P6 on Page 142 of Reference :. In the
tatle above the figure 7.25 psi ie cumpared with 5 psi measured
and the value %.5 estimated in the table above is compared with
L psi measured. Tnese comparisons lead to & modes? confidence
ic the validity of tine empirical eyuation.

.....

deflections should resilt from a particular pei value of loading: proto-
type, 1.00 incn; al minum model, 0.57 inch; and sveel model, 0.17 inch. .
(I1 perfect meterials and shapes had been available, these values wouid
have been 1.00 inch and C.25 inch for the aluminum and steel models
respectively.)

It is of interest to correlate the deflecticr <f the two surviving
aluminun models with that of the one surviving steel mode). The
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computed deflections tebulated below permit comparison of the hypo-
thesis that deflection 1s proportional to q with the hypothesis that
deflection is propertiomal to (p ¢ 0.25 q). It is clear that the model
results are more nearly in agreement with the first hypothesis.

The steel model, No. 3, sustained a deflection of 4.12 inches as a
result of p and q values listed in Table 4.1, In Table 5.2 below, the
computed deflection of aluminum model No. 5 is determined by multiplying
the deflection o Model 3 (4.12 inches) by tne ratio of the loading on
the two models (14 psi/64 psi) and by the ratio of the relative deflec-
tions expected of the two models under identical loadings (0.57 inches/
0.17 inches). The deflection computed for model No. 5 in this manner
is 3.0 inches.

One counclusion which can be drawn rrom the preceding discussion is
that the earth did not act with the metal in resisting displacement of
the crown of the model. That is, at three different locations disriace-
ment varies directly as q and inversely as EI of the metal. (Even if
this be so, the earth is not “worthless"; it greatly modifies the
applied loads and also enables the building to resist large p forces.)
It would be unjustified tc extend this inferred comclusion to the proto-

TABLE 5.2 CALCULATED MODEL DEFLECTIONS
‘ T T T e | peesiones
Model No. 1 Q§ | p+ 0.25q ! Ceflection] Deflections (im.)
| (psi) | (psi) ' (10.) ! (@) (p+0.254q)
e )
- steel | 64 35 | 12 | k.12 | %.12
-alum | 1k 13 21 30 | 52

type, first because the earth on the models was not compacted, and
second, because considerable earth was blcwn off the top of the models.
It might be for example, that the top 6 inches of earth are blown
away, or perhaps transported 6 feet to leeward on either model or proto-
type. This would have little effect on the prctotype but a pronounced
effect on the mcdel. JShould similar experiments be conducted in the
future, it is recommended that the earth over the mcdels be appro-
priately moistened and compacted, and that the surface be stabilized.

If we assume model similitude, the model results may be used to
bracket the cegion of failure for the prototype as shown in Table 5.3.
Unfortunately, the bracketing from survival at €4 psi to failure at
130 psi is too wide to permit any specific conclusions as to the accu-
racy of the model analogy.

when earth-covered models were tested at SRI ia 1954 under unbel-
anced static loads, ell failed before a crown deflection of 1 inch was
repched. (The SRI models were constructed of 0.032 inch aluminum while
oa TEAPOT the aluminum models were 0.040 inch, and the steel models
were 0,050 iach; bwut there is no reasun to believe the configuration
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at fajlure would be significantly different for a steel model, although
the loads would be larger. The test results are reported in Reference
1, Supplemert D.) The steel model at 2,000 feet showed a deflection of
4,12 inches without failure. It may bc definitely stated, therefore,
that this model can :esist & distortion under blast loading which is
more than four times the distortion associated with fallure under a
static load of similar direction. This may well be one of the most use-
ful conclusions which can be drawn fram the model work, for it appears
fully applicable to the prototype, walch, because of its greater period,
should be even less affected by transient loads.

On run No. 10 of the SRI series of static tests, 4.5 psi unbalanced
(1.e., 6.5 psi - 2 psi) was the failure load. If the comclusions stated
above is valid and if deflection is proportional to load, thep this
model should have withstood an impulsive lcad of 4 x 4.5, or 18 pei.

