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FOREWORD

This report has rad classified material removed in arcar to
make the information available on an unclassificg, open
publication basis, toc any interested parties. This effort to
declassify this report has been accomplished specifically to
support the Department of Defense Nuclear Test Personnel Review
(NTPR) Program. The sbjective is to faciiitate studiss of the
low levels of radiation received by some individuais during the
atmospheric nuclear test program by making as much informatios
as possible available tv all interested parties.

The material which has ueen deleted is all currently
classified as Restrictcd Data or Formerly Restricted Data under
the provision of the Atomic Energy Act of 1954, (3s amended) or
1. National Security information,

This r2dert has been reproduced directly from available
copies of the priginal material., Tne locations from which
material has been deletea is genmerally obvious by the spacings
and "holes" in the text. Thus the context of the material
deletes is identifiad to assist the reader in the determination
of whetner the deleted informaticn is germane to his study.

It is the belief of the indisiduals who have participated
in preparing this ceport by deleting the ciassified material ;
and of the Defense Nuclear Agency tiat the report accurately 3
portrays the cortents of the original and that the deleted
materizl 1s af jittle or ro significance to studies into the
amounts or types ¢f rad:.ticn received by any individuals
during the aimaspheric auclear test srogram.
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FREFACE

Authority was obteined for participation in Operation TEAPOT
at the Nevada test site in 1955 under Project 8-12-75-001, "Tessie
Jones."

Investigations of field fortifications as a part of Exercise
DESERT ROCK VI, Operation TEAPOT, were made under the supervision
of Mr. Nathaniel J. Davis; Jr., Project Engineer, in conjunction
with other field work under the direction of Mr. Johr G. lewis,
both of whom are employed in Specisl Projects Branch, Engineer Re-
search and Development Laboratories, Fort Belvoir, Virginia.
Troops from the 95th Engineer Combat Battalion, Camp Desert Rock,
performed the required construction with 1lst Lt Guy 2. Jester, from
the Field Fortificetions Section, The Engineer School, providing
valuable assistance. The Ballistic Research Laboratories, the Chem-
ical and Radiological laboratories, the Evans Signal Laboratory, and
the Naval Ordnance Laboratories provided essential support. Grate-
ful acknowledgment is made to Dr. T. G. Walsh, Special Projects
Branch, for contributing that portion of the discussion on nuclear
radiation and to Mr. F. A. Pieper, Special Projects Brarch, for con-
tacts and planning required to establish blast instrumentation and
for his assitctance relative to evaluation of data therefrom.
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SUMMARY

Tals report covers a field fortifications test conducted as a
part ol Exercise DESERT ROGK NI, Qperation TEAPOT. The test objec-
tives of this project were: to determine the protection afforded
against stomic weapons by naw field vorks which were designed for
use ageinst conventional weapons; to obtain data for modifications
to these designs to gain better protection against atomic weapons;
and to study design criteria, improve construction techniques, and
develop concepts of tactical employment for field works applicable
to future warfare.

The fortifications exposed to TEAPOT shot No. 12 (code named
MET), & 400-ft tower burst with sn SXpected yIeld of SBI3 KT, vere
machine gun emplacements and shelters. Post, cap, and stringer-

type construction predominated. Peak overpressures to which the
fortifications were actually subJected were 65, 48, and 37 psi.

Measurements of peak overpressures, gamma radiation, and neu-
tron flux were made at several locations in the structures.

Tests revealed that the degree of structural demage at a given
distance from ground zero (GZ) depends largely upon the elevaticn
of the structure ia relation to ground surface. The vulnerability
of structures in descending order is: {1) structures located on
ihe ground surface; (2) structures located partially below the
ground surface; and (3) structures located totally below the
ground surface. The damage to curface and semicurface structures
from lateral or drayg forces is &t least equal to or more ravere
than the damage caused by vertical forces. Joints and fasienings
play as significsat a role in siructure survival as dc the materi-
ais themselves. Operation TEAPUT showed that field fortifications ,
especially belcw-grade-level shelters, can be constructed 4o witk-
stand blast effects of moderate intensity, but the effects of both
proupt nuclerr radiation and, tc & lesser extent, blast pressure .
inside the structures,will dictete the range at which occupants of
these structures will survive. It appears that fighting empiace-
ments of the semisurface type cen survive at 30 to 4O psi overpres-
sure; =a0d that, depending on tr.> entrances, shelters can withstand
almost twice this amount. Curreast blast damage prediction methods
in ™ 23-200 are either cverly j~ssimistic cr do not include infor-
mation on the damage to heavy tZzber structures or the type expogsed
in this project.
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FIELD FORTIFICATIONS TEST

EXERC]SE DESERT ROCK VI (U)

I. INTRODUCTION

1. Subject. This report covers a field fortifications test !

conducted as a part of Exercise DESERT ROCK VI, Operation TEAPOT,

under Project 8-12-75-001, "Tessie Jones.” The test objectives

verz: to determine the protectiorn afforded against atomic weapons

by new field worke which were designed for use against ~cvnventional

weapons; to obtain data for modifications to these designs to gain

better protection against atomic weapons; and t» study design cri-

teria, improve constructior techniques, and develop concepts of

tactical emnloyment for field =orks applicable to future warfare.

2. Background and Previous Investigation. Efforts to obtain
atomic effects information on field fortificaticns began with Oper-
ation BUSTER JANGLE, one of the first of the atomic tests at the
Nevada test site, in the fall of 1951. Prior to this Operation,
atomic weapons effects on field fortirficatiors were approximated by
2pplying knowledge obtained from atomic detonations outside the con-
tinental limits of the United Stales (detonations over Japan and at
the Marshall Islands). The U. S. Army began Exercise DESERT ROCK
(its designation for participetion in the atomic tests) with the
Operation just mentioned. Exercise DESERT ROCK I through V wes con-
ducted in conjunction with Operation BUSTER JANGLE and with the two
succeeding Operations, TUMBLER-SNAFPER and UPSHOT-KNOTHOLE. As a
part of each of these exercises, field fortificatlons were exposed
&t varying distances from ground zero {GZ). Although these exer-
cises furthered knowledge in this field, the recording of tae ef-
fects on these fortifications was a mission secondary to troop in-
doctrination and observer orientation; as a consequence, the re-

ports on the exercises included only a minimum of detailed
information.

e S AR PRI TN IRy LIV T S AR tod (XrFREOY 5 480
.

UPSHOT-KNOTHOLE Project 3.9 was an AFSWP field foriifica-
tions test conducted during continental atomic tests iz the spring
of 1953. In this test, considerable emphasis was placed or. the im-
portance of obtaining detailed information on the effectiveness of

5 various materials used ac revetment and overhesd cover. The em-

S placements which were selected *o provide this information were

§ small command posts, machine gun emplecements, and two-man foxholes.
3 The report on Project 3.9 (2) contains ® summary of the reports on
% the DESERT ROCK exercises, s well as summaries of other related

<

structure tests that have been conducted in conjunction with tae
varicus Operations, and the reader is referred to the aforementioned

report for further information on past testWtivelyJ
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the tests pricr to Operstion TEAPOT devermined, itogether vith the
otjectives, distances from ground zero at which occupants of em-
rlacerents were considere? to be safe. It was furtber determined :
that field foriifications provided protecticn, but only a limited :
quantity of conclusive information was obtairad a: tke amowat of

protection a forded. Because of the peed for additiocauml informa- !
tion, this test, Project 40.15 was initiated. Project k0.15 origi- j
nated as a result of coordinsted efforts by the OLE and OCAFF where-
by the Corps of Engineers would provide pians, materials, snd con-
struction supervision for a {ield fortifications pmject as a part
of Exercise Desert Rock VI. It was intended thet such & project
would fulfili Exercise DESERT ROCK VI rcquircments for troop indoc-
trination and observer orientation and also would provide the Corps
of Engineers with dats from vhich to arrive at balenced field forti-
Tication deszigns. A balanced field fortification design is consid-
ered to be one capable of providing adequate prcotection from HE
hursts as well as blast, radiastion, and thermal effecis of an alomic
burst.

II. INVESTIGATION

The test was congrised of iwenty fortifications exposed to
TEAPOT shut No. 12 (code named MET), a BOO~ft tower vurst with an
expected yleld of 2813 KT. Distances from ground zero were selected
g0 that the structures would be subjected to peak overpressures of
approxinately 60, 40, =nd 20 psi. These values wvere considered of
the right magnitude to cause varying amounts oy damage from which
the aforementisned objectives could be azcomplished. ;

3. Description of Stiuctures. The structures tested are !
listed in Table I; in this table, I, J, and K arz three types of
corrugated steel anelters which were Tositioned one each, of the
three types, at each of the three ranges. These designs vere in-
cluded for test in the DESERT ROCK Exercise by the Exercise Directur
and have been made a part of this report. In general, these have
been referred to ss the Sixth Army structures.

Structures A, B, C, B, G, add TCS were constructed from
plans drawn by the Field Fortifications 3ection, Pioneer Branch,
The Engineer School (TES), Fort Belvoir, Virginia. These structures
were dosigned for protection against comventional weapons only. The
2yps D structure way designed ty the Pioncer Development Sectlon,
T8S, Fort Belvoir, Virginia, o withstand approximately 23 psi peak
overpressure {rom an atomic burst. Th® coirugated setal arch and
the plywood dome, Types F and H, are ERDL designs. The former vas
ipcluded in the test to provide blast effects information or a
structure constructed of ma*erials normally uvailable to Eugiucer
troops in the field, and the latter was tested to provide data
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Table I. Structures and Ranges
Expected Distance
Description Overpressure from G2
(psi) ()
7' x 7' Machine gun empiacement, 60 1000
dimeasion timber ko 1150
20 1400
8' x 12' Modular shelter, 60 1002
dimension timber (two 8' x 6' 40 1150
sections) 20 1k00
7' x 7' Machinzs gun emplacenent, 60 100
notched dimension timber ko 31250
20 1400
' x 20' CP type underground 60 1000
shelter, dimension timber Lo 1150
T* x 7' Machine gun emplacement, 60 1000
rcund timber Lo 1150
20 1koo
5' Diemeter srch cmplacement, 60 1660
corrugated metal culvert, 12' long 20 1400
8' x 12* Modular shelter, rcund 60 1000
3iuber {two 8' x 6' sections) 20 1k00
9’ Diameter, prefabricated plywood 60 1000
doae 20 1k00
Covexed trenches to provide
entrance to types A, B, K, and G
L' Diameter shelter, corrugated &0 1000
culvert, 10' long &0 1150
20 1h00
9% Dismeter arch shelter, 60 1000
corrugated metai, maltiplate, o 1150
12*' long 20 1k00
14’ Diameter section of Armco 60 1000
building, corrugated metal, 40 1150
10’ long 20 1L00
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vhich would serve as a guide for the development and design of nevw
portable fortificatinms. Figs. 1 through 7 are isometric drawvings
of structures A, B, C, E, P, G, and H, respectively. Fig. 8 is a
photograph of & scaied model of the Type D structure. For those
structures requiring them, trench cover sectioas (ICS) sre shown.
‘‘hrze bays of TCS were used in th® entrance construction for both
the moduiay shelters and the machine gun emplacements. The TCS
ware arran3zed s0 as to afford a right angle turn in the entrance to
the modular shelters. Those structures tiat vere constructed from
T8BS plans reaquired, in some instances, minor changes in design at
the test site. These changes are reflected in the drawings.

