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FOREWORD

Full scale tests of underground and earth-covered loading and response systems sub~
jected to the effects of nuclear weapons were made during the period of 1951 through
1958. Much of this data has been scattered through classifiad and unclassified [it-
erature without any previous attempt at correlation or cross reference purposes for use
by researchers in the field of structural dynamics and weapons effects testing.

This document includes, in one volume, all available pertinent data arranged in

order of test operation, but cross reference indexed by functional categories. Each
entry includes project and structure identification, cross reference listing, report
references, project objectives, structural descripiion, structural details, soil char=
acteristics, shot information, the test layout, loading data, a summory, other remarks,
and subsequent testing. This information is then correlated in a series of charts de -
signed to show quickly and graphically the relation between similar tests, and so
arranged that positive trends in structural response become apparent. A general dis-
cussion and recommendations are presented. Maps of the Eniwetok Atoll and the
Nevada Test Site are included to facilitate structure location.
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PART |

Summary of Loading and Response Systems

The following material is an enumeration and brief description of each test
conducted on underground and earth-covered systems subjected to the effects
of nuclear weapons during full=scale test operations conducted from 1951 to
1958. A discussion and correlation of the tests is included as Part 2 of thi;

report.

SECRET FORMERLY RESTRICTED DATA



OPERATION:  Greenhouse
PROJECT: 3.1
STRUCTURE [IDENTIFICATION: 3.1.3

CRQOSS REFERENCE IMDEX:
EARTH-COVERED AND SEMI-BURIED CONCRETE — Semi-Buried
Cast-In-Place Box and Precast Concrete Pipe Sections ( as part of com=
posite shelter )
EARTH-COVERED AND SEMI-BURIED STEEL — Corrugated Steel
Pipe Sections ( as part of composite shelter )

REPORT REFERENCES:
WT-94, WT-116, WT-117, WT-118, wWT-641
Defense Atomic Support Agency
Washington 25, D.C.

LOCATION:  Janet { Engebi )
Eniwetok Proving Grounds

OBJECTIVES:

To test the response of the structure ( 3.1.3 ) to dynamic loads produced by an atomic
bomb in order to verify parameters for use in the application of dynamic-plastic theory
to the design and evaluation of structures to resist atomic blast.

STRUCTURAL DESCRIPTION:

The buried structure consisted of a poured-in-place reinforced concrete section { Unit
A}, several precast reinforced concrete sections ( Units B, C, and D ) and a ~orrugated
metal pipe section (Unit E}. The povred-in-place shelter was designec using conser-
vative assumptions for the transmission of the blast force through the earth. The first
precast section ( Unit B ) was designed using the same loading assumptions adopted for
the design " the poured-in-place section. The load-cairying capacity of precast Unit
C was arvi- -arily reduced below that provided in Section B, and the strength of Unit D
was further reduced by an arbitrary amoun-. The corrugated=steei pipe section ( Unit £ )
was a standard steel pipe having such a small lood capacity that its use could not be
justified on the basis of the assumptions used for the design of the other units. The pur-
pose of the underground test was to determine how to design underyround sheiters and




to orovide information on the transmission of blast pressures through soil.

UNIT A
Solid reinforced concrete, 1'-0" thick
8'-0" high, 8'-0" wide, 18'-0" long
Subdivided by plywood partitions into two cir locks

UNIT B
Two 4'-0" reinforced concrete pipe sections
8" thick, 8'-6" 1.D,
Reinforcing — 5/8"@ @ 4" o.c.

UNIT C
Two 4'-0" reinforced concrete pipe sections
8" thick, 8'-6" I.D,
Reinforcing — 3/4"f @ 4" o.c.

UNIT D
Two 4'-0" reinforced concrete pipe sections
8" thick, 8'-6" 1.D.
Reinforcing — 1/2"@ @ 6" o.c.

UNIT E
8'-0" long, 10 gage corrugoted metal pipe — 7'-0" [.D.
Circumference — 4 pieces lapped 4 3/4" and connected
by two lines of 3/4" round bolts

STRUCTURAL DETAILS:
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SOIL CHARACTERISTICS:
Ory sand and gravel to a depth of six feet und locse saturaied sund from six feet fo
twenty-five feet.

PREVIOUS TESTING: None

SHOT:
Name: "Easy"
Type: Tower
Yield: 46.7 KT
Height of Burst: 300 feet
Date: 20 April 1951
TEST LAYOUT:
== S
8 = 3
Eq =
2 %%

~——7

CONTROL ARER
30-1 £ 3000

313N,
il - e"b .
i ;
- =290




LOADING:

Shot "Easy": { Qverpressure on earch surface)

Peak Overpressure: 60 psi
Duration: 300 msec
SUMMARY:

There wos insignificant damage for shot "Easy”

The cast-in-place section consisted of a box with one=foot-thick reinforced-concrete
members for the walls, roof, and floor. This portion of the structure was designed to
act elastically under full theoretical air blast pressure. As expected, this unit showed
no evidence of plasiic deformation, and it would have afforded complete protection to
personne! inside it during the explosion.

The three precast sections were designed with varying strengths in an attempt ti insure
plastic action in at least one of them. None of these precast sections suffered damage
that could be determined by visual inspection.

In spite of the very light metal used in the corrugated pipe section of the shelter, no
permanent plastic deformations were observed.

OTHER REMARKS:

Sections of the underground structure were provided with different strengths ranging from
that required for full air blast pressure to arbitrarily weaker sections designed to antici=
pate larger plastic deflections or failure. It can be assumed from the absence of damage
or large distortions in the weaker sections of the underground test structures. that the
effective pressures exerted against the underground structures were much less than ex=
pected; and that the actual conditions regarding arch action, shear strength, and be-
havior of soif were signifizontly different from the pre-test analysis assumptions.

SUBSEQUENT TESTING:
During Operation lvy, this structure was subjected to air blast overpressures from shots
"Mike" and "King". WT-641 contains a description of damage:

Shot:
Name: "Mike" "King"
Type: Tower Air
Yield: 14 MT -—-
Height of Burst: 20 feet 1480 feet
Date: 31 Oct 1952 15 Nov 1952
Range: 17,060 feet 54,600 feet
Qverpressure: 1B psi 0.42 psi

Remarks: Structurally undamaged, surfoace on vent pipe charred on side
facing GZ, doors removed prior to test, wood~frame air lock
destroyed.

o~



OPERATION:  Greenhouse
PROJECT: 3.2
STRUCTURE IDENTIFICATION: 3.2.4a

CROSS REFERENCE INDEX:
EARTH-COVERED AND SEMI~BURIED CONCRETE — Semi-Buried
Precast Concrete Magazine { Gable )

REPORT REFERENCES:
WT-23, WT-24, WT-91, WT-117
Defense Atemic Support Agency
Washington 25, D,C.