As shown in Section 5.2.%, the unbalanced load can be approximated by

TABLE 5 3 MEASURED MODEL DEF'LECI'IONS

T D g _ - 'T"A" T T
; ! } Equivalent Valuas
‘ i | Measured | Model Retiio for Frotctype
Modei Nc. . q | Dellection Pressure Deflection q Deflection
%(psi);_ (19‘) | {ps1) (ia )
= - S R L IR
i - steel | 2030 I Collapsed 1 1/0.17 20C 1 Collavsed
2 - steel : 18 } Collapsed | 17 1/0.17 180 | Collapsed
3 - steel | &4 i 4,12 1 1/0.17 6l I 24
i ‘ i
L . alum. ‘ 64 | Collapsed | L ! L/o.s7 256 } Collapsed
5 - alum. | 14 | 2.1 S L/0.57 56 15
6 -alum. | 2 | 0.625 Lk 4/0.57 8| L.k
S el i i L S S

(p « 0.25 q) - {p - 0.1 q) = 0.35 g. The aluminum fieid models with-
stood an impulsive load of 1lb psi and failed at an impulsive load of
€4 psi; the equivalent static unbalasnced loads would be 4.5 psi and
22 psi.

Ir future model tests, a further check ~cld be made on the ratio
of static to dynamic capacity by running a static test on a steel model
which did stand 22 psi. In any event, for strictures ot this configur-
ation, estatic tests can be usel to give a rough idea of their probable
blast resistance, using a ratio of dynamic resistance to stavic resist-
ance somewhere in the range betwcen 4 and 6. Such tests should be quite
usefl in determining the range at which future blast experiments
should be set to gain the most useful results.

5.3 FADIATION

Thermal rcliiation is ordinarily & matter of no councern in the design
of sheliers primarily because earth cover is necessary for other reasous
and {t is highly resiscant, in a bulk sense, to damage Dy thermal
radiation.
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A shelter desigher must, in general, be concerned with radiation
from two sowrces. The first is the initial nuclear radiation from the
shot and the second 18 the radiation from radiocactive fallout. In re-
gard to radiation from fallout, gamma rays of relatively low energy are
the major factor; beta and alpha radiation may be of some long time
significance although they are not likely to have acute aspects. In
this experiment no attention was paid to the fallout radiation.

In regard to initial radiation, gamma rays are of particular interest
to the shelter designer but neutrons are also important. Both types of
radiation are subject to the same broad laws, which are that rriiation
from a point will be decreased in intensity first by an inversc square
lav, second by attenuation (absorption and scattering) in the air waich
it trsverses, and third ty similar (but more severe) attemation in more
80lid mate.ial, such as the earth cover used around the shelter. In
general, the attenuation of radiation is an exponential function of dis-
tance; thus to a first approximation one can say that the total dosage
is:

Tk 32 ed/a e t/b (5.1)
total dosage

a constant depending on yleld and on design of the bomb
distance from bomb

characteristic attenuation ir. air

thickness of soil

characteristic attenuation in soil

patural logarithmic base

Gamma rays follow these laws rather precisely. Characteristic dis-
tauces are that the gamma dosayge would be decreased by a factor of 10
in approximately each 2,500 feet in air and !n approximately eack 2 feet
in soil. Similarly, fast zeutron: are attenuated by a factor of 10 in
approximately 1,500 feet of air or in approximately 2 feet of earth.

The situation for thermal neutrcas from an atomic explosion is some-
what different for two reasons. I*'ret their pumber is augmented by the
fast neutrons which are modersted in their passage through the inter-
vening air or soil, so that, in practice, the flux of slow neutrons may
fall off more nearly as the inverse first power of distance then as the
square power. Second, while for a considerwble distsnce (several thou-
sand feet) from the shot, gamma rays and fast neutrons for the most pert
have a velocity directly eway from their point of origin, thermal peu-
trors are so extremely affected by their mmny collisions that they quick-
ly become randomized in direction. Hence they appear to an observer to
come from a diffuse source, or cloud, rather thaa froam a poimt source.