Strvctures A, D, 8, and G (entrances included) were
sheathed vith 24.gage, galvanized, corrugated steel (depth of cor-
rugation 4 in. with 2-2/2 in. to the corrugation). The entrances
to the B structures vere also sheathed with corrugeted metal; how-
ever, tlie shelters thems=lves were sheathed with 3-in. planking. A
brief Geseripticn of the primary structural components of each type
structure is contasined ia Table iI.

All dimension timber structures were constructed of No. 2
comna or detter, rough, y=llow pine timbers. The greater number
of these timbers were green as they had been cut only a few veeks
before shipment to the test site. The round timber structures (B
and G) vere constructed of Douglas fir logs. These logs, although
acceptabie for coamstruction of this type but rot recommended for
test purposes, lefl muck to be desired. They appeared to be well
seasoned (quite nld), and if ‘rittleness is considered es an inii-
cation of moisture, had a lov moisture content. This condition is
normally suggestive of increasea stirength, but here, certain condi-
tions, probably weathering, had caused a prevalence of "checks" and
"shekes.” Checks and shakes do not affect members subjected to
longitudinal compression, dbut they are detrimental in members sub-
Jected to bending in that they reduce the shear value.

Drawings of the Sixth Ammy structures are not available
for inclusion in this report, but it is believed that the photo-
grapne of these structures togetber with a brief description are
sufficient to portray io the reader the designs tested. Hollow
dbulkheads (2-in. by k-in. studding cheathed on both sides with l-in.
by 6~in. plank) were constructed on both ends of the I and J struc-
tures and doors were provided in the entrance-end bulkhead. Both
ends of the K structures were furnished with garage-type, metal
doors; however, only one end afforded access because the other wes
backfilled. Tre K structures were further provided with 6-in. by
6-in. center posts at each end and separated by a 6-in. by 6-in.
spreader that ran the leagtk of the struzture. These posts were
intended to afford lateral support for ihe doors. The corrugated
petal in the structures measured spproximately 3/32 in. thick and
was copsidered to be )2 gage.
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Table 11, Description of Primary Structural Components
Structure Item: Description®
A Cap 6" x 8" x T*-0"
5il1 6" x 8" x 7'-0"
Post 6" x 6™ x 6'-h
Stringer 6" x 6" x T'-0"
Spreader 3" x 6" x 6'-0"
Drift pin 3" x 16"
B Cap 6" x 8" x §:-0"
£111 6" x 8" x Br*-0"
Post 6" x 6" x 5'-10"
Stringer 6" x 6" x 6'-0"
Siding 3" x 6" planking
Drift pin 3" x 1bm
c Cap 8" x 8" x 11'-6"
Sill 8" x 8" x 10'-0"
Wall member 6" x 8" x 10'-0"
Stringer 6" x 8" x 10'-0"
D Cap {room) 8" x 10" x 10'-4"
Post (room) 8" x 8" x 6'-10"
Footers {rcom) 2" x 12" plank placed on
3" x 8" x 4'-0" subfooters
Cap (passage) 6" x 6" x 4r.0v
Fost (passage) 6" x 6" x 6'-6"
Post (shaft) " x 4 x 13'-2"
L» x k" x 6'-8"
Spreader (shaft) Lmox b ox 3ty
Bracing (shaft) 2" x L
Roofing 2" x 6" planking
E Cap 11" dia. x T'-0"
siu 13" dia. x 8'-0"
Post 12" dia. x 6'-8"
Stringer 9" dia. x 7'-0"
Drift pin 3" x 16"
F Metal arch Composed of three 5' dia. 10-gage

Vertical culvert
lining
Footers

corrugated steel culvert sections,

flanged, 4' long

Lt dia. 12-gage corrugated steel

culvert, L' long

3" x 6" x 12°
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Table II (cont'd)
Structure « Item Description¥
G Cap 10" dia. x 8'-0O"
Sill 13" dia. x 8'-0"
Post 10" dia. x 6'-0"
Stringer 9" dia. x 6°'-0"
Drift pin " x 16"
H Plywood covering Total thickness 3/b" (3 layers of
. 1" plywood)
3 & Ribs Laminated construction, 2-3/8" x
5 L-1/8"
3 Base plate Laminated construction, 2-3/8" thick,
X 6" wide
! Cable Base of dome encircled by " steel
P g cable
2 Entrance roof 6" x 6" x 5'-0" (stringers bearing
§ ) stringers on soil, span approx. 30")
. % TCS (di- Cap 6" x 8" x 12*-8" (continucus
¥ = nension +hrough two spans)
N timber) 6" x 8" x 6'-4" (ore span unly)
. Post 6" x 8" x 72"
] Spreader (top) 3" x 8" x 3'-6"
'% Scab 3" x 8" x 2'-0"
Stringer 6" x 6" x 10'-0" (clear span k4',
overhang 24')
Footer 3" x 12" x 1'-6"
Drift pin 5/8" x 16"
TCS Cap 11" dia. x 19'-0"
(round Post 12" dia. x 7'-4"
timber) Spreader T" dia. x 3'-6"
Scab 3" x 8" x 1'-6" (cut from log)
Stringer 9" dia. x 10'-0" (clear span L',
overhang 23+)
Footer 12" dia. » 6'-8"
Drift pin i x 16"
I Contained elsewhere in this paragraph
J Contained elsewhere in this paragraph
K Contained elsevhere in this paragraph

* Log diameters are average dlmensions and exceed from 1" to 3" the
diameters normally recommended for these structures.
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4. site Layout and Orientaticn of Structures. The MET shot
was conducled on Frenchmen Flat. The structures vere placed along
three concentric arcs centered at ground zero with radii correspond-
ing *o the desired ranges. The layout of fortifications at the
three ranges is shown in Fig. 9.

With the exception of the T-ft by 7-f“ notcred dimension
timber mechine gun emplacement, Type C, those structures with firing

Q
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Fig. 9. iayout of fortifications relative to ground zero.
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ports were oriented with firing ports facing away from ground zero;
thus, the overhanging roof stringers over the front firing verd

: were exposed to the full effects of the blast. Structures D and F
Ty vere oriented with their principal axes normal to the line of blast

: B = with the vertical entrance shafts on the D structure toward ground
ey TS zero. The Sixth Army structures were positioned with the entrances

facing 90° away from, or normsl to, the shock front.

5. Construction Techniques. All construction was performed
(B by A Company, supplemented by a platoor from C Company, of the 95th
‘ Engineer Combat Battalion, Camp Desert Rock.

; . Before authority to begin construction at the test site
- B was grauted, the decision was made that some of the construction
. could be accomplished at another location and huuled to the site on
a later date. Accordingly, Types A, B, and C, minus the entrance
trenches, were constructed at Camp Desert Rock and hauled to the
test site on 20-ton trallers. Handling and placement of the struc-
' - tures was accomplished with an M-59 wrecker. Some conjecture was
TE: made as to whetber the hauling (to a distance of approximately 17
: 2 miles) and additioral handling would weaken the structures, but
subsequent inspections revealed no 11l effects.

.
P
b sty £

gl gt

Excavation and construction at the test site was begun on
25 January 1955 and completed on 17 February 1955 at which time
construction of Types I, J, and K was begun. The construction crew
averaged approximately 65 men per day. Except for the excavations
for the Type D structures which were slot dozed, all excavating was
accomplished with hand tools. Air compressor tools, especialiy the
clay spades, were used extensively. A clam shell was available but
its use was limited to removal of loosened soil from the relatively
deep excavations required for the modular structures.

AR NN P

Excavations for the Type D structures were slot dozed
oversize to allow ample working space around the ctructure. The
excavations for the other timber structures were dug 6 to 12 in.
larger than the over-all dimensions of the structure with earth
walls vertical and undisturped. This did not allow sufficient work
space to nail corrugated metal sheathing oa that portion of struc-
ture below ground surface; consequently, the sheathing on the log
emplacements and the dimension timber TCS was nailed only at zbove
ground locations and at below ground locations accessible because
of structure configuration.

TR YRLINHIULTLY PRONT (7 BEAT AR

The structures vere backfilled and covered with the dry,
noncohesive, desert soil. The backfill material was tamped dry;
thus, tamping did little more than assure thet no large voids ex-
isted behind the sheathing. Most of the cover was placed on the
structures with equipment, final shaping being accomplished by hand.
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It was intepded that protection from radiation would be provided to
the extent of that afforded by S5 ft of cover material. A cover de-
sign typical of that used for protection from HE shell bursts wes
not used, only soil. A layer of roofing psper was placed aver each
structure to prevent cover material from sifting through cracks in-
to the structures. To attain and keep 5 ft of the dry, powdery
soil over the center of msny of the emplacemerts meant diverging
sonevWnat from recommended sandbag placement. A rain near the com-
pletion of the construction phase of the test was beneficial be-
ceuse it caused the outer layer of cover material to crust and re-
main in place until test time.

G5 P IR T e 8 hme £ e e

Day-to-day accounts were kept of the man-hours end equip-
ment Hours consumed in constructing each siructure. The total re-
quirements for the various structures have been averaged and pre-
sented in Table III to show the average effort requirsd for one
structure. Figs. 10 through 23 show randcm photographs taken dur-
ing and after completion of the construction phase.

RS S ':;,z

3
BRI

6. Instrumentation. Verious fortifications were instrumented
with available instrumentation to obtain measurements of air blast
1 and nuclear radistion. No instrumentation was provided to neasure
thermal radiation.