LOCATION: Janet ( Engebi )
Eniwetok Proving Grounds

OBJECTIVES:

To test the design of an earth -covered precast-concrete structure for use as a magazine,
storage, or personne! shelter; to obtain a comparison of the performance of an earth-
covered structure with an uncovered structure { Greenhouse 3.2.4b ).

STRUCTURAL DESCRIPTION:

Structure 3.2.4a was a precast-concrete magazine of rigid frame panels with two feet
of sarth cover,

DETAIL "C"

3-0%
~2-0" EARTH COVER

STRUCTURAL DETAILS:

ORIGIN L
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SECTION A-A DETAIL “A'
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SOIL CHARACTERISTICS:

Sand overburden to a depth of five feet, conglomerate from five feet o six feet, and
locse sand and coarse gravel from six feet to sixteen feet.

PREVIOUS TESTING: None

SHOT:
Name: "Easy"
Type: Tower
Yield: 46.7 KT

Height of Burst: 300 feet
Date: 20 April
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LOADING:
Shot "Easy": { Predicted peak overpressure of 20 psi )

Main Pulse:

Side~on Overpressure: 14,5 psi

Rise Time: 109 msec
SUMMARY':

It wos predicted that greatest damage would occur in frames at the crown of the roof.
Cracks at haunches were anticipated.

The earth cover on Structure 3.2.4a, especially the heavy embankments against the
vertical faces of the side walls, caused the structure to respond in a manner slightly
different from the predictions. It was thought that the pressure loading would produce
a response similar to that obtained in an uncovered arch type structure, namely a slight
flattening out of the windward panels with tension stresses on the inside and compressive
stresses on the outside, os well as u tendency to squash the iseward panels with tension
on the outside and compression on the inside. However, the flat sloping roof portion of
the windward panels received ¢ heavier load than the vertical face; and the sloping
portion attempted to move downward, introducing large moments at the knee of the
panel with consequent cracks on the outside of the knee and none on the inside. On
the leeward wall panels, tension cracks appeared on the inside face near the base ond
also at the fold lines. The end panels that remained in place developed shear stresses
and cracks, as predicted, and to just about the extent predicted.

OTHER REMARKS:

A companion structure ( 3.2.4b ) without earth cover subjected to 11.0 psi suffered
complete collapse of the end walls. The rear and center panels of both end walls
failed and were hurled to the center of the building. The front panels of each end
wall were damaged beyond effective use, but were still in place with large deflections.
The end wall panels adjocent to the windward side of the building received medium
damage in those panels having ribs outward. The panels having skin outward were
damaged only in the rib, this damage being moderate. The rear panels sustained minor
cracking.

SUBSEQUENT TLSTING:
Similar structures were tested in Operation Upshot -Knothole Project 3.13 ( WT 729 ),
See text page 67.




QOPERATION:  Greenhouse
PROJECT: 3.2
STRUCTURE IDENTIFICATION: 3.2.6

CROSS REFERENCE INDEX:
EARTH-COVERED AND SEMI-BURIED CONCRETE — Semi-Buried

Precast Concrete Magazine ( Dome )

REPORT REFERENCES:
WT-23, WT-24, WT-91, WT-117
Defense Atomic Support Agency
Washington 25, D,C,

LOCATION:  Janet ( Engebi )
Eniwetok Proving Grounds

OBJECTIVES:

To test the design of un earth-covered precast~concrete dome structure for use as a
ragazine or personnel shelter.

STRUCTURAL DESCRIPTION:

Structure 3.2.6 was a dome shaped precast-concrete Novy magezine with two feet of
earth cover.

| - 2-0" EARTH COVER

STRUCTURAL DETAILS:
DETAIL "8"

jN_a< 2|_9n
SECTION A-A DETAIL A"
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SOIL CHARACTCRISTICS:
Loose fine sand to o depth of 12 feet; compacted coarse gravel and coral from 12 feet

to 14 feet; and loose sand, gravel, and coral from 14 feet to 24 feet.

PREVIOUS TESTING: None

SHOT:
Name: "Easy"
Type: Tower
Yield: 46.7 KT

Height of Burst: 300 feet
Date: 26 April 1951






LOADING:
Shot "Easy™: ( Predicted peak overpressure of 14.5 psi )

Main Pulse:

Side-on Overpressure: 12 psi

Rise Time: 40 msec
SUMMARY :

The structure suffered only minor damage ( permanent vertical deformations of 3/4"
maximum ) under the applied loading. Slight displacement of panels occurred relative
to each other. Most of the earth cover remained in place; however, the middle sec~
tion of the earth was thrown out. The door to the structure was slightly deformed, but
the wing walls were undamaged. Failure in the panels of this structure was limited to

a plastic change ot some joints. 'rregularities in casting and shrinkage caused the panels
to bear on each other at the corners. Further, column action of the ribs in the vertical
plane during vertical deflection and of the ribs in the horizontal plane during wracking
caused plastic strains at the intersections.

OTHER REMARKS:

There was no attenuation of pressure in the two feet of cover on top of Structure 3.2.6.
However, decreased pressures were observed on the walls, depending upon amount of
cover.

SUBSEQUENT TESTING:

This particular structurs was uncovered and subjected to similar loading during Shot
"ltem". Similar conditions of range and pressures existed; however, the structure was
severely damaged. Four of the lower panels on the side of the structure focing the
shot were demolished.



OPERATION:  Buster-Jangle
PROJECT: 3.2
STRUCTURE IDENTIFICATION: 3.13

CROSS REFERENCE INDEX:
MISCELLANECUS STRUCTURES -~ Buried Reinfc ced Concrete Box
(OpenTop)

REPCRT REFERENCE:
WwT-387
Defense Atomic Support Agency
Washington 25, D.C,

LOCATION: Yucca Flat
Nevada Test Site

OBJECTIVES:
To provide data for the analysis and design of heavy underground structures to resist
impulsive log<s.