The results of the radiation measurements on TEAPOT Shot 12 are
shown in Figure 5.3. 1In this figure the buildings sketched on the right-
hand side are Building 3.6 and those cn the left-hand side are Building
U-K 3.15. In each case the main arrcw gives the ctraightline direction
from the center of the building to the top of the shot tower. <The upper
palr cf figures give the situation for gamma radiation, in vhich the
pumbers are the measured total dose in roentgens. In the middle pair
of fisures the fast neutror flux Teasurewciuts are similarly displayed,

Where:

QU D AR
[ R T T O TR T
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and in the bottom pair those for thermal neutrons.

Several important physical differences between these two shelters
are apparent. These are: (1) Euilding U-K 3.15 had no earth cover
above the crown of the building; (2) total thickness of earth cover in
the straight line toward the shot point was somewhat less in Bullding
U-K 3.15; (3) the total water content of the earth cover in Building
U-K 3.15 was considerably less than that for Building 3.6 (this is be-
cause the U-K 3.15 cover was put ou in 1953 and had weathered and dried
out for two years, whereas the cover was placed on Duilding 3.6 approxi-
mately one month vefore shot time in 1955 and was thoroughly dampened
during placement); and (4) Building 3.6 collapsed, while Building U-X
3+15 remained standing.

5.3.1 Gamma Radiation. The measurements of gauma radiation shown
in Figure 5.3 are cf interest in several respects. The fact that the
shielding factors (the catio of flux measured inside the building to
flux meesured outside) for Building 3.6 (approximately 1/100) aud that
for Building U-K 3.15 {approximately 1/15) show much less attenuation
than would be expected for the 1C-15 feet of earth in the straight line
path from vhe detectors to the bomb, leads tc the conclusion that most
of the gamma radiation inside the buildings came as a result of gammas
scattered in the reiatively thin earth cover ciose to the crown. The
gross difference in the readings on the windward side inside Building
5.6, namely the single film badge messurement of 700 r at the 38-inch
hrzight compared to the average of 3 film badges and one anhydrous
.. chlorotorm dosimeter at a height 20 inches, which are grouped closely
Seeoes around the average of A4 r, represents an anomaly for which no reasonable .
""" ) explanation kas been found. The single measurement of 7CO r is scme-
SRR vhat more consistent with the other measurements in Building 3.6 and
""" U-K 3.15 but ‘t appears necessary in an objective sense to place more .« .
reliance on four ccnsistent readings than on one isolated film badge.
No hypothesis has been found by wricii the gauama reciation at trese two
locations cnly 18 incies apart and separated by air c¢ould c¢iffer oy a
. factor larger than li. Tlese padges and dosimeter were found under the
e collapsed half of tie buildirng and tney were recovere® sone cb Lows
s later than the similar cadges and dosimeters on the other side of tie
building.
. The deduction that most of the gammas entered v, penetration and
---- scattericg near tne crown is furt.er confirmed vy the dilference in ihe
shielding factors of the two buildings. Bullling 3.0 carried 3 feet
of esrth cover near the crown and had a shielding factor of 1/1(,
whereas Buildiag U-K 3.15 carried ac earth cover at the crown and had
o shielding factor of 1/15.
It is of interest to compare the gazma radiation results of puild-
ings 3.6 an¢ U-K 3.15 on Shot 12 of THAPOT with the resuits of gamma
measurements on U-K Shot 7 as report.c in Reference 7. Building U-K 3.19 .
during Shot 3 was approximately similar to Iuilding :.t on TEAPOT 12 in
that 3 feet of earth covered the crown of the building and appruximate-
1y 15 feet of earth cover lay in tie direct line vetween the ceater of
the bullding and the tower. The attepuaticrn factor for Building U-K 3.15
on UPSHOT-KNOTHOLZ v, as indicated in Reference 7, was ui the order of

Ve
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U-K STRUCTURE 3.15 TEAPOT STRUCTURE 3.6

AT AT
2300 FT FROM GZ I500 FT FROM 6Z
UNCERTAIN
71200
14400
SHOT ) E S'_SHOT
) N
920 MORE THAN 500 700 700
900 MORE THAN 500 64

GAMMA RADIATION !N ROENTGENS

i910

------

------

IR ETE

......