RS Py

SO

)

a. Alr Blast. Pressure measurements were made with BRL
pressure-time (p-t) gages and NOL indenter gages. Twenty p-t gages
were placed in eleven of the structures by persomnel from the Bal-
listic Research lLaboratories. It was desirable to use more than
this rumber of p-t gages, but the supply vwas limited. These twenty
gages were allocated to all but the log and Type C structures. Fur-
ther, this meant that only one or two pressure-time records could be
obtained per structure, except for the D structures which were al-
lotted three gages each. The gages were placed on the floors of the
structures and held in place with sandbags. The indenter gages,
which measured pesk pressure only, were mounted in the log struc-
tures (Types E and G) and the Type B structure, at 1400 ft. Indent-
er gages were also used to supplement the p-t gages in several of
the other structures, namely, the two Type D structures and the
Type A, at 1i50 ft. Furthermore, placement of the indenter gages
with the more accurate p-t geges would provide by comparison of
pressure measurements, some indication of tne dependence that should
be placed on the indenter gage measurements in the log structures.
The Type C structures were believed to be especlially vulneradle to
drag and therefore were not instrumented. The indenter gages were
mounted in clusters of four with faces paralliel to the floor surface
on threaded lag screws in 6-in. by 6-in. wooden post mounts. These
mounts were imbedded in, or firmly attached to, the floors of the
structures. No gages were available for use with the Sixth Army
structures.
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A12962

Nearing completion, GZ in direction of right foreground (note

rabbit hole entrance under solid wall)

i
|
Completed, GZ in direction of left foreground '
i

Fig. 12. Type C Structure.
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Fig. 14. Type D structure » before test, looking away from GZ
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A13039
Fig. 15. Type E, under constructionm.
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‘ 5 Under construction A12937

Nearing completion, GZ to right A2955

Fig. 17. Type F structure.
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From TCS toward first Entrance, GZ to left

mydular section

Fig. 18. Type G structure.
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Placing cable around base of
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Structure completed, GZ in background
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A13215
Entrance view, GZ to left

AL3120

Over-all view, GZ in direction of left foreground

Fig. 21. Type I structure.
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Fig. 22. Type J structure.
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Over-all view, GZ in directiou of left forv:.ground
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The gages were located vitnin {le struciures at the
positions indicated in Fig. 24. No jastrumentation was provided
for measuring pressure on the outside. It was intended that over-
pressure and dynamic pressure measurensents at distances of interest
to the project would be obtained frcaa othe ; sources, principally
the desert blast line.

b. HNuclecar Radiation. Measurements of both gamme radi-
ation and neutron flux at several locations in the structures were
nade by personnel of the Army Chemical Corps. Gamma radiation was
recorded by means of NBS film dosimeters and three different types
of chemical dosimeters; the film dosimeters measured exposures in
the 500 r to 40,000 r region, while the chemical dosimeters measured
exposures in the region of 200,000 r. Neutron fluxes were recorded
by means of goid, fission threshold, and sulfur detectors; gold re-
corded the thermal neutroms; fission threshold, the neutrons of
intermediate energies (4 Kev to 3 Mev); and sulfur, the high energy
neutrons (greater than 3 Mev).

7. Test Results. The MET shot was fired on 15 April 1955.

The yield of the weapon as determined by radiochemistry was 22 KT,

6 KT less than the predicted yield, and definite evidence of pre-
cursor formation was noted. Peak overpressures at ground surface
along the desert blast line were approximately 65, 48, and 37 psi
at the 1000-, 1150-, and 1L400-ft ranges, respectively. The dynamic
pressure measurements at a 3-ft height over the desert surface along
the main blast line revealed pressures of well over 160 psi at the
1000- and 1150-ft ranges and approximately 110 psi at the 1L00-ft
range.

First efforts toward reccvery of effects-measuring in-
struments were attempted on D-day and D+l by the agencies concernzd.
Heavy contamination at these relatively close ranges and the condi-
tion of the structures impeded this operation to the extent that
some 0i the instrumentation, primerily that at the 1000-ft range,
had tc be recovered on subsequent days. Because of a stiff breeze
vhich forrmed dense dust clouds of the disturbed soil in this close-
in area, photography and detailed examination of the damage were not
completed until several days after the shot, at which time the re-
meining p-t gages w.? ivdonter gages were recovered. This recovery
delay in po vay irpaired tke quality of the gage recordinge.

a. hersure Mearurements. Maximum pressures recorded
by the BRL p-t gages und the indenter gages are presented in Teble
IV. The v-t records were read and interpreted by BRL personnel and
made avallable for thiu report. They are describved in grecter de-
tail in 1TR-1155 (1). Peuwrcduciions of these records are shown in
Pig. 25. ‘Yhe ipdenter gag: pressures listed in Teble IV were ob-
tained by aversging the rusiings of gages in the zlusters described
iu paragraph 6a.
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Table IV. Peak Pressures Recorded in Structures

Range 100Q! < 2y 1500 <«
Psi at Ground Surface ” %'., 18 >I8,§‘ 37 .'P<*--

Main Blast Line 200: (0

Structure and Gage Pressure Gage Pressure Gage Pressure
Gzge Locations (psi) (psi) (psi)
p-t Indenter p-t 1Indenter p-t Indenter

.8 4.6 16.8
.8 28.8 15.8

A TCS k9.9 30
Center of 40.0 22
emplacement

3 TCS *
First modular 38.5 33.
section

11 .6%%x

D Bottom of * 19.8
shaft

Intermediate 15.0 13.4
passage

Center of room 1h4.6 16.8 16.3 16.5

Corner of room 19.3 16.8

5

0

E ICs *

54
Center of * 37.
emplacement

F Center 50 27.1
G TCS T3.T** 19.9
First Modular 37.4 16.6

section

H Center 4L6.8 4.3

* Not recovered or no reccrd.
** Not considered relisble.
**%% Gage mounted in inner modular section. Structure was modified
for use by the Chemical Corps.
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A-1, TCS, 49.9 psi, LOL msec
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A-l, center of emplacement, 40.0 psi, 398 msec

A-2, TCS, 30.8 psi, 22 msec

A-2, center of emplacement, 22.8 psi, L6T msec

]-———-—-—{ 100 msec

Fig. 25. Tracings of p-t gage records.
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A-3, TCS, 16.8 psi, 482 msec
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A-3, center of emplacement, 15.8 psi, 49T msec

FAN

B-1, first modular section, 38.5 psi, 471 msec
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B-2, first modular section, 33.0 psi, 462 nmsec
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D-1, intermediate passage, 15.0 psi, 508 msec

L1 100 msec

Fig. 25. (cont'd)
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Rt ex ot te

D-2, bottom of shaft, 19.8 psi, 673 msec

Z
B
s

D-2, center of room, 16.3 psi, 6T4 msec

—ferT T TN I

F-1, center, 50 psi, 228 msec

P-3, center, 27.1 psl, 546 msec

}-——-—‘I 100 msec

Fig. 25. (cont:a)
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b. Radiation Measurements. The gamma ray and neutron
measurements are presented in Tables V and VI, respzctively. These
results were obtained from ITR-1121, the report for Project 2.7 (3).

¢. Structural Damage. Structural damage veried from
very light damage to complete destruction, and the overpressure ob-
tained at the selected ranges was considered satisfactory to attain
the objectives »f this test. Structures partially or completely
above the ground surface suffered muchk more damage than did those
placed entirely below ground. Structures which were built entirely
gbove grounl were severely damaged by drag forces, and evidence of
the effects of these forces was readily apparent in most of those
structures partially above ground. Table VII summarizZes the demsge ’
to the structures. Tbe efiects of the blast on each structure are
described in detail as follows:

N W NtY 2 s s

AT Shas r

(1) Damage to 7-Ft by 7-Ft Machine Gun Emplacement,
Dimevsion Timber (T1ype A). This structure was located at each
of the ihr2c pressure ranges.

(a) 1000-Ft Range. Although access was possi-
ble through both entrances, this structure was severely
damaged. Fig. 26 and 27 show damage to the right and ;
left entrances, respectively. (Note: To understand such !
directions as rignt, left, and rearward, the reader skould i
assume the observer was facing 5Z.) The front and rear
TCS caps {6-in. by 8-in. by 6i-in. span) were brokea in
every span, and the crnss bracing was pulled from the
posts, and, in several instances, broken. Fig. 28, which
is a photograph of the interior of the TCS looking from
_eft to right, gives some idea of the extent of the dam-
age. The caps failed in a surprising number of ways:

(1) typical bending Tailure (Fig. 29); (2) bending rail-
ure caused by the horizontal component of the loading
(upper left cormer of the photograph in Fig. 28);
(3) horizontal shear through the vertical dimension (end
of the cayp showing in tbe photograph in Fig. 26); and
(4) a splitting or tencien failure in the rear cap over
an interior post vwhich may have been started, initially,
by horizontal shear. The splitting failure was a longi-
tudinal separation of the cap along its vertical dimension
and can be atiributed to two opposing forces: (1) the
rearward force transmitted to the cap by the roof stringer
spikes; and {2) the restraining action of the drift pin

_ which Testened the cap to the post. i

W3 e MR BN W A RO 8y

2 MR TEN

SRR

G

Post ézrmage was limited to ithat shown in
tbe photograph ir Fig. 2B, One post in each entrance was
blown completely cut of position; but as the posts were




A
$

\-' R
S, W adanl, Dk

Y

39

N6 XL Y¥o'ge We'le o' L - TIONES
- .- .- - -~ ¥0' 4 .- WTFIEE
- - - JOo°2e faded mnm - :N\.Ham..ﬁ
- -- - Me'He - ¥°S -- w8/ TrIad
-- -- -- -- -- 66 so(gp
Ummm.ﬂ - - - UmOo.ﬂm - X .JN - 80000 omﬁﬂ e-v
dgee -- - “e - --  cnRIm .- ¥IoNdd  000T =X
§N - - - - o (&b At gl - nozmh ONUOJ” .ﬂ’\ha
NgEe -- -- -- .- .=  *D3aIWM .- TIoNdL 0001 T-X
gee -- .- YIONGd  O0NT 1-a
gE2 - .- -- ~- TIONEI  000T 1-H
ygee - -- -- -- FIONEd  000T T=d
. cdvaTN *dHaTIUM - - TIONGI
ge2 - - - NO'Q - oot > .- 30030  000T T-€
so3XUNL  *ddIuMm el TIoNGd
gee -- -- .- NO* 2k .- ¥042 - soddd  NOOY ™v
ad ON ad . _ .t w62 utrty u92 8
TTEM DXSAIOL __ RuM ooumaqud TOPIHIT s1030839q () ZD  UOTIBOTY
JI00Td 3A0QY 30UBLLTd - Jo woxy =T3a04
3pI8IN0 Spfsul . adAY, 20us38T(Q 30
(1) sBuypesy wumneD odAL

SAUAWBINCESY FUTPTITYS 'suund)

‘A 9Tqey,

Lot bt g LS A SR VIR NN PAY




e s N T eI S BT SIS A RS e L Y RGBT LI s g T CA IS By o MLl A R S I R N LT Y T ——
pasidlcy

L,.m,.
*

K

.
:?