STRUCTURAL DESCRIPTION:

Structure 3.13 was a buried reinforced concrete open box designed to resist high earth
pressures on its frent and rear walls.  The outside dimensions were 25 feet by 25 feet,
and the front and rear walls were 5 feet thick. The ton of the structure was placed
7.5 feet below ground level.

STRUCTURAL DETAILS: ( See Page 17)

SOIL CHARACTERISTICS:

The natural soil consisted of a conglomerate referred to as "caliche". The moisture
content was negligible. The average density of the undisturbed soil was 95 pcf; and
after compactic::, the average density was 103 pef.




STRUCTURAL DETAILS:
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PREVIOULIS TESTING:
A similor but not identical structure was tested at Dugway Proving Giound, Utah. The

Dugway structure had a 3 feet 4 inch thick rear wall. However, this was thickened for
Operation Jangle because the rear wall failed in the Dugwav test.

SHOT:
Name: "Uncle®
Type: Underground
Yield: 1.2KT
Depth of Burst: 17 feet——scaled depth— A _=0.13
Date: 29 Nov 1951 ¢

TEST LAYOUT:

\ STRUCTURE 3,13




LOADING:
Shot "Uncle":
Ne cir pressure measured
Earth pressure ~ foo low for measurable structural response

SUMMARY :

The buried concrete box structure was placed at the same scaled distance as for a similar
structure af the full scale dry clay test at Dugway, Utah. A similor one in the latter
test was severely damoged, and it was suggested that placing it of the some scaled dis-
tance in the Jangle test would cause moderate damauge to the structure. Authoritative
predictions of the crater size were not available prior to construction; so no attempt
was made to place this structure adjacent to the crater, which would have resulted in
significant damage, as demonstrated by the Dugway tests.

The structure was undamoged.

OTHER REMARKS:

The structure was instrumented to measure load and response. Unforiunately, most of
the transient records were lost due to a recorder failure. In addition, the structure
responded essentially elastically so that little positive information was obtained from
the permaneni measurements.

SUBSEQUENT TESTING:
Two structures of this type, but of different dimensions were included in Operation
Teapot, Project 3.3.2 (WT-1126). (See text page 87.)




OPERATION:  Buster~Jangle
PROJECT: 3.3

STRUCTURE IDENTIFICATION:
3.21 al, 3.21 b1, 3.21 ¢1, 3.21 d1, 3.21 el, 3.21 f1, 3.21 @2,
3.21 b2, 3.21 c2, 3.21d2, 3.2] e2, 3.21 2

CROSS REFERENCE INDEX:
MISCELLANEQUS STRUCTURES — Buried Steel and Reinforced Con-
crete Cells { Open Top )

REPCRT REFERENCES:
WT=405, Vol. |

Defense Atomic Support Agency
Washington 25, D.C.

LOCATION:  Yucca Flat
Nevada Test Site

OBJECTIVES:

To obtain a quantitative estimate of the damage which would be sustained by submerged
cellular structures of square or rectangular design as a result of an underground explos—
ion and to determine whether such structures are satisfactory for use as underground
protective shelters.

STRUCTURAL DECCRIPTICN:

Six pairs of square cells were constructed for the Operation ( 3.21 ol and 3.2} a2
through 3.21 fl and 3.21 f2). Cells 3.2} 1 through 3.21 {1 were all 850 fcet from
ground zero, while cells 3.21 a2 through 3.21 f2 were 725 feet from ground zero. All
cells were the same height, 8 feet, and all vere placed with their upper ends flish
with the ground surface. Wall thickness was the same for a given cell, and remoined
constant with depih. Structures 3.21 al and 3.2 a2 were made of 12 gage sheet steel
while the remaining cells were constructed of reinforced concrete.
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STRUCTURAL DETAILS:

GZ

8-0
3.—6" 4I.Gll
[] 1 d ~a
a 8pl.-48"X125a.X 7"l i, J.fé— 2
b 4 - I|/2||x Ilé“x 3/'6" xa|.°|| M
¢ 8bars- 34" X Y6 X 78" o
d 3bars- 34" X e x 37" A
e 4bars- 34" X g x 3-4" L"'\
f 1bor - 34" X 346" X 4-4"
g 4barz- 33" X Yg' x 7H11" #
0/
oA
PLAN o N
“l- o.l 4l- oll
sl-oll
' m— c/
! B
by o o
«
b e /-d =°
N\ Ay -
o
©
SECTION A-A o’
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SOIL CHARACTERISTICS:

Visual inspection of several open cuts at the test site showed a wide range in the grain
size of the soil. Alternate bands of coarse gravel and graded sand were szen to extend
from the surface to a depth of 12 to 15 feet. At this depth there was a band of caliche.
There is a wide range in soi{ grain size within the rather shallow depth of 10 feet.

PREVIOUS TESTING: None

SHOT:
Name: "Uncle"
Type: Underground
Yield: 1.2 KT
Depth of Burst: 17 feet
Date: 29 Nov 1951

TEST LAYQUT:

Structures 3.21 al, 3.21 bl, 3.21 cl, 3.21 d1, 3.21 el and 3.21 f1 were all B850 feet
from ground zero. Structures 3.21 a2, 3.21 b2, 3.21 ¢2, 3.21d2, 3.21 e2 and 3.21 {2
were 725 feet from ground zero. Each structure was aligned with its front face perpen-
dicular to a ray exiending from ground zero.

LOADING:

On about 80 percent of the records there is almost no evidence of graund-trunsmitted
earth pressure. Even the few traces which can be identified as ground-transmitted
pressure do not exhibit properties characteristic of g propagating wave.

SUMMARY :
The struciures were instrumented to measure earth pressures, radial accelerations, verti-
cal accelerations, and displacements ( relative between front and rear walls ).

It was predicted that the cells located at 725 feet would sustain considerable damege,
while those at 850 feet would be damaged very little.

No damage to the concrete cells resulted from either ground or air blast and the ground
shock was only a sme!! fraction of its predicted value.