0.379 T

FAST NEUTRONS IN 10° NEUTS/CM? »
(ENERGIES ABOVE 3 MEV) S

: 1440 9870
o~ SHOT
NN N D
. §z4o é ~
3067~ a8
3y - e 470 >

THERMAL NEUTRONS IN 10 NEUTS /CM?

Figure 5.3 Measured radiation flux a4t Buildings U-K 3.15 ard
TEAROT 3.6 on TEAPOT Sact 12.
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1/200, waereas on TEAPOT 12 the attenuation factor was about 1/100.
Furthermore, while the ga'ma intensity inside Building 3.6 appears to
be roughly independent of the location of the detection instruments,
the measurements in Building U-K 3.15 on Shet U-K 9 had a rather large
scatter. Thus the curren. conclusion that the major gamms dnsage inside
the building came from gemmas scattered in the earth cover above the
crown represents a sharp change from the conclusion drawn from U-xK Shot 9
to the effect that most of the gamma radiation came in a direct line
from the bomb.

The biological effectiveness of gamma raye is about equal to that
of the bard x-rays used as a standard; the RBE (dc.ined in Section ©.3.3)
is between 0.8 and 1.0. Assuming it to be 1.0, the biologically effec-
tive gamma dose is the same as the measured flux in rocntgens. The
gammes dosage of TO0-900 r inside the bulldings exceeds a lethal dose
regardless of any current uacertainty in the value of the LD-50 dose.

2.3.2 Neutron Flux Measurements. The fast neutron flux measurements
presented in the seccnd part of Figure 5.3 ere for only a portion of the
total fast neutron en rgy spectrum, i.e., that part from 3 to 1C Mev.

It is estimated on the basis of the distribution of fission neutrons
versus energy that if lower energy neutrons had also been mrasurew, the
total values for fast neutrons would be about four times as large out-
side the structure, and about three times as large inside the structure.
The difference in the ratios represents the assumpti~u that a portion
of the intermediate energy neutrcns were converted tc thermal neutrons
in passing through the earth cover.

It is to be noted that on the two sides of the interior of Building
3.6, the fast neutron flux measurements were epproximately the same,
whereas the values on the far side of the interior of Building U-K 3.15
were three or four times larger than those on the near side. This fact,
indicates that while the neutrons may be thought of as arriving from a
somevhat diffuse source, they still retained some evidence that they
originated at the shot point. It is also noteworthy that the fast neu-
tron flux measurements inside Building U-K 3.15 were much larger than
in Building 3.6, despite the fact that the total neutron flux outside
the former was mu-Lk smaller than the flux outs.’= the latter. The
relative shielding afforded by the two structures would be expected to
differ, both because there was no earth above the crown of U-K 3.15 and
also because ti.ere was & much smaller water content in the earth covey
of that building. Assuming that the m2asured flux repiresents one-ivurth
the total outside the building and one-third the total inside the build-
ing, the attenuation factor for fast neutrons is about 1/6700 for Bulld-
ing 3.6, but only 1/30 for U-K 3.15. The more extensive earth cover of
Building 3.6 evidently accomplished a greater reduction in fast peutron
fiux then in gamma radiaticn.