2

§ ofg -~ w6 006 62 m.dm - wqozmm
...,M 3 vmdomw - - - 009 e ‘92 e WG ..H.ﬂﬂﬂh
b7 | - - -- oSl - 9°5e ==  .Q/TPI&d
 : SOt S L oao0
d - - -=  co3qUM == 06> - 80U0D  OOMT

Ay W2 N6 Mg WBE We -- TIONHS

- o - - gbm - - 6-& - 0 \.MSE

uE.mm - - - umw‘b - umm.m - 8010
9L -- 80400  OCHT £-v

-

W L AP o g
1
]
]
t
[
]
f
]
g

) 29T - - - - we  *O3IUM - TIONGS 04Tt =X
5 M9t -- -- -- -- --  cotam - TIoNGS  OSTT Zmr
me G -N. e -~ - - - d8aun. - .aoza Qm.H‘H NQH
m. - -~ ¥%°08IM e gt -- - w3/ TTI4d
&, €2t  G°E2 sx"O3aM  -- £°6E  G°on - TIo88d
b - “e  ¥p°0BXUN == 6€ - w- w8/ TrIad
¥ -- - gxtO3IIN - - 0§ > - 300D
M29T - ww  aex®OB3ITM - o= 00z > - 80q00 04Tt e-a

OLET 06ET 39\

¥9°T 15 0°6¢ -- TIONTA

bt G md - WITISsL
- - -- 000t Gegh .- wS/1TI8d
- -- w=  060T 0% -- w8/T¥Idd
-- - - i€ - 00T .- soa

e %9t -- -- M5~ == 00E> -- sogdd  OSTR 2~
7,
g ad oN ad . 62 __uih 192 uf

TTBM DPIBMIOT M_Souexquy JOTISUY »10209%30 () 2D UOTYRRTS
w.u X00Td aAOqY 3aowestq Jc wex3 -T4204
X SpT8IN0 apreul ad4y, avwe3sTq Jo

m (X) s@urpesy swmred dLy 3

-3 2

A (p.quoo) A arqEL

E

o

iR Ry ey S el ARSI qﬁ%fy.,:&mu\ﬂuu\,, R ] s,




T

R S

¥

gl S
Pt

0
L
J3, TAcA
AN )

b 3,
s X
b
e

.

Kies
At
. SR

*JI0OTJ 9Y3 2A0Q8 ,09 INOQB 1B USHB] 9I3M STHUTPBII ISOUL  ex

*I9A00 WMTYLTT ou ‘Burusdo

Furory ABA 0UBIMUS UL ‘019z punoxd Buyoel JOTXatut ut ‘afped wrtd ISH-SAN =  TIONEL
‘Tejew WMTUITT JO ,T O3 juaTeatnba xepmod E0p21T witn poppequt ‘oBped wW(Td TgH-SEN =  ,TVILL
‘7830w uMTY3IT JO .2/T UITA Poxsacd ‘ofped WITd ISI~gaN = ,3/TTI6d
*Te3aW UMTUITT JO ,,@/T WITA PoI=A00 ‘aBped witd ISH~-SEN = .Q/TTPHEL
* I3 OWTSOP UWLIOJOXOTYD snoxpAyus ‘afusx TINJ ‘adfy L3xugsrcas] = sO(D
*xa1outsop assyud omy ,T-d TeOT108], sdxo) Teotmayd = SOUDD #
A 6Q -- -~ -- - -~ *daxtn - TIONSS oot £-3
A 69 -- -- -- -- - * daaumn - TIONEX oot g-r
M 68 - -- -- -- -- AT - TIONEA ooyt €~1
A 68 -- - -- -- b (4 J0*E cosamm TIONgd o04T ¢-H
M 68 FAT1o) gel 04Tt 042t £°6E gL ~- TIONGL ooYT £-9
A 68 - - - - - ~=  *D3IumM TIONGI  OOHT €-d
M6 -- .- - - s gazun - * Daamn TIONGT 0oHT €=0
ad ON qQd :N..: :mN uith u9% uf
TTBNM PIBMIOI Fop oouerquy XOoTJI2qUl »X0909380  (,) ZO UOT3IBOTT
JOOT4 2A0QY 32Uwlstd Jo WOXF =-13X0%
apTsang 2pTSul ad Ay, souelstd Jo
adAg,

(1) sBurpeay wnurel)

S

(P.2uod) A 3TqEL




Y
1

A
PR YRS

o ;.

YA ey v g

i

L2

€ToTXTL 2 - TT0T*96°6 -- oTOTX%6 ‘L - n
C HOH%ON *L - -- -- HHOHXM ¢ W - dn
:HOHXNN T - A -O.me# ) == .H.HO.HKm h° t - Ng
gTOTX6E 2 ¢0TXTL'T  ¢(0TXL0'2  ZOTXL'L  (OTXL0'L -- ny 04Tt e-v
m ) - - - oagurt -— S
m”modc.m 3 - - - dasun - ny 0001 T=4
| ~ -- -- - TTOTXE* S - s
TTOTXLS € -- -~ -- 2107988 -- ny 000T -0
~ - - - o3xIUMm - S
w!.ho.mﬁ.m € - - - daxun -- ny 00CT I
daqum - oaxum vaaum - S
£0TXLS ¢ daxuNn - oaIum oaxmm - ny 000T -a
.~ - _ -—- -- saIum omnn.s ED g
m\.modﬂ.m ¢ - - oagun daJun daaun ny 000T T-H
v ‘. - - oaaun oagun daaun e
Hoﬁ.ﬂm 'c - - daJun oaaum osxun ny 000T T4
i oagun oaxum oaIum oaaum -- g _
$0Tx 6 T oaxun oagun oaamm oaamm - ny 000T T~
-
- ﬁ\ . SaJum daxum oaJgua faImm - S
€10Tx LG T daaun dasum oaJIum dazun - ny 000T T-V
:N-..; ):mN -—:.: -QN _-w
f{8M souwsaquqg JOTISUT («) zn wuota®OTS ‘
JOOTd 9A0QY aouelsT( J0h09%9( woxF  ~TAX04 ”
aPTISIND ayTsul Jo =dAg aoue) Jo
(zwo/aneu) XNTJ UOINaN -81d adAy

SjuswaIngwal FUTPTITYS UOINBN *TA STqBL

. . ‘ s DA 34 S p 3
- re s 7 P 7y T N 5 97 VORs 5
e P D o e oy v i g S8 et A .,..vm}n.z.hw : & A% %

. . .
< . X »

% a



RIN |
o
1
X
b || - . =" 5
| 2 FNeet T womosE - gmmere .- g
| oot T ompe L oEmGy T
) ETOTXM2'T  o10TXLh g Z7OTXOL'gG ZTOTXGL e -0Tx9T € - ny oont E-v
b N - - -
a2 A . - - - w
.u m cTOTXEE 2 -- - ETOTXOE T - ny 0STT e-x
; f%w s - - oal
. .‘- - - g - m
wuw | cTOTX6E 2 -- -- oaaun .- ny 05Tt e-r
o | -
H - . o - o osamm - 8
u," cTOTX6L 2 -- -~ -~ daxm - ny 06T eI
o,m.m - — Lo | e o g e . - s
g oTXTL 2 Z0TXE6° 4 - - g : -
4 fovoe O T emwr -
3 qTOT¥e2 T 1, 0T¥ge T - e 60TX96 T -- ng
gTOT®E 2 (0T*Q9" ¢ .- EOTXHT T cOTXG9' 4 - ny 04TT e~a
B o geme - . 0 D 2
£ ) =T == == == - dy
oTx2z T -- oT¥6.* . -- .
i . . TT g  Q0TXTH'9 -~ nd
€T0TX6E 2 {0TXR6'2 gTOTXCO'E  HrOTXET'S  orOTXSE 4 - ny 04TY e-d ;
b
-- S 0STT 2~V _
. e w, ..N‘Mﬁz wogkpwmm -j :mN :m
Ly o JoTI93uT (1) 20 wvorymwory ._
5 T 14 2A0Qy douw3sStq 10309320  woxy  ~-yqJg04
., LS sprsur . Jo adLy sowmey Jo
o (Zuo/ansu) xnTJ uoanoN -57q  odAg
- {P.3300) 1A aTquy

i it s s Py PR " ;
AT Kiiw T 4 BTG o At Sa e o s -
- S - . . >y x SUBREASIO L s e N Gr e vvkee syt d & P SR TR T ELASRETBEOS,
.

stud 1O N NI N e N B b gt LIS AL AT
.. L . ’ c.. - -



L

e -

IR DG G Ty T
Sl XarddELE

ST s
- i s

>

3T gy

v
¥
e

2 .