The walls of the metal cells were observed to have bowed inward as much as 9 inches

at the top and 4 inches at the center. However, considerable difficulty was encounter-
ed during the consiruction period in attempting to keep the cells from deflecting ex~
cessively under the static soil pressures and it was not possible to determine, by visual
examination alone, what portion of the observed displacement was caused by the explo-
sion,

OTHER REMARKS:
Pressure records show that the zarth loads which resuit from impingement of a ground-
transmitted disturbance may be wholly inconsequential. The nature of the medium and

27



the depth and dynamic properties of the disturbing scurce can greatly affect the charac-
teristics of the propagation. Under conditions of burial depth, energy yield, and soil
type approximating this experiment, it is safe to conclude that shallow buried reinforced
concrete cells will remain undamaged unless they are near the source.

Pressure loads were so low that even structures far weaker than the square cells would
have sustained no damage.

SUBSEQUENT TESTING: None
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OPERATION:  Buster-Jangle
PROJECT: 3.3
STRUCTURE IDENTIFICATION: 3.22a4al, 3.2242, 3.22b1, 3.22 b2

CROSS REFERENCE [INDEX:
MISCELLANEOUS STRUCTURES — Buried Corrugated Iron and Rein-
forced Concrete Cells { Open Top )

REPORT REFERENCES:
WT-405, Vol. |
Defense Atomic Suppart Agency
Washingion 25, D,C.

LOCATION: Yucca Flat
Nevada Test Site

OBJECTIVES:

To furnish information on the vulnerability of tunnels, subways, underground conduits,
piping, etc., to loads imposed by underground explesions and to determine the suit-
ability of struciures of circular design for use as protective shelters.

STRUCTURAL DESCRIPTION:

Four circular cells and three tunnel sections were constructed for the operation. Three
of the circular cells had 6 inch thick concrete walls, doubly reinforced. The fourth
was made of 8 gage corrugated steel sheet. All cells were oriented with their longi-
tudinal axis vertical and had heights and outside diameters of equal dimensions, 10 feet,

STRUCTURAL DETAILS: (See Page 30)

SOIL CHARACTERISTICS:

Visual inspection of several open cuts at the test site showed a wide range in the grain

size of the soil. Alternate bands of coarse grave!l and graded sand were seen to extend
from the surface to o depth of 12 to 15 feet. At this depth there was a band of caliche.
There is a wide range in soil grain size within the rather shallow depth of 10 feet.
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PREVIOUS TESTING: None

SHOT:
Name: "Uncle"
Type: Underground
Yield: 1.2 KT
Depth of Burst: 17 feet
Date: 29 Nov 1951
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TEST LAYOUT:

structure

3.22 al
3.22 a2
3.22 bl
3.22b2

LOADING:

Details of Circular Cells

radial distunce
from explosion

material ( feet)
Corrugated Steel 375
Corrugated Steel 525
Reinforced Concrete 525
Reinforced Concrete 375

depth of earth
covering structure
( feet )

None ( upper end of
3.22 cells flush with
surface )

The earth pressure records indicate the total absence of an earth pressure wave.

SUMMARY :

The cells sustained no structural damage.

SUBSEQUENT TESTING:  None
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OPERATIOMN:  Buster-Jangle
PROJECT: 3.3
STRUCTURE IDENTIFICATION: 3.230, 3.23b

CROSS REFERENCE INDEX:
BURIED CONCRETE — Precast Concrete Pipe Sections

REPORT REFERENCES:
WT-405, Vol. |
Defense Atomic Support Agency
Washington 25, D.C.

LOCATION: Yucca Flat
Nevada Test Site

OBJECTIVES:

To furnish information on the vuinerability of tunnels, subways, underground conduit:
piping, etc., to loads imposed by underground explosions; and to determine the suit-
ability of structures of circular design for use as protective shelters.

STRUCTURAL DESCRIPTION:

The three tunnel sections, all alike, had 6inch concrete walls reinforced at mid-
thickness with 1/2 inch round bars af 4 inches on centei. The tunnel sections were
24 feet long, 7 feet in outside diameter, and had their longitudinal axis horizontal,

STRUCTURAL DETAILS: (See Page 33)

SOIL CHARACTERISTICS:

Visual inspection of several open cuts at the test site showed a wide range in the grain
size of the soil. Alternate bands of coarse gravel and graded sand were seen to extend
from the surface to a depth of 12 to 15 feet. There was a wide range in soil grain size
within the rather shalfow depth of 10 feet.
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STRUCTURAL DETAILS:
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PREVIOUS TESTING: None

Buried Concrete Pipe also included in Operation Buster-Jangle Project 9.1

( Structure 9.1 b ).

SHOT:
Name:
Type:
Yield:
Depth
Date:

TEST LAYOUT:

structure

3.23 al
3.23 a2
3.23 bl

"Uncle"
Underground
1.2 KT
17 feet
29 Nov 1951

of Burst:

Details of Tunnel Sections

radial distance

material from explosion
( feet )
Reinforced Concrete 350
Reinforced Concrete 525
Reinforced Concrete 350

depth of earth
covering structure

( feet)

0 W W
OO
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LOADING:

The earth pressure records indicafe the total absence of an earth pressure wave, Test
records indicate thot the magnitude of the cir blast induced earth pressure is quite sub-
stanticl, attaching values of about 20 psi.

SUMMARY':

The test results have indicated that underground structures of circular cross-section
located 2 to 4 crater radii from ground zero are almost invulnerable to the earth-trans-
mitted effects which follow defonation of small nuclear weapons buried at shallow depths.

OTHER REMARKS:

The values of air blast induced ground pressure given on test records do not furnish a
relioble means of estimating the compressive load to which the tunnels were subjected.
Only a lightiy constructed wooden door offered resistance to penetration of the struc=
ture by the shock wave. Hence, when the wave passed, it diffracted into the structure
loading the inside surfaces and reducing the unbalanced structural load.

SUBSEQUENT TESTING: None
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OPERATION:  Buster-Jangle
PROJECT: 9.1
STRUCTURE [DENTIFICATION: 9.lg

CROSS REFERENCE INDEX:
EARTH-COVERED AND SEMI-BURIED STEEL — Earth-Covered
Corrugated Steel Arch Sections

REPORT REFERENCES:
WT-359
Defense Atomic Support Agency
Washington 25, D.C,

LOCATION: Yucca Flat
Nevada Test Site

OBJECTIVES:
To develop information on the degree of protection from atomic explosions afforded by
simple structures: covered trench, metal arch, wood arch, and basement lean-to.