In regard to thermal neutrons, the close equivalence of readings on
the two sides within both bulldings indicates that the thermal neutrons
arriving within cthe buildings ceme from a very diffuse source. In fact,
many of them may have come from moderation of fast rnautrons withio the
earth cover itself. The attenuation of thermal neutrons wvas about
1/200 for Building 3.6 and 1/5 for Building U-K 3.15.
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5.3.3 Feutron Dosage. Refore concluding the discussion of the radiation
measurements, one should consider the relacive importance of the neutron
dosage compared to the gamma doiage, from the standpoint of biological damage.
Tae units used in radiation measurement may be defined either on a phys-
ical Lasin or on the basis of biological damage. The roentgen (r) is de-
fined in terms of the amount of ionization produced in air by X-radiation.
To provide for measurement of iopization caused by other types of radiationm,
the roentgen-equivalent-physical (rep) was established, and defined so that
cne rep of any type of radiation provided the same amount of ionization in
air. However, different types of radiation have different degrees of bio-
logical effectiveness, even when the same quantity of ionization energy is
produced. Hence, the relative biological effectiveness (RBE) was defined to
compare the biological effectiveness of other radiation tc that of gamma
radiation. The rem, or roentgen-equivalen:-man, can then be defined as
(no. of rem) - (no. of rep) x RBE. Thus 1 rem of sny type or radiation will
have the same biological effect. (This discucsion of units is condensel
from Reference 8, which contains a more complete discussion of them.)
The International Commissior on Radiological Protection suggests an RBE
for neutrons of 10 (Reference 9). This value is intentionally conservative,
since it is used in establishing permissible dosages for occupational ex-
posures. In Reference 8, Chilton, after surveying verious experiments,
describes a proton RBE velue of 10 as "very ccmservative”, a value of 5 as
"mildly conservative”, and a value of 2 as "most probable.” It is the opin-
ion of the author {of WI'-1128) that RBE values for neutrons can be considered
to be essentially the same as RBE values for protons and hence it ls believed ....
that Cdr. Chilton's conclusions regarding proton RBE's can, for the purpose ‘***** -
of this report, be translated directly into values of nmeutron RBE's. Con- RN
firming this opinicn, Harris (Reference 10) uses an RBE of 1.7 for neutrons, °***''*
which corresnonds to Chilton's value of 2 as the most probable RBE for pro- .-
tons. It is beyond the scope of this prcject to evaluate the uncertainties ‘-~
in the values of RBE for neutrons, and they ure not significant in any of I
the conclusions; at the reccmmendation of AFSWP, Harris' neutron RBE of 1.7
is the value used in this report. Jreses
Table 5.4 and Figure 5.4 present a summary of the Project 3.6 neutron A
doscge calculations. These values are of course only approximeste, since the :
estimation of neutron flux in the intermediate energ, ranges may not be
accurate. However, it is evicdent that the neutron dossge in Building 3.6 o
is negligitle compared with the gemma dosage in that ouilding of over TOO e
rem; while in U-K 3.15, the sizable neutron dosage of 300 rem is only a ;
third the gamma dosage of over 900 rem. In these structures, therefore,

the gamma dosage is the important quantity to consider from the standpoint
of biological damege.

5.4 SHOCK-TUBE MEASUREMENTS

Shock-tube messurements were made by the BRL on a trapezoidal, three-
dimensicnal model of Ruilding 3.6 and its earth cover as shown in Table
5.5. These shocks correspond to Mach numbers in the range of 0.5.

It was decided before the field test to extrapolate these results in-
to the regicn of p = 20 psi and q = 5C psi, walch corresponds to a Mach
number of about 1.5, After the test it was decided to compare the shock-
tube results with the field-tmst results in tre region p ®* 10 psi and
q = 150 psi, which corresponds to & Mach number cof about 3.
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In attempting the extrapolation of the shock-tube data from the
relatively modest ahock strengths, particularly axtrapolating q values
to the quite large values expected and encountered in the field, it
vas decided that the parameter q/p might serve a useful purpose. Fol-

TABLE 5.4 NEUIRON AND GAMMA DCSAGES

Bullding U-K 3.15| Building 3.6

Genma rays:

Doss ocutside (rom) 1k, k0o 1,200

Dose insidc (rem) 920 700

Shielding ratio 1/15 1/100
Meeasured thersal neut-ons:

Flux outside (n/cw=) 2,440 x 209 9,870 x 109

Plux inside (o/cy?) 300 x 39 k6 x 209

1 rep © 2.9 x 1040 n/en?

RBE = 1.7

1 rem © 1.7 x 1010 n/ca?