T
o e 20

-~ -- - .- g
CTOTXHE T -- - .- 2TOTXTH" G -- nv oo £~
- ar - - - Ogg .- w
cToTXHS T .- -- - oaatm -- ny 004t g-r
- - -- - - w .
£roTXH2 T -- .- -- 1OT*¥90° T - ny oot $-1
- - .“ vaxum o
‘eT0TXN2' T -- - ZrOTXT' T Z0TX92'T  vaxun ny aoqT £-d
- -
- m
T*02° T ~- "OTOTXE '€ Y -- Saxun - n
pi S -
g TOTXO0E * 6 -- TT0TXT6°2 -- da3xum - nd
COTRNE'T  ZOTX6Q'T  ZOTXLY'T  oOTXEH'T  0T6°T - ny C £-0
f N .- - oaxun saxum s9atm 8
m.moaxzm.a.. -- - daarm oaIum  dITUM wy ooHT €~
- -~ daJum - daJun ng
.maﬂodn:m.d - - 2axun - oaxun ny 00T €=-0
- 8
TY0TX0R'T T == T GrOTXg2’t e 40rxeg’ & .- n
c1oTX0C € - -- -- - .- dn
€T0TX0E " -- rOT*LiT 2 -- goTXIM" 2 - nd
£TOTXH2'T  ZOTX6T T {OTXLL'6 €OT*g6' 1 £0Tx¥9L° T .- nw ooHT t-d
WK 462 utih u9e w8
Aapm S0UBIYUH JIOTIS3UT (,) 20 uoY280Ty
00T 9A0QY oon.wa.m.ni@] J0300ns] UOXL wT2.I04
ap19IN0 apyeuT Jo &AL eouwy Jo

{owo/3nau) XnTd uoXINaN

~810 adA],

B Y 4

(p,3u0d) TA ATQEL

"l

AL &ty GTIEANY S RPN

BB AR wNNRAGT WA R Pt OB RSN




B SRS ST N U e o R . s diaiein
< PO v R L W g SN . - . TAe V™ e
":‘h" 3 a7 R T _;ze'?.sgw- AT T e el TR G BRI Y S i

—-———

e h el Tt s

1 d 3 hs
i “.' & Table VII. Summary of Stcuctural Damage
of Digtance Dapage Remarks
Forti- from
fication GZ (')
A-1 1000 Structure almost tetally de- Not repairadle,
3 stroyed. TCS caps broken in
every span. Emplacement roof
and caps displaced rearward
arproxiinately k*. Structure
’ leaning rearward approximately
3'. Numerous joint failures.
{
: B-1 1000  No majar damsge. En‘rance 2/3 Repairs possible

filied with dirt. Steathing ard practiceble.
at doorway blown into struc-
ture. Fosts, caps, and roof
stringers stvucturally sound.

C-l. 1000 Structure biown away. Rot rspairable.
D-1 X Both entrancer severvely dam- Not repgirable.,
uged. A1l caps falied. No

rost dauage.
E-1 1000 Jompletely collepsed. Many Not repairable.

A PAREETE TR EE b AN AR ¥ AT Y G TAMIAS I ¢ Y TAT W8 &

‘broken iimbers,

F-1 1000 Cor:ugated metal coilapsed Not repairable.
rearvard over emplacement.
2 Emplacswment £illed with dirt.

sneliter. Arch pushed inward hazard.

aprroximately 1' on GZ side,
Entrance filled with dirt.

: G-1 1000  Entrance 2/3 £illed with Minor repairs
E dirt. §Htructure in exeeilent necessary.
é condition.
H-1 1000 Completely collspsed. Fot repairable.
Excavetion filled with dirt.
K I-1 3OO0  Entrance works blosn into Terrific missile
g shelter. Xo noticeable arch hazard.
- Gefisction. Eatrsnce filled
% with @irt.
§ J-1 1000 Lranee Worxs blown into Tarrific missile
§
2
B
S
E
£
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Table VII (cont'd)

Type

cf Distance Damage Remarks
Forti- from
fication Gz ('}

K-1 1000 Entrance deors blown into Terrific missile
shelter. End bulkhead pushed bhazard.
into shelter approximately
i8". Approximately 1" perma-
nent arch deflection.

A-2 1150 Major damage but fewer timber Repairs pocsidle
failures than in A-l. Ope but impracticable.
spen of TCS cap broken. Fir-
ing ports and aprons destroyed.

Structure leaning rearward
approximately 1!'. Roof string-
ers and caps removed from cm-
placement posts. Joint
failures.

B-Z 1150 Similar to B-1 damage. Repairs possible
Sheathing at doorway blown and practicable.
into structure.

c-2 1150 Structure blown awvay. Not repairable.

D-2 1150 Damage apout the same as D-1. Not repairable.
Cap fractures met so bud as
those in D-1.

E-2 1150 Entirs struct.ire scverely Repairs possible
damaged, Tbree posts brokon. but impractiicable.
One TCS cap splintersd. TCS
roof moved rearward about 2'.

Emplacement stringers removed.

1-2 1150 Same as I-l. Terrific nissile

hazard.

J-2 1150 Same as J-1 except no arch Terrifiz missile
damage. hazaxd.

¥.2 1150 Ectrance doors blown into Terrific missile

shelter. End bulkhezad pushad

inio shelter approximately 8".

Ro arch dsmage.

hazard,
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Table VII (cont'd)

k7

of Distance Damnge Rerarks
Forti- from
Tication GZ (')

A-3 1L00  Right entrance comstricted by KRepairs possible
collarse of rear TCS wall. and practicable.
One span of TCS cap broken.

Emplacement in relatively good
condition. Entire structure
leaning rcarward about L.

B-2 100 Structure modified ard Repairs possible
equipped with blast door for and practicavle.
use by Chemical Corps. Doorvr
removed by blast. Portions
of diffusion board camaged.

Negligible damage to besic
structure.

c-3 1400 Structure blown away. Not repairable.

E-3 1400 Superficial damage. Minor repair

necessary.

F-3 1400 Corrugated metal collapsed Not repairable.
rearwvard over emplacement.

Emplacement half filled with
dirt.

G-3 1400 Entrance 2/3 filled with Minor repairs
dirt. One post pushed inward mnecessary.
by lateral earth pressure.

Ne cap failure,

B-3 1400 Structural damege througkbout. WNet repeirable.
Partially blown away.

I-3 1400  Same as I-1. Terrific missile

hazard.

J-3 1400  Same as J-2. Terrific missile

hazard.

K-3 1400  Same as K-2 =2xc=pt end bulk-  Terrific missile

head dameged less.

hazard.
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not broken, this damage 1s considered to be Jjoint failure.
Joint failure was noticeable throughout the structures.
No roof stringer failures occurred.

Damage to the corrugated metal sheathing
on the rear wall of the entranze trench was severe, but
it is beldeved that much of thlis damage was caused as a
result of timber Jjoint failures.

The emplacement proper suffered danage
ccmparable to that of the trench cover section with the
exception that the caps did not fail. Instead, they were
forced from the posts with roof stringers intact and
moved rearward approximately 4 f£t. Fig. 30 is a2 photo-
graph of the damaged right wall cof the emplacement which
collapsed rearward. The left wall, having added strengta
because of the firing port member, was not dzmsaged as
thoroughly as the right. WNo post failures occurred in
the emplacemsnt. Both firing ports were Gestroyed and
the aprons were blown about 25 £t to the rear.

About 3% ft of earth cover remained over
the trench cover section. A more uniform covering would
have resulted, but displacement snd structural failure of
timbers permitted the powdery cover material to fall into
the structure. The emplacement proper was approximately
two-thirds filled.

(v) 13i50-Ft Range. Damsge to the Typs A struc-
ture at this range was similar to the damage at the 1000-
ft range; however, severe damage was noticeably less and
more localized. Figs. 31 and 32 show damege tc the right
and left entrances, respectively, arnd Fig. 33 is a view of
the interior of the trench cover sectior looking toward
the badly damaged right entrance which was approximately
one~half filled with cover and backfill material. Only
one cap failed in the entire structure. This was a bead-
ing failure of the right fromt span. The only post fail-
ure, apperently a bending feilure, is shown in Fig. 3k
which is a photograph of the leit rear wall of the trench
cover section.

Damage tc the emplacement. proper is shown
in Figs. 35 and 36. The caps and roof stringevs were pot
moved to the extent they wers at the 1000-ft range. Dis-
placement was approximately 1 f't to the left rear. Tobis
displacement caused zbout 2 cu yd of earth cover to fall
into the sisuvcture. Both firing ports and the sprons
were destroyed. Fig. 37, a view of the structure looking
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toward the apronms, shows the over-zll damage to the earth
cover as well as the susceptibleness to blast of the sand-
bags used at the entrance and firing ports.

- 3 (c) 140O-Ft Range. Significant structural dem-
o 4 age at 1400 ft was confined to the right side of the
3 . trench cover section (Fig. 38). The right entrance was
g constricted by the collapse of the rear wall, apparently
- as a consequence of post-to-cap joint failure, but the
left entrance was in relatively good condition (Fig. 39).
Fig. 40 is a photograph of the right rear wall taken from
inside the trench cover section. This same Tigure shows
the only broken cap which was opposite the collzpsed rear
wall. Fig. 41 is a closeup of this cap failure. The en-
tire structure was out of plumb about 4 in., and as a re-
sult, early stages of joint failure were evident. (Note
the loosened scabbing in Fig. 40 and the cap in Fig. 42
which was raised off the post about 1 in. by the diagonal
brace. Fig. 43 shows a portion of the two walls which
contain the firing ports. Two firing port members, one
in each wall, were canted slightly from the effects of
the blast within the structure. One end of each lower
apron stringer was loosened; otherwise, the aprons were
undamaged. Only a small amount of cover raterial obstruct-
ed the fields of fire.
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{2) Damage to 8-Ft by 12-Ft Modular Shelter, Dimen-
sion Timber (Type B). Structural damage to the three Type B
structures did not vary significantly at the different ranges.
As & result of caving of the eptrance ramp walls and cover ma-
terial, the ertrances into the trench cover sectious were par-
tially filled with earth, thereby decreasing the clear height
to spproximately 2k in. Figs. bl through 46 show the entrance
damage al the three ranges. Fig. 47 shows the entrance to B-1
irom inside the trench cover section. This was representative
of the condition of the entrances at all three ranges,

The principal damage to B-l and B-2 wes to the
exposed section of wall at the doorway into the shelter proper.
Failure of the door stud allowed ihe sheathing to be blown in-
ward. Although the same repzir problems were presented at
both ranges, the damage at 1150 ft was not so severe as that
vhich occurred at 1000 ft. Figs. 48 and 49 show the damaged
well in B-1. The wood sheathing on B-1l was forced outward + to
1 in. from the posts on &ll but opne side of the shelter. In-
spection revealed that the rcof had not raiced. The modular
structure at the 1400-ft range wes modified +¢ permit the Chem~
ical Coxps to evaluate CBR protection afforded by diffusion
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board lining in this type of shelter.l The modifications con-
sisted of a blast door and baffle wall installed to protect

the diffusion board Irom blast pressures. Damage incurred by
this structure consisted of the removal of tue blast door (Fig.
50) and destruction of portions of the diffusion board lirer.
Damage to the basic shelters and entrsnce trench was negligidle.

(3) Damege to 7-Ft by 7-Ft Machine Gun Emplacement,
Notched Dimensior Timber (Type C). Little can be said for the
Type C structures other thaa thal they were completely destroyed
by being blown away. Figs. 51 through 53 show the remains of
the structures. (Note the scattered, broken timbers in the back-
ground in Fig. 53.)