STRUCTURAL DESCRIPTION:

A total of 29 structures were tested. Eighteen of the structures were prefabricated
woed, earth—covered trench shelters; four were wood=arch shelters; two were basement
lean-to shelters; and five were earth-covered corrugated metal arch structures. Only
the corrugated metal arch structures are discussed below.

One complete metal-arch shelier (b~1) was included in the test, built in accordance wiih
plans prepared b, the Lehigh University Institute of Research. [t consisted of a 12

gage corrugated metai arch roof, 5 feet 6 inches in diameter, resting on concrete

block walls. The arch was covered with three feet of earth cover.

Four other metal-arch sections of simifar span were included:

b-2 12 gage 2 feet earth cover Concrete Footing
b-3 16 gage 2 feet eorth cover Concrete Footing
b-4 16 gage 3 feet earth cover Concrete Footing
b5 12 guge 3 feet earth cover Concrete Footing
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STRUCTURAL DETAILS:

I

SOIL CHARACTERISTICS:

Yucca Flat is an alluvium-filled valley. The ailuvium vories in choracter from clay
and silt~sized particles to cobbles and boulders. The composition of this material is
chiefly limestone and volcanie tuff with smaller amounts of other volcanics, quartzite,
conglomerate and sandstone. The alluvium is poorly consolidated except where the
particles are cemented by caliche or where beds of caliche exist. Density of the
alluvium varies from 1.3 to 1.8 kilograms per liter.

After being disturbed, the soil had practically no cohesive properties. The low cohesive
value of the material used in backfilling made it difficult 12 compact the earth cover on
the structures. It was also impossible to protect shove~-ground entrance construction
becouse of the tendency of the material to flow freely. Intermittant showers two days
before the first explosion contributed little to the stability of the earth cover. Since

no special provisions were foken to compact backfill, the structures were subjected

to unusually severe test conditions.

PREVIOUS TESTING: WNore

SHOT:
Nome: "Baker" *Charlie" "Dag"
Type: Air Air Air
Yield: 3.5KT 14 KT 21 KT
Height of Burst: 1118 feet 1132 feet 1417 feet
Date: 28 Cet 1951 30 Oct 1951 1 Nov 1951
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TEST LAYOUT:

Shot "Baker" Shot "Charlie" Shat "Dog"
distanca slant distance slant distance siant
from GZ range from GZ range from GZ range

b-1 1272 1694 1360 1769 1256 1894
b-2 1275 1696 1361 1770 1257 1894
b-3 1277 1698 1363 1772 1258 1895
b-4 1280 1700 1363 1773 1258 1895
b-5 1282 1704 1367 1775 1259 1896

LOADING:

( Overpressures ai structure )
The only loading information available is peak overpressure. These are as follows:

Shot "Baker"
Shot "Charlie"
Shot "Dog"
SUMMARY :
Shot "Baker"

shelter b-1

shelter b-2
shelter b-3
shelter b-4
shelter b-5
Shot "Charlie"

shelter b-1

shelter b-2

shelter b-3

shelter b-4

7.9 psi
14.8 psi
14.7 psi ( estimated )

Damage

Heavy Damage. End section pushed in at bottom. Arch twisted
6" to 12" out of line but intact. Entrance almost impassable —
folded. Cover reduced 18" to 24".

Arch twisted. Cover reduced 15" to 18",

Cover remaining 6" to 9". Mo damage.

Cover remaining 9" to 12", No damage.

Cover remaining 9" to 12". No damage.

Damage

Complete Destruction. End section and entrance demolished.
Shelter filled with material .

No change in position of arch; arch completely stripped; some
soil blown in open end.

End wall uncovered and opened up. Partially filled with soil;
practically all cover removed.

Arch twisted; end section demolished; practically all cover
removed.
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shelter b-5 No change in arch; partly filled with soil; practically all cover

removed.
Shot "Dog” Damage
shelter b-1 Complete Destruction. No change; structure completely
stripped.
shelter b-2 Arch tilted away from ground zero; end section demolished;

partially filled with material.

sheltar b=3 Arch tilted away from ground zero; end section demolished;
completely filled with material .

shelter b-4 Arch tilted towords ground zero; end section demoiished;
partly filled with soil.

shelter b-5 End section demolished; completely filled with soil.

OTHER REMARKS:

The structural instrumentation used did not provide significant data for any analytical
response considerations. Because the ends of the arch sections were open, significant
build-up of interna! pressures occurred; thereby automatically increasing the resistonce
of the structures. These structures were not repaired after each test.

SUBSEQUENT TESTING:
Similar structures were tested in Operation Upshot-Knothole, Project 21.1 (WT-801).
See text page 74.

38




OPERATION: Buster-Jangle
PROJECT: 2.1
STRUCTURE IDENTIFICATION: 9.ib

CROSS REFERENCE INDEX:
BURIED CONCRETE — Concrete Pipe
BURIED STEEL — Corrugated Stee! Pipe

REPORT REFEREINCES:
WT-360
Defense Atomic Support Agency
Washington 25, D.C.

LOCATION: Yucca Flat
Nevada Test Site

OBJECTIVES:

To determine the effects of several atomic air bursts {os related to blast, radiation, and
thermal hazards to personnel} on a shelter constructed of conventional materials and
buried under about three feet of earth,

STRUCTURAL DESCRIPTION:

The test structure was constructed of 24 feet of standard centrifugally spun reinforced
concrete pipe ( three 8 foot lengths, 90 inch inside diameter, 7 3/4 inch shell thick-
ness ); a poured-in-place reinforced concrete double ramp entrance; 24 feet of ingot
iron corrugated multiplare pipe ( four 6 foof lengths, 90 inch inside diameter, 10 gage);
and a 10 goge and 12 gage corrugated metal sheet and structural steel double ramp
enfrance. These materials were joined ot the center to form a 48 foot lony { eclusive
of ramps ) 48~person capacity shelter. Three feet and 3 feet 8 inches of earth were
placed over the concrete and metal pipe respectively, mounded about 2 feet above
normal grade over the principal axis of the pipe, and sloped ot about 1 in 10.