Doso outside (rem) 85 580

Dose inside (rem) 17 2.8
Measured fast nsutrvns (3-10 Mev):

Flux outside (p/cw® 340 5 109 1,910 x 109

Flux inside (n/ca?) 15 x 109 0.k x 109
Estirated total fast trons:.*

Flux outside (n/ n!‘; 1,360 x 109 8.000 x 10°

Flux ioside (o/cy®) b < 209 : 1.2 x

A rep 3 2.5 x 10° nfenf

RBE < 1.7

1r-'1.5x108n/c12

Dose outside (rvm) 9,000 53,000

Dose inside (rem) 300 8
Estimated toval neutrons (thermal plus fast):

Dose outside (rem) 9,“5 ! 53)%

Dose insids (rea) 17 | 10.8

Shielding ratio 1/30 Ll/sooo

* It is estimeted that outside the building ‘™2 msasured fast neutron
flux 1. only one-fourth the %oirl flux of fast ceutrope; inside the
building the meesured flux is estimated toc de one-third the total.

lowing this procedure the value of q/p was plotted against the shock
gtrength p/po for each one of the nine gage rositious and for each of
the four shock strengths used by BRL. To simply the procedure for
extrapolation and predictions so that it would rezair within reascnable

TABLE 5.5 PRESSUKE YALUES FOR SHOUK-TUBE TRITS

4

q
Overpressure Dyoamic Prescure

{pr1) (pet)
)t Y 2.2
2 | 3.1
X ; 16.9
% 2.9

bounds of complexity, the value of q/p used was the average after the
transients bad died avay. These data, vhen plotted on linear paper

were found to fall ¢:‘te close to a straight lines for each instrument
location. The parametric equatior of each line was therefors easily
deteruined ané vhen translated to terms of overprescures and dynamic
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U-K STRUCTURE 3.15 TEAPOT STRUCTURE 3.6

AT AT
2300 FT FROM GZ I500 FT FROM GZ

14,400 71200

PO NN

GAMMA DOSAGE IN REM

9000 53,000

PN O N

ESTIMATED TOTAL FAST NEUTRON DOSAGE IN REM

380

THERMAL NEUTRON DOSAGE IN REM

Figure S.4 Zetimated radiaticn dosage at Buildings U-X 3.15 and
TEAPOT 3.6 on TBAPOT Shot 12.
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pressures rather than the ratio, resulted in the 1list of equations
below

Gege Position Equation
l pgege = 1.00p ¢ 0,72 q
2 P eags = C.B85p ¢ 0,66 q
3 p eage = 0.76 p + 0.54 q
b4 P gage = 0.83 p - 0.60 q
5, 6, T, P gage = 1.00 p - 0.80 g
8 p gsge = 1.07 p - 0.58 q
a P gage = 1.00p - 0.1 ¢

Where: p gage = pressure against the earth berm

P - slde-on pressure cn the dlast line
qQ = dynamic pressure on the blast line

The shock-tube data cover a range of q/p between 0.2 and 0.7. 'The
extent of the extrapnlations of field conditions required extrapolation
to corresponding values of between 3 and 10.

Comparison of the actual pressures against the earth berm with
those predicted by the shock-tube experiments over this tremendous

extrapolation makes it clear that such shock-tube measurements are not
of significant velue in assisting in the prediction of field results.
This is not swrprising in view of ties gross extrapolation. It suggests
that if shock-tube measursments can be pushed to shocks of very much
greater strergth, the possibility of their use for prediction purposes
will be improved, Even vhe fact that the ratioc of q to p found in the
field differs so greatly from the ideal values found in the shock tube
mey ve=ll mean that shock-tube data, even under high shock strengths,
can be used only for gross approximations.
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Chapter 6
CONGCLUSIONS

6.1 TEAPOT SHOT 12

The conclusions which are based on this test anc which involve ite
resulits, without regard to previous test results or coosiderations out-
side the test, are as follows:

1. Tre structure and configuration tested (Building 3.6) would
serve as an adequate shelter under conditions in the open not exceeding
any of the following conditions:

Averaje side-on pressure 30 psi
Average dynamic pressure 80 psi
Total flux prompt radiation 10,000 r

Actually, the structure would probably withstend a still larger side-on
pressure if the coincidantal dyanamic pressure were sufficiently smell.
In regard to pressure, it is believed that the average value during the
first 100 or 200 msec ia of greater significance than the peak value.