(4) Damage to 9-Ft by 20-Ft Underground Shelter,
Dimension Timber (Type D). Damage to the two Type D structures
was so nearly the same that a consolidated description of the
damage will suffice. Because of entry difficulties and the al-
most identical damage, it was decided that pbotographs of the
damage inside of both structures would not be necessary; there-
fore, interior photographs were made of D-1 only.

Before entering D-1 it was appsrent from the
sunken condition of the ground surface that the structure nad
been damaged. A dishk-shaped depression, approximately 2 ft
deep, was observed in the ground over the D-1 structure; the
depression was orly approximately 1 ft deep over the D-2 struc-
ture. A brief examination of the vertical entrance shafts to
both structures revealed that they were severely damsged and
the trap-door-type entrance coverings destroyed. No pert of
the doors could be identified in the debris aht the bottom of
the shafts; and, although a hinge from one of the doors was
found 1400 ft from ground zero, this is not felt to be suffi-
cient evidence from vhich to determine how the doors responded.
Most of the damage to the entrance shafts appeared to have been
caused as a result of lateral pressure exerted by the backfill
material against the sheathing which, in turn, pushed the braces
and spreaders into the shafts, thus promoting severe displace-
ment or failure of the L-in. by 4-in. corner posts. In all in-
stances, the upper halves of the shafts were badly damaged.
Damage 10 twc of the entrances was such as 4o allow considera-
ble quantities of backfill material to fall into ttee shafts.
Subsequent sluffing of the earth at one entrance almost sealed
off a horizontal passage in the D-2 structure. The access lad-
ders, which had been constructzd on the front walls of the
shafts, were completely destroyed. Figs. S4 through 57 show
the demaged entrance shafts.

.
|
1

B. H. Engquist, Evaluation of CER Protective Shelter, Project
40,14, Operation TEAPOF, 15955, cited ir (3) in Bibiiography.
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An inspection of the interior of the stiructures
revealed that all 6-in. by 6-in. caps in the passages and ail
8-in. by 10-in. caps in the 9-ft by 20-ft rooms were broken.

N No failures other than bending failures were noted. All of
. the 8-in. by 10-in. caps and several of the 6-in. by 6-in.
i caps ir the D-1 structuie were completely separated at the

C s fractures, whereas, in the D-2 structure the fractures were

K not so severe. Figs. 58 and 59 show the broken caps in the
room and the right entrance passage, respectively.

AN TR

NI : A1l of the 2-in. by 6-in. roofing in the en-
j trance passages of D-1 failed (Fig. 59) except that in the
R - 3 outer passage at the junction of the connecting passage. At
this Junction, crossed, double roofing was used, and po fail-
ures occurred in either structure, The only roofing failures
in D~2 vere over the blast pocket at the ends of the two outer
passages. Here, the roofing span was only 2 ft, 6-in. less
) than another span which did not fail. The 2-ft span, however,
S was simply supgorted, and the longer span was continuous thiough
¥ two spans of 25 and 2 ft. A brief investigation of the spans
revealed that the extreme fiber stress in bending, from unit
loading, would be greater in the 2-ft simply supported spen.
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Fig. 60 is a photograph of the 8-in. by 8-in.
posts in the front well of D-1l. No damege to posts was in-
curred in either structure other than the crushing effect of
the sagging caps on the inside top edges. If the posts were
out of plumb it was not perceptible. The 6-in. by 6-in. pass-
age posts were not damaged in either structure; they also ap-
peared to be plumb,

Several pieces of scabbing were split by the
sagging caps in the main room of the svructures; however, the
scabbing did not fail to carry out the purpose for which it
was interded. Little or no horizontal movement of the caps
oceurred. a

The only sheathing damage of any significance,
other than that in the entrance shafts, was in the blast pock=-
ets. The sheathing across the ends of the blast pockets, &
3-ft span, was bulged inward considerably on both structures,
but in only the left blast pocket of the D-1 structure was it
bulged sufficiently to allow the dry, noncohesive, backfill ma-
terial to enter the structure. The funneling of this material
into the structure caused a cavity on the outside vhich eventu-
ally reached ground surface. In the center background of Fig.
55 can be seen & cavity that was formed as a result of tke
failure of the 8-in. by 10-in, cap et the entrance to the room.
Toe failure of this cap combineé with the lateral earth pressure
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teuged an ioward displacement of one of the sheathing nailing o
8t at the entrance, thereby forming an opening through
: which backfill material flowed into the structure. Inspection '
revealed that blast had not caused any dirsct dormzage to the Ee
i flooring in either of the structurss; and indications were Y]
that the footings were not damaged in any way. E:
(5} Demage to 7-Ft by 7-Ft Machine Gun Emplacement,

Round Timber (Type E). The round timber machine gun emplace-
ments, which were oriented and constructed in a manrer similar

tc the dimension timber machine gun emplacements, suffered more E:
damage at the 1000- and 1150-ft ranges than did the dimension 2 |
timber emplacements. Damage a% the 1L00-ft racge was compara- .
ble to that inflicted on the dimension timber structure at this ‘
range. A description of the damage follows:

{(a) 1000-Ft Range. The emplacement at this
range was incapable of even partially withstandirg the
effects of the blast. Destruction was complete and in no l
way localized. Some Jdea of the extent of damage can be

obtained from Fig. 61.

(b) 1150-Ft Range. Damage to the structure at
this range was in excess of that caused to the dimensicn

timber emplacement at the seme range; :n fact, it was
comparable to taet inflicted on the dimepnsion timber em-
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3 placement at the 1000-ft range. Damage 40 the right and
= left entrance is showa in Figs. 62 and &3, respectively.

i ,_ Perhaps the most impressive damage caused to any of the 2
4 structures is the two broken posts shown in Fig. 64 which f:
H is a riew from right to left through the entrance trench. 3

This damage is indicative or the loads transmitted from ¢
the forward wall {o the rear wall of the entrance trench j 3
by the spreaders between tke posts. The front cap in tke pe
entrance trench was badly shattered (Fig. 65); and, al- E;
though the rear cap 2did oot fuil, it was moved rearvard &
epprerimately 3 £5. The roof was completely removed from
the emplacement proper (Fig. 66). Post displacement in ié
the emp.acement was negligibie as compared to the displace- 2
ment of the pcste in the dimension timber emplacement. The =
enplacement was approximately two~thirds fillea with cover E

material,

| (c) 2kCO-Ft R . The log machine gun emplsce-
ment at thic rauge suffered only light damege throughout.
Ko faiiures occurred to critical members. Fige. 57 and S8

show the demnge to fae right and left entrances, respec-
tivsly. wall Lembers {posts and c-oscbraciag) in the en-

trance trench withstood the effects of the blast well.
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The only noticeable displucement in this styuctrre was
approximately a 2-in. rearward movement of cne cnd of the
rear cap (Fig. 68). Orly one skeathing feilure occurred
.n the entrance trench, nanely, the one in the rear wall
and adjacent to the side firing port aproc. Otuer sheath
ing, although bulged inward, was effective in hollding the
hackfill material. Except for sewverely huiged sheathing
ud one wall, the emplacedent prnper -/s3 not daraged (Nig.
99)., Fig. T0 i¢ an over-a.l view of the structure whizk
sicvs the general condition of the cuver material and the
fiiing port aprons.

(6) %g to 5-Ft Diameter Corcugated Metsl Arch

F). Little diiference vas noted in the amcunt of damage
to the two emplacesents. At doth the 1000~ and 1400-1'%t rauges,
“ae cnrrugated metal arches were {lattenci rearwerd nver the
excavated portion of the emnlacements (Figs. T1 amd 72). The
corrugatcd metal culverts usel to revet the walls of the excs-
vations were not daseged significenily; however, the evzava-
tions were over one-half filled with cover material vwhicL
enicred through the parted sections of the flettened overhzad
=alvart.

(7) Demage to 8-Ft by 12-Ft Modular qhelteré_’%nnu
Timber Lﬂml Approximately tie same damage wag so{l.cted
on he euirances tn both structurez, namely, caving ol entrance
ramp willi and entrance cover meterial (Figs. 73 and 7). The
entrance timbers to neither structure wire darmsged exccpt for
the remcval of & roof stringer. Structural damsge te G-l #as
nonexistent; whereas, lateral earth pressure on &an exiwriar
wall bent of G~3 forced the upper end of the center yoet in-
ward approximately 18 in. (Fig. 75;. ZExaminstion of tve post
ravealed that the drift pin had not deen centered snd that the
plu-chaped segment of the post splic along well-defined cheiks
in tae wood. No otber damage resulted because of the failwre
of ixis post. As the sheathing waz omiti=d a% ke left of tan
doorway, the outer modular section wes not Jdamaged os wes the
éizonys < timber structure. The corruggted metul shuathiog,
vhiclk wer used throughout this type shelter, wns bulgsd laward
more or the entrance trench than oo the sdular cections; but,
ag ¢ «hnle, it was in good copdition.

(3) Damage to 9-Ft Diameter, Prefadricated Plywood

Dome H). Tue piywood dome at the 1000-TEt :adius WAf &A=
stanyrd keychl recogoitiorn a3 the excavation was £21lcd with

airt. Fig, T6 is a view, looking toward Z, of the remains cI
the enplucesent. At the 1w0-7t raage, Appriximately one-third
of the dome was destroyed. ™oe YCmeyning tnu<urirdn 8 intack
but severely Casagrd (Fig. T7). ‘The portion tiat vas desTzoyal
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contained the firing port and faced away from GZ. Failure of
the laminated ribs and the sole plate were no*:d throughout
the structure. Almost all these railures vccurred at a Joiut
in the lamination (Fig. 78). The firing port aprca ou both
structures was blown rearward and destroyed. Ali of the 6-*i.
dy 6-in. roof stringers on the simple, crawl-type entrauce to
tke H-1 structure were broken, whereas on H-3 cnly ‘tre stringer
supporting ~hat portion of the dome that spanned the entrance
trench was brokea.
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(9) Damage to Sixth Army Structures (Types I, J,
and K). From the stardpoint o arcr. failure these structures
witnstocd the dlast pressure well; however, entrance damage
to, 811 structures was severe, Arch damage occurred in only
twec structures. The worst was a 1-t depression iu the G2
side of J-1, while in K-1, the 6-in. by H-in. timber spreader
war konocked cut and the top of the arch was depressed approxi-
mately 1 inch. No other rermaneut arch deflections were ncted.
The mosi significart damage to these structures was tbe failare
of the eatrance bulkhesds anl doors. All or part of the en-
trance works in every structure were blown inwerd and in most
ctructures against the opposite wall. The enirance excavatious
containes cousiderable amounts of loose soil, most of which had
been cover material, and two of the entrance ayches were cov-
ered when examined. The bulkkeads in the rear ot the I and J
structures withstood tke pressure transmitied by the backfill
material; however, the metal docis opposite the entrance on
K-1 on3 K-2 were forced inwerd cpproximately 18 and 8 in., re-
spectively. TFigs. T6 through 82 show damage to the Sixth Army
structures.