STRUCTURAL DETAILS: (See Page 40)

SOIL CHARACTERISTICS:

The alluvium in Yucco Flat varies in character from cloy and silt-sized particles, to
cobbles ond boulders, The composition of this muteiial is chiefly limestone and
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STRUCTURAL DETAILS:
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volcanic tuff with smaller amounts of other volcanics, quartzite, conglomerate and
sandstone. The alluvium is poorly consolidated except where the particles are cement-
ed by caliche or where beds of caliche exist. Density of the alluvium varies from 1.3
to 1.8 kilograms per liter; that is, 88 to 112 pounds per cubic foot. There were no
determinations made of the cohesive properties of the soil either before or after it was

disturbed.

The soil at the location of the AEC Communal Shelter was predominantly of silt-sized
particles, of very low moisture content, and difficu!t to compact. The material showed
a pronounced tendency to flow freely, which characteristic caused the progressive
flattening after each shot of the mounded earth cover over the shelter with a resultant
loss in shielding against initial nuclear radiation. The test operctions did not permit
the replacement of eorth cover removed by each explosion, nor the removal of soil
which flowed down the ramps and into the open ends of the shelter.

PREVIOUS TESTING: None

SHOT:
Name: "Baker" "Charlie" "Dog" "Easy"
Type: Air Air Air Air
Yield: 3.5KT 14 KT 21 KT 31.3KT
Height of Burst: 1118 feet 1132 feet 1417 feet 1314 feet
Date: 2B Oct 1951 30 Oct 1951 1 Nov 1951 5 Nov 1951

TEST LAYQUT:

BUSTER SHOTS

162'N-99'W T
162 N-99W_ o

40'N- 13'W

56'N-37'W

N 850,423.59
E 6€88,686.77

PROQJECT S.1b
N 850,000
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LOADING:

Shot "Baker"
9.0 psi Peak overpressure at ground level
25.4 psi Average inside overpressure; 5 feet from center in concrete
section
39.1 psi Average inside overpressure; 5 feet from center in steel section
35.9 psi Average inside overpressure at center; 24 feet from ends
Shot “Charlie"
24.0 psi Peak overpressure af ground level
31.7psi Average inside overpressure; 5 feet from center in concrete
section
47,5 psi Average inside overpressure; 5 feet from center in steel section
44.7 psi Average inside overpressuic at center; 24 feet from ends
Shot "Dog"
25.9psi Peak overpressure at ground level
30.7 psi Average inside overpressure; 5 feet from center in concrete
section
35.2 psi Average inside overpressure; 5 feet from center in steel
(est.) section
38.7 psi Average inside overpressure at center; 24 feet from ends
Shot “Easy ™ {Loading data not availdable)
SUMMARY :

Shot "Baker" produced light damage and insignificant movement of earth cover. The

maximum vertical deflections were 1.14 inches for the metal pipe and 1.24 inches for
the concrete pipe. Permanent displacements were 0.44 inches for the metal pipe and
0.56 inches for the concrete pipe.

Shot "Charlie" removed a considerable amaunt of earth cover and large quantities of
soil flowed down the ramps and into the pipe ends. No damage was observed in the
metal pipe. The maximum vertical deflection was 0.74 inches, and an additional
permanent displacement of 0.16 inches was observed. The concrete pipe was un-
domaged. The maximum vertical deflection was 0.48 inches, and no additional
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permanent disglacement was observed.

Shot "Dog" removed the remaining earth cover and filled the pipe ends to approxi~
mately 50 percent of their original area. The metal ramp was collapsed and the struts
at the concrete ramp were damaged. Maximum vertical deflections were 2.72 inches
and 2.10 inches for the metal and concrete pipes respectively; and permanent dis-
placements were 0.60 inches and 0.93 inches in addition to the displacements produced
by the previous shots.

Shot "Easy" produced vertical deflections of 1.20 inches and 0.62 for the metal and
concrete pipe sections respectively; and additional permanent displacements were
0.37 inches and 0.07 inches.

Structural instrumentation consisted of indenter gages and vertical displacement gages.

OTHER REMARKS:
The structures were open; hence, considerable internal pressures developed. Response
under these conditions could be considerably different from closed shelters.

SUBSEQUENT TESTING:
None for this struchure. Structures of corrugated steel pipe sections were included in
the following:
Operation Plumbbob, Project 3.2 (See text page 121.)
Operation Plumbbob, Project 34.3 (See text page 171.)
Structures of concrete pipe sections were included in Operation Plumbbob, Project 3.2.
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OPERATION: Ivy
PROJECT: Test Support Station
STRUCTURE IDENTIFICATION: Station 200

CROSS REFERENCE INDEX:
TEST SUPPORT STATIONS — Massive Reinforced Concrete Semi-
Buried Shelter

REPORT REFERENCES:
WT-641
Defense Atomic Support Agency
Washington 25, D.C.

LOCATION: Irene ( Bogairikk I, )
Eniwetok Proving Grounds

OBJECTIVES: {(Non-experimental structure)
Structure used for test support purposes, thus only visual past shot inspections were
made .

STRUCTURAL DESCRIPTION:

Massive reinforced concrete semi=buried structure; walis 4 feet thick; roof 3 feet
thick; wall reinforcing 1/2% vertical and 1/4% horizontal in each face; roof slab
reintorced with steel | -beams over 14, 12, and ¢ feet clear spans.

STRUCTURAL DETAILS: (See text page 45.)

SOIL CHARACTERISTICS:

Coral sand. Fine to coarse sand with some fine gravel.
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PLAN Ak

PREVIOUS TESTING: None

SHOT:
Name: "Mike" "King"
Type: Tower Air Drop
Yield: 14 MT -—
Height of Burst: 20 feet 1480 feet

Date: 31 QOct 1952 15 Nov 1952




TEST LAYOUT:
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LOADING:

( Overpressure at ground surfuce
g

Shot "Mike"
Precursor: None
Main Pulse: Rise Time == essentially zero
Peak Overpressure ~— 52 psi
Curation — Unknown

Shot "King"
Precursor: None
Main Pulse: Rise Time — essentially zero
Peak Qverpressure =~ 0.35 ps
Duration — Unknown

SUMMARY:

Heavy concrete wall with pipe inserts at front of structure was badly dented. In rear
of structure a heavy stee! beam was bent through 180°. A retaining wall was separated
from structure but not severely damaged. No majo: structural damage .

OTHER REMARKS:

Measurements of earth pressure and deflection were not made for this test station;
hence, response data was collected by visual inspection for general information pur-
poses only.