2. “he capabilities of this specific ccnfiguration have heen ade-
quately bracketed and no further field tests of it are warranted.

3. Modals appear useful and a laboratory zode. test program should
be undcrtaken prior to any full-scale field test of earth-covered
shelters.

6.2 SHELTERS IN GENERAL

If conslderaticn is given to results of other tests apd o items of
general wnovledge outside the scope of the TEAPCT test, the lollowing
corclusions can be reached in regard to shelters in general. Scem of
these ccnclusions basically represent the suthor's opinion and mey not
be subject 1.0 clear proof.

The general context for these conoclusions is that large-yield weapons

are of greater significence than small-yleid veapons and that large-
yield wveapons will be detonated at low aculed heights of dburat. In such
situations tie sarea covered by fallcut of dangerous levels is very much

63
CONFIDENTIAL

"""""

oooooo

.....

ttttt

......




R

oooooo

------

......

cccccc

------

.......

......

larger than the area within which wrdipary construction will be damaged
by blast.

1. The Gaesigner of a persoanel shelter should, for most situations,
aim his design primarily toward protection against radiation frcm fall-
out and only secondarily to its protection sgainst the blast forces.

Out of a thousand s.rface or partially buried shelters in the vicinity
of atomic explosions it should be expacted that a far greater number
will prove to have protected occupants ageinst danger from fallout radi-
ation than will prove to have protected occupants from blast damags.
(There are situstions of great military importance where the criterion
for shelter should be primarily protection against tlast rather than
against radiation. In general, such shelters should be deeply buried
and their cost will be much greater than that for surface or partially
buried shelters. It is believed that deep shelters probably constitute
only a smail fraction of the total number of shelters which should be
built to protect military personnel.)

2. Radiation protection depends primarily or. the thickness of the
earth cover at the spots where the thickness is least

2. Blast protection of uboveground shelters depends primarily oun
thei; resistance to wind rether than to overpressur~ (to q rather than
to p)»

L. To obtain maximum blast protection with a given minimum thick-
ness of earth cover, the shelter should be completely buried.

5. To obtain maximum blast protection with a given thickness of
earth cover and at a minimum cost, the shelter should be partially
buried so that the volume of the cut approximates the volume of the fill.

6. To obtain maximum blast protection at minimum cost, the span of
the arch showld be minimum. Length has nc Influence.

7. The high-rise arch appears superior to any alternative shape to
carry the necessary load of earth cover and afford a further margin
against blast loads.

8. The design and material of a high-rise arch should be of types
which permit considerable deflection beyond the elastic range before
its resistance decreases. The relative mwerit of corrugated steel cou-
pared to under-reinforced concrece or wood with plastic steel hinges
is not currently determined.

9. Stabilization or other strengthening of the fill material should
be given careful consideration, It is possible that such procedures
would result in enhsncement of strength &t low cost and hence would
represect an approacn to the most economical design.

10. Static teests of models will be valuable in approaching an opti-
mum design cf shelters a. a minimum of cost.

11. The configuration tested on TEAPOT shows sufficient prumise to
warrant a program of shelter design based on the earth-covered, uigh-
rise steel arch., Such design should include multiple entrances, complate
wvith necessery baffling, ventilation, and olher services, the storsge
of food and medicel supplies, and the like. It i{s belisved that a par-
tially buried structure copsisting of three steel arches of 8-foot span,
placed side hy side, {s a closer apprcach to optimum design. The arches
would be supported on low concrete . masonry wvalls carried up abcve the
subgrada floor of the structure to a .eight sufficient tu give adeaquate
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head room. Earth cover above the crcwn of the arch would be U4 feet

and the flat top of the earth cover would be carried to a distance awvay
from the side of the outer arches at lesst twice the height of the earth
cover tdove original g.ound level.

12. The design of warth-covered shelters based on st:9ss analysis
is not possible under present conditionc and further effort in this
direction is not uiv.sable, The precise loads to which a shelter may
be subjected are rot veld known and probably cannot be established;
similarly, the mechanism by which earth cover transmits such loads is
not vell establish2d and the characteristics of £1ill materisls which
determine these mechanisvs are not well known.
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