ITYI. DISCUSSIGN

& considers}tle amount of valusblie ianformation was obtained
from this test, Ultimately, the data cbtailned should provide a
basis {or new designs as well ss wolifications to present d=signs.
Furthermore, the test will be 8 source of data for improvemrnts in
construction technigues, utilivation »f construction materials, and
copnepts of tacticzl emplioyment.

Although overgpreisires werc generelly higher thcr intendea,
that is, as much &s 70 percent at the 1400-ft rsrge, thig condition
vas pov detrimental ¢ the succesyg of the test. For the group of
structures ar a whole, a finite bracket on blast (and proapt rcdie-
sioL) damage was obtained, supported by several {imswuuces of pro-
gressive fallure over the three ranges. A milder effects level
would bave csuwxed lec3 3smege 2od made discrimination of the degree
vy Qamage more diffieult, parti. larly “etueen the 1150- and 14CO-
ft ranges.
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8. Air Blast Evaluation. The v . ‘surz deta reccorded in ths
stroctures must, be accepted with cautioa. 1the geges merxformed as
well as could be expected; but, if one crusidsrs the cenditiors
under vwhich xome data were recorded (high dust coacentration snd
flying debiis), much data would be termed suspeci. More gage ~oca-
tions and duplization of gages et locations would have jruvided
more confirmed pressure éata. ‘The p-t gage recovdings (Fig. 25)
show several malfvmections. The gage in E+X and HR-3 recorded Q peak
pressure but failed to record pressure as time passed. (Records
from these gages were not legible, and uc treovings were made icr
inclusica in the figure.) It ic apparent that the p~% record.ug
obtaiued in P-1 is incorrect. The positive phasw duratiom wag only
228 msec as compered to S46 msec ir F-3. ‘fhis shurt dw '-ion was
probably caused by dirt clogg ng the pressuie orifice, an ocousrence
vhicn was likely, considering the pocition of the gage. 3ome shock
wave sxrrival time data in the structurss was obtelned ard exumined,
but the precision with wailch the p-t gages measured the arrival time
was not sufficiently accurate for woking valid comparisons. Many of
the indenter gage discs registercd wultiple indentations, some of
viich were distorted. Any deviation from a gingle, uniform indentu-
tion mekes interpretation of recovds more difficuwli, and, corseguent-
ly, causes more scatter in the final dats. Of all ‘he emplacements
instrumented, the shelters (Types B, D, ard G) probably vrovided the
most 1eliable data. The amount of deta obtaineG in Types B and G
provided only limited comparisons of precswre between structucees;
however, no evidence indicated that the data obtain.i were nct of
the right magnitude. The indanier and D-t gage measurements compare
favorably in both Type D Structures, witk the indenter gsges regis-
tering sligutly higher pressures. The indenter gayges mounted in A-2
rezorded pressure 25 to 33 percent higaer iasn did the p-t gages.
The ircenter gages in E-? recorded pressure approximarnely 30 percent
higher than did the indenter gages in A~2, and the indcoter gage
nesaurements obtained in E-3 were approximately twicz the p-t grge
readings in A-3. The difference between indenter gage veadlogs and
p~t gage readings can be attributed to several factors 4n’ca can be
considered as acting indepr dently or in combination. Among these
factors would be the reliative sensitivity to shortv dquration reflest-
ed pressures, the relative sensitivity %o acceleration npulsec, And
other differences in the physical characteristics of {wo types of

2eges.

Records show that intcriors of structures which were reia-
tively open were subjected to pressures of approximsiely the same
magnitude rise time, and duration 4s recorlded oz the outside.
Structures with limited sccess (Types B, D, ond G) sbowed conulders-
pla modificatior of the stape ot the blost wave whaick reached their
interiors. S$Significani reductions ol pegk overpressures ocenrred.
The longest rise times and grewiezst presswrs ceductions were ch-
served in the D structures waich rad tke smellest opsnings cizparsi
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to internai volume. Iong rice times are significant.. Accordiusg tc
White in his report on biolugical effects of blast (9), from the
staudpoint of casualties, it is important to consider the rate of
pressure rise ac well as peak overpressure.

9. Nuclear Radiation Evaluation. Radiation measursments
taken inside Type A revealed that, although the structure withriocod
external precsures of 37 psi, both the gamna and neutron doses fax

3 exceeded lethal values, being about 2600 1 and 1000 rem, respective-
o ly. If an atienuation factor is defined as the internal dose divid-
I - ed by the externel dose, and the meesurements made with no lithiium
Mot shielding ¢n the film badges are used for determining gamma attenua-
. tion, and the measurements made with gold detectors are used for de-
' termining neutron attenuation, limited data reveal that the Type A
structure provides an attenuation factor of about 0.063 tc gamma
radiation and ebout 0.280 to peutroms. Thus, it is clearly pointed
out tkat when weapons of kiloton ylelds are used, protection trom
overpressure cunnot be considered as the scle parameter for deter-
miniug the protection afforded by structures. However, when weapons
of megaton ylelds are employed, the nuclear radiation at the distance
to which 37 psi extends would probzbly be irvsignificant, and over-
Cg pressure would be the predominant factor for determiniag the d=grec
.e.f‘ : of proteciion obtained.
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R - Type £ structure afforded good orctection from puclear
- G radiation although significant doses, approximately 100 vem frcm
' gamra. rays plus neutrorz, were recorded inside the structure at the

3 1150-ft range. The attenuation fuctors for Type B were about 0.001
R for garma radistion and varied trom 0.002 to 0.0002 for neutrons.
Typ=z G structure, which was a fuplicate of Type B except that i
was consirucied of logs instead of ¢imension timbers, displayed the
scme ckaracteristics as to nuclear radiationse. Its attemnuation
faclors were measured as (.00l for both gamma radiation and aeutrons.

LaKio? o gt va it Lokl bor rg

The Type D struciure permitted 150 rem total dose of gamna
radiation and neutrons to be recorded on the inside at a rznge of
1159 £t. TIts attenuation facturs were 0.001 for gamns radiaion and
0.0001 for neutrons. In Types ¥ and H, the instrumeats were not ra-
ccvered, Tecaus:2 both structurts were severely damaged by the blast
precssiares, Conseguently, no sttenuation factors can be presented
for thogse iypes. fThe factors Zfor Types I, J, and K were spproximate-
1y 0.002, 0.2, and 9.5, respectively.

10. Structurzl Damage Evei. tiuvn. The results shuw that the
degree of ciruntural damage d= 38r ‘s largely on the elevation of the
structure in reiatiun to growna surface. Accordingly. the struc-
tures cau be classified as (1) surface, thet is, structures located
on grovnd swsce; (2) semisurface, that is, structures locsted
partially above ground surface; and (2) subsurface, that is, struc-
tures iocated totally delow grouni surface.
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e. Surface Structures {Types C and F). Damage to these
structures indicates that any pre-'ical surface fortification would
probably have been severely damaged at these test locations. At
al1 ranges these structures were s@»nsitive to drag. The C structure
was almost completely removed, even at the 1400-ft range, and the
overpressure at wkich it would have survived cannot be determined.
The F structure, vhich was flatiened rearward at botk locations,
afforded only little more protection than did Type C. Survival
would not have been possible in C and probably not in F. Test re-
sults on Type F do not mecessarily give a true indication of the
performance that can be expected of a partially buried corrugated
metal arch structure designed as a machine gun emplacement and
should not serve to obviate further work on structures of this type.
As a fighting emplacement, the corrugated metal structure still
possesses a definite potential whirkh can be exploited more fully by
reducing the hei~ht of the arch above ground surface as much as pos-
sible and thus less~ning the cross-sectional area exposed to drag.

- e SR SV AT s S e AR

b. Semisurface Structures (Types A, E, and H). In gen-
eral, the A and E structures showed comparable damage from the blast
at the 1L00-f. range, but the E structures at . he 1000- and 1150-ft
ranges showed more damage., Structi~ 2l damage to both types of
structures at the 1000~ and 1150-ft ranges was sufficient to have
made casualties of any occupants. It would not have been possible
to repair either of the structures at the 1000-ft range: and, al-
though repsirs to both structures at 1150 ft would huve becn possi-
ble, they would not have been practicable. Bcth structures at this
location, however, were still capable of arfording & limited amcunt
of protection from the hazards of conventional warfare gnd could
Lave beer remanned for an expected assault after cilearing some de-
bris., [t is urlikely that serious casualties would have resulted
from flying debris in either A-3 or E-3, and both structures could
have been repaired with no great amount of difficulty. It would
not have been necessary to make repeirs in either of these struc-
tures immediately. The corments in this paragraph regarding casuel-

- ties caused by structural failures have been made simply to nonvey
0 the reader additional information as to the seriousress or extent
of damage. The prvessures recorded ln these structures were suffi-
ciently high to cause serious bodily injury, ard measured prompt
radiation was well into the lethal range.