SUBSEQUENT TESTING:

This structure, also identified as Operation Castle, Structure 200; Operation Redwing
Structure 1611; and Operation Hardtack, Structure 1314, was subjected to significant
overpressures in those operatfions.

Operation Castle Redwing Redwing Hardtack
Device code name  "Nectar" "Semincle" "Apache" "Koa"
Location Eniwetok Eniwetok Eniwetok Eniwetok
Size of weapon 1.7 MT 13.6 KT 1.85 MT 1.38 MT
Height of burst Barge Surface Barge Surface
Distance from GZ 8,967 feet 1,217 feet 7,500 feet 5,360 feet
Peak overpressure 20 psi 30 psi 30 psi 42 psi

Post shot conditions for each successive operation indicated little or no additional
damage .
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OPERATION:  lvy
PROJECT: Test Support Station
STRUCTURE IDENTIFICATION: Station 252

CROSS REFERENCE INDEX:
TEST SUPPORT STATIONS — Reinforced Concrete Semi-Buried
Shelter

REPORT REFERENCES:
WT-641
Defense Atomic Support Agency
Washington 25, D.C.

LOCATION:  Yvonne (Runit)
Eniwetok Proving Grounds

OBJECTIVES:
(Non=-experimantal structure). Structure used for test support purposes.

STRUCTURAL DESCRIPTION:
Reinforced concrete semi-buried structure; walls and roof 1 foot 2 inches thick with
1% main reinforcement for 13 feet clear span.

STRUCTURAL DETAILS.
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SOIL CHARACTERISTICS:
Coral sand. Fine to coarse sand with some fine gravel.

PREVIOUS TESTING: None

SHOT:
Name: "Mike" "King"
Type: Tower Air Drop
Yield: 14 MT -
Height of Burst: 20 feet 1480 feet
Date: 31 Oct 1952 15 Nov 1952
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TEST LAYOUT:
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LOADING:

Shot "Mike"
Precursor: None
Main Pulse:  Rise Time — essentially zero
Peak Overpressure — 1,35 psi
Shot "King"
Precursor: None

Main Pulse:  Rise Time — essentially zero
Peak Overpressure — 18 psi

SUMMARY::
Wood parapet and sandbags were blown over entrances, no domage to concrete structure.

OTHER REMARKS:
Measurements of pressure and deflection were not made for this test station; hence,
response data was collected by visual inspection for general information purposes only.

SUBSEQUENT TESTING:
No data available.
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OPERATION: vy
PROJECT: Test Support Station
STRUCTURE IDENTIFICATION:  Station 307

CROSS REFERENCE INDEX:
TEST SUPPORT STATIONS — Reinforced Concrete Semi-Buried
Shelter

REPORT REFERENCES:
WT-641
Defense Atomic Support Agency
Washington 25, D.C.

LOCATION: Yvonne { Runit )
Eniwetok Proving Grounds

OBJECTIVES:

{Non-experimental structure). Structure used for test support purposes.

STRUCTURAL DESCRIPTION:
Reinforced concrete semi-buried siructure; walls and roof, 1 foot 3 inches thick with
1/2% main reinforcement for 9 foot clear span; earth cover, 2 feet thick over roof.

STRUCTURAL DETAILS:
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SOIL CHARACTERISTICS:

Coral sand. Fine to coarse sand with some fine gravel.

PREVIOUS TESTING: None

SHOT:

Name: “Mike" "King"

Type: Tower Air Drop
Yield: 14 MT -

Height of Burst: 20 feet 1480 feet
Date: 31 Oct 1952 15 Nov 1952

TEST LAYOUT: (See Test Layout, Page 50)

LOADING:

{ Overpressures at ground surface )

Shot "Mike"

Precursor: None
Main Pulse:  Rise Time — essentially zero

Peak Overpressure — 1.35 psi
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Shot "King"
Precursor: None
Main Pulse: Rise Time— essenticlly zero
Peak Overpressure — '1.0 ps’

SUMMARY:

The damage observations were of ¢ visual nature. Because there wsre two otomic
bursts at different points in Operation lvy, there was an overlap of air-burst effects
ot some points. This made it difficult to tell whot damage was caused by each shot.
Only minor damage was reported (a 12 inch pipe outlet was bent ); no damage to
concrete structure.

SUBSEQUENT TESTING:
No data available.



OPERATION: vy
PROJECT: Test Support Station
STRUCTURE [DENTIFICATION: Station 520

CROSS REFERENCE INDEX:
TEST SUPPORT STATIONS — Massive Reinforced Concrete Semi-
Buried Shelter

REPORT REFEREMNCES:
WT-641
Defense Atomic Support Agency
Washington 25, D.C.

LOCATION: Clara (Ruchi )
Eniwetok Proving Grounds

OBJECTIVES:
(Non-experimental structure). Structure used for test support purposes.

STRUCTURAL DESCRIPTION:

Massive reinforced concrete semi~buried structure; walls and roof 4 feet 4 inches
thick with 1/4% reinforcement in each face in two directions; clear span of 8 feet;
earth=fill cover approximately 4 feet deep.

STRUCTURAL DETAILS:  ( See Page 56)

SOIL CHARACTERISTICS:

Coral sand. Fine to coarse sand with some fine gravel.

PREVIOUS TESTING: None
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STRUCTURAL DETAILS:
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SHOT:

Name: "Mike" "King"

Type: Tower Air Drop
Yield: 14 MT -—

Height of Burst: 20 feet 1480 feet
Date: 31 Oct 1952 15 Nov 1952

TEST LAYOUT:
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LOADING :
( Overpressure at ground surface )

Shot "Mike"
Precursor: None
Main Pulse:  Rise Time — essentially zero
Peak Overpressure — 74 psi estimated

Shof "Kfng"
Precursor: None
Main Pulse:  Rise Time — essentially zero
Peak Overpressure — 0.3 psi

SUMMARY :
There was ne major damags; however, the top of the retaining wall at the rear of
the structure collopsed.

OTHER REMARKS:

Measurements of earth pressure and deflection were not made for this test station;
hence, response data was collected by visual inspection for general information pur-
poses only.