W P

Seversl points regarding worthwhile desig. changes
vere noted az a result of well-defined progressive failures obtained
between ranges for both the A and E structures. Most aotable of
these is perhaps the spreader arrangement between the walls of the
entrance trench. From Fig. 10 it can be seen that the spreaders
vere located between and at the top of the capsc, aed it i, lelieved
that many of the Jjoint failures or separations can be traced to this
arrangenment. The lateral forces imparted to thz ground zero side of

A IR BT e A

P S R




>
2

T

&

L

5

i

E

]

. X
{

24

5

3
B

3R
N
=

= < Iy
. A T g o,
e AR 2 RN~ X,

T RS TS A NPy P

58

the entrance trench by the shocx wave and the ensuing drag forcas ;
would be transmitted to the cpposite wall of the trench by the
spreaders and to a lesser extent by the roof stringers. Thus, !
forces which caused a moment type loading in the post were trens- :
mitted not directly by the spreader but by meang of the drift pin
and scabbing which connacted the cap to the post. Sr<u trunsmis-
sion is conducive to joint separation. Figs. 27, 31, 32, and 38

in the appendix show damage believed to have been influenced by

this wedging aciion of the spreader between the caps. Figs. 28,

30, and 4O show several stages ot joint separation of intericr
joints. {Note the damsged post in Fig. 28 vhich is believed to

hsve been caused by the scabbing, ctown in korizontal position on
the adjacent post, overriding the post.) Because unly oversized
spreaders were available for the B structures, more of 2he load was
transwitted directly to the posts by the spreaders, and the resuli-
ing danage differed somewhat from that of the A structures. Figs.
62, 63, and 68 show damage zimilax to that of the A ztructures, dut
the effects of the oversized spreader can be noted, especielly in
Fig. 68. 1s evidenced by Fig. 64 broken posts can be expectsd when
larger, lovered spresders are uszd. The aforementioned post and
cap-to-post joiat failures tend to point out the necessity for low-
erirg the entrance trench in r-olation to ground surface, thus mini-
mizing the effect of drag forces. 1f this were accomplisied, »rob-
ably po precise elevatiun for the entrence trench in relation to

the emplacement proper would exist, If the entrance trernch were
constructed fiush with the surface of the ground its elevetion relu-
tive to the emplacemsnt wourlid be dependent on the siope of tae
ground. It shoald be rewembered that the machine gun egplecements
in this test were exposed on flat, desert ground aué vere probadbly
damaged more then they would have been if comstructea on average,
rolling terrain and exposed to the same burst. Greater damage to
the £ structures can by no means be atiributed solely to s differ-
ence of materisls or slight veriations Jn design. Much of the dam-
age can ve attributed to the E structures extending aprroximately
36 in. above ground surface, cover excluded, as compared to approxi-
mately 26 in. for the A structures. The aGditional height increased
congiderably the cross-sectional area exposed to the drag forces.
Tittle edvexntage is derived fro~ a2 use of ertiance trench roof
stringers which extend as muca as 2% ft past the caps. Against
atomic bursts the loading would b dpproximately uniform; thus,
this amount of overhang sould about double the load on the caps.

One advantage of the long roof strirger was noted. Where caps did
fail the xoof stringer wes supported by the soil and complete col-
lapse of the structure was prevented (ses kigs. 26 and 27).

"So far, this discussion has dealt only with tL: en-
trances 10 the A and E structuree. However, these entrances are
considered important, and it is believed that had different entian-
ces or even & lovered entrance of this same design been used, danage
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to the emplacements proper at 1000 ft and 1150 ft would have been
considerably less. The interior posts, caps, and roof stringers in
the rear wall of the entrance trench were in contact with the em-
placement, and an undeterminable dbut large portion of the lateral
forces imparted to the entrance trench were {iansmitted to the em-
placement ceusing considerable post displacement. Less displacement
in E-2 can be attributed to better bracing, namely, stronger spread-
ers in bota side wails.
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It is obvious that the design strength of +the H
structure was insufficient tC withstund the pressures to vwhich it
was subjected. In the surface and cemisurface structures, drag
damage was apparent; however, in thc K structure, it vas not pos-

: sible to associate much of the damage witk drag forces. Certainly,
i displacement of the firing port aprons cen be attrituted to drag,
but structural failures tc both domes appears to have been purely a
: result of overpressure. This was substantiated in part, at least,

. by the fallure of the roof stringers on the enirance to H-1l. Unlike
the entrance to the A and E structures the geomeiry of the opening
apearently provided & lag in pressure rise which caused a pressure
difrerential sufficiently high t» effect failure. Unfortmmately,
the p-t gage in each of these structures provided a peak pressure
measurement only and no pressure-time history. If a better bracket
on blast darage had been obtiined, the vulnerability of this partic-
ular shape ts drag forces might have been indicated. It moy be sig-
aificant that the remaining part of the H-3 structure that wes not
destroyed was not displaced laterally.

“ oM Wy e

c. Subsurface Strctures (Types B, D, G, I, J, and X).
The noticeable sbsence, and in the D structure, the diflerence, in
significant structural damage to these struciurss in coaparison
with those previously diccussed ewphasizes the amount oif damage
that can be attributed to drag. Both zodular shelters (U and 5}
were cupable of withstanding the overoressure to which they were
subjected. With the possivle exceptinn of the caps in B.1, cap
failures in the Type B modilar sectionc were not expected; hovever,
failurc of come of the entrance trench 2aps was exrtcted. The ex-
: pected response of the G structures was uncertusin decause Of the
: condition of the logs. A comparisom of the respounse of the entrance
trench caps w:thk the entrance stringers of H-1, vbi~h were oniy 10
ia. below grouwnd surface, irdicates a more gignificoat amount of
pressure attenuaticn thoough the cover materisl cof the modular
structrres than had been expected. Deamage 1o the sheathing at the
; docrvey into B-1 and B-2 came as a0 gurprise because Qe stud was
not desigaed to take any iloading other then thal of static lateral
> pressure from beckfill material. Tois demsge is of little conse-
quence as it couid be prevented by desigring the stud to ithstaad
the pressure; however, the simplest sciution would be le opie¢ the
sheathing. Sheathing at tais location wns rot includef oz the G
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structures; consequently, noc damage occurred at the doorway. The
absence of doorway demage made it appear that 3-1 and B-2 were in-
ferior to G-l vhen actually neither of the two baeic structures was
damaged. The press'iwre vuildup in B-1 was not appreciably higher
than that in B-2 (see Table IV); nevertheless, the differential
pressure in B-1 was sufficiently high at some time, presumably dur-
ing the decay pbase, to force the sheathing outward from the posts.
This was the only conclusive evidence of a structure tending to
blow apart. The “pushed-in” posts in G-3 clearly demonstrated the
importance of good materials and quality workmanship. It is inter-
esting to note that the cep was not damaged as a result ul the loss
of this support or that the sheathing d1d not bulge sufficiently to
cause failure.

Al.ough the Type D structure was rotiing more than
a series of two-poct bents (minus the sills and placed on coatinuous
footers), convected by plank rooling on the top and corrugated metal
sheathing on the sides, the ebsence of post displacement indicated
that this smount of lateral support was cufficient. These shelters
showed darmage different from, and in excess otf, the other timber
shelters in thet cap fallures were exbtensive. A glénce at the p-t
curves {¥ig. 25) for these structures makes apparent the remson for
tkese cap failures. The p~t curves obtained in these structures
showad a slow pressure rise and a eonsiderable difference between
peak overpressurt inside and outside of the structures. (The out-
side pressure considered is the peak overpressurz recorded at the
sam« ranges on tne desert blast line.) The differences in these
pressure-time histories can be attributed to the combined effects
of the blast door snd the entrance area-shelter volume ratio.
These phononene resulted in a diffraction type loading which caused
the {ailures noted. The contrast In damage between this and the
other timber shelters (B and G) at these ravges illustrates the ef-
fect of fast and slow pressure rise in the structures. In B-l and
B-2, for example, had it not been for a fester rise to a relatively
high inside pressure, caps in the entrance trenck probably would
have failed. From the standpoint of wvithstanding lateral pressure
exerted by backfill material, the entrance shaft design appeared
inadequate. I vom observation of the demage to D-2 it is felt that
thage shafts were probebly the weakest parts of the strueture. Dame
aged vertical entrances are more difficult and possibly more danger-
ous to exit through than are dameged horizontal eniraicas and, there-
fore, shouid bYe at least as strong, preferadbly stronger, than the
rest of the (trucvure. Damage to the shafts might have been less
had there been no dblast doors, but with or withovi doors the neces-
sity for a different rhaft design ls indicated.

The most signifizant damsge to the Sixtn Army struc-~
tures was the failure of the enirance bulkbeads and dosrs. It
wo.d have been wirtually lmpossidble for an cccupsat to have survived
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the missile hazard associated with the damage. This damage further
emphasizes that against atomic weapons the entrances should be given
as much design consideration as the structure. Arch damage (noted
in only J-1 and K-1) was less to the Sixth Army structures than to
the F structures because the Sixth Army structures were subjected
to pesk overpressure only and not to a combination of overpressure
and drag pressure. These structures were placed from 6 in. to 2 ft
below ground surface and were covered similarly to the previously
mentioned shelters with 4 to § ft of earth cover. It is believed
that pressure instrumentation in these structures would have re-
vealed as a result of entrance failures, relatively fast rise times
to high overpressures which probably prevented further arch damage,
especially to J-1 and K-l.

11. Damage Criteria. The weapons effects information current-
ly published in ™M 23-200 does not adequately cover the structures
exposed in this project. Recent developments have been made in de-
sign and construction of fighting emplacements and personnel shelters
(7). Tests on structures representative of these designs (Types A,
B, E, and G) indicate that current blast damage prediction methods
are either overly pessimistic or do not include information on the
damage to structures of this type. For purposes of predicting safety
to personnel, blast damage to structures must be considered concur-
rently with blast pressure and radiation levels expected inside the
structures. This implies that simple scaling of blast effects to
determine safe distances for field fortifications will not hold.
Thus, weapons effects predictions in terms of safety to personnel
rather than probability of structural damage would appear o have
more significance.

IV, COCNCLUSIONS
12, Conclusions. It is concluded that:

‘a. The degree of structurel damage at a given distance
from ground zero depends largely upon tiwe elevatlon of the structure
in relation to ground surface. The vulrerebility of structures in
descending order is (1) structures located on ground surface;

(2) structures located partially below ground surface; and
(3) structures located totally below ground surface.

b. The damage to surfece and semisurface structures
from lsteral or drag forces is at least equal to or rore severe
than the danmage caused by vertical forces.

¢. Jointg and festenings play as importent s role in
structure survival as do the materials themselves.
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d. Fleld fortifications, especially belcw-grade-level
shelters, can be constructed to withstand blast effects of moderate
intensity, but the effects of both prompt nuclear radiation and, to
a8 lesser extent, blast pressure inside the structures, will dictate
the range at which occupants of these structures will survive. It
appears thut fighting emplacements of the semisurface type can sur-
vive at 30 to 4O psi overpressure; and that, depending on the en-
trances, shelters car withstand almost twice this amount.

e. Current blast damage prediction methols in ™™ 23-200
are either overly pessimistic or & not include information on the
demage to heavy timber structures of the type exposed in this
project.
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Fig. 26. A-1 structure, right entrance.
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Pig. 30. A-} siracture, emplacement wall (G2 in divectio-n of
left foreground).
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A-2 structure, looking toward rigkt entrance (G2 to
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A-2 structure, rear wall

Fig. 33.
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