SUBSEQUENT TESTING: (WT-901)
This structure, also identified as Operation Costle, Structure 1810.05, was subject
to the following overpressure in Operation Castle:

Devic? code name “Nectar"
Location Eniwetok
Size of weapon 1.7 MT
Height of Burst Barge
Distance from GZ 7,553 feet
Peak overpressure 50 psi

The structure suffered minor damage where the top of the retaining wall collopsed
again and inuch of the earth cover was blown away .
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OPERATION:  Upshot-Knothole
PROJECT: 3.7
STRUCTURE IDENTIFICATION: 3.7

CRQOSS REFERENCE [NDEX:
BURIED CONCRETE — Reinforced Concrete Personnel Shelters

REPORT REFERENCES:
WT-726
Defense Atomic Support Agency
Washington 25, D.C.

LOCATION: Frenchman's Flat
Nevada Test Site

OBJECTIVES:

To obtain basic data for the development of criteria for the design of various devices
suitable as air intakes or ventilation ducts. (An underground reinforced concrete
structure, of interest here, has been used as a test facility. )

STRUCTURAL DESCRIPTION:

The test facility consisted of one large structure divided into several compartments
fo provide the required facilities. The main portion of the structure was divided into
two equal areas, and a portion of each of these large areas wos subdivided into three
separate chambers. The six chambers thus formed were 3 feet by 4 feet by 7 feet
high, and served as test chambers for the vents.

The concrete floor slab, roof slab and walls were 12 inches thick; and in general,
the design was based on the assumption that the slabs spanned the shart direction
only and were fixed af the supporfs.

The rcof slab was designed to experience minor cracking when subjected o o triangu-
lor loading pulse having a peak pressure of 60 psi and a duration of 100 msec.

The earth cover over the roof was 2 feet deep. Two test entranceways provided
access fo the structure.
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STRUCTURAL DETAILS:
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SOIL CHARACTERISTICS:
The soil of Frenchman's Flat consists of silt with « frace of clay and has a maximum dry

density of 96 to 108 pcf.

PREVIOUS TESTING: None

SHOT:
Shot 9 Shet 10
Name: "Encore" "Grable"
Type: Air Gun
Yield: 26.5KT 14.9 KT
Height of Burst: 2425 feet 524 feet
Date: 8 May 1953 25 May 1953



ouT:

{EsT LAY

ANGLE OF \NCL‘NAT\ON
LOADiNG:
Shot 9
Precursor Nene
Main pulse: Rise Time ™ essenﬁa\’ly zexo
Peck QOverpressure — 21 psi
Duration ™ £60 msec
ghot 10t
Precursof: Rise Time ™ essenﬂo\\y zero
Overpressure — 258
puration = 30 to 35 msec
1se Time = 10 to 13 msec
— 115 psi



SUMMARY:
No siructural damage occurred during Shot 9. Most data recorded for this shot was
from instrumentation on the ventilators.

The pressures produced by Shot 10 were twice the magnitude expected. Consequently
all of the ventilators failed in this shot except the rock grilles. A structural failure
occurred in the roof of one~half of the test shelter. The failure appeared to be pri-
marily a shear failure. The roof in the other half of the rest shelter showed no measur~
able permanent deformation.

OTHER REMARKS:

The results of Shot 10 were of interest because of the structural failure which occurred
in the roof of the structure in one-half of the test shelter. The roof had been designed
for a pressure of 60 psi, with design values that corresponded to a factor of safety of
about two.  Since the actual pressures obtained were just about those which should
have caused failure in the structure, it is not surprising that such a failure was observed.
However, the conditions of failure were somewhat unusual in that only one roof element
failed, apparently in shear, primarily; and the other showed no measuiabie permanent
deformation. It is not ot afi impossible, however, that there were differences in the
pressure levels on the different parts of the structure, which may have accounted for
these phenomena; or that because of construction details, the resistance of the two
roofs differed somewhat. This difference could easily have come about because the
structure was not intended to fail in the loading expected, and no precise inspection
leading to a close evaluation of strength was avaitable.

SUBSEQUENT TESTING:
No data available,
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SUMMARY:
No structural damage occurred during Shot 9. Most data recorded for this shot was
from instrumentation on the ventilators.

The pressures produced by Shot 10 were twice the magnitude expected. Consequently
all of the ventilators failed in this shot except the rock grilles. A structural failure
occurred in the roof of one-half of the test shelter. The failure appeared to be pri-
marily a shear failure. The roof in the other half of the test shelter showed no measur-
able permanent deformation.

OTHER REMARKS:

The results of Shot 10 were of interest because of the structural failure which occurred
in the roof of the structure in one-half of the test shelter. The roof had been designed
for a pressure of 60 psi, with design values that corresponded to o factor of safety of
about two. Since the actual pressures obtained were just about those which should
have caused failure in the structure, it is not surprising that such a failure was observed.
However, the conditions of failure were somewhat unusual in that only one roof element
failed, apparently in shear, primarily; and the other showed no measurable permanent
deformation. It is not at all impossible, however, that there were differences in the
pressure lavels on the diffcrent parts of the siructure, which may have accounted for
these phenomena; or that because of construction details, the resistance of the two
roofs differed somewhat. This difference could easily have come about because the
structure was not intended to fail in the locding expected, and no precise inspection
leading to a close evaluation of strength was available.

SUBSEQUENT TESTING:
No data available,
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OPERATION:  Upshot-Knothole
PROJECT: 3.8
STRUCTURE IDENTIFICATION: 3.8, 3.8b, 3.8¢

CROSS REFERENCE [INDEX:
LOADING-RESPONSE EXPERIMENTAL SYSTEMS — Buried Steel
Beam Response Elements

REPORT REFERENCES:
WT-727
Defense Atomic Support Agency
Washington 25, D.C.

LOCATION: Frenchman's Flat
Nevada Test Site

OBJECTIVES:

To determine the nature of forces transmitted through earth to buried structures from the
explosion in air of an atomic bomb; and, to determine the variation of these forces with
the depth of transmission through earth and with the flexibility of the structural elements.

STRUCTURAL DESCRIPTION:

Three structures { 3.8a, 3.80, uand 3.8c ) composed of concrete boxes with 8 feet long
simple supported steel beam strips as roofs. The beam strips for each of the structures
included members of each of three different degrees of flexibility; earth cover was 1
fooi, 4 feet, and 8 feet respectively.

STRUCTURAL DETAILS: ( See Page 64}

SOIL CHARACTERISTICS:

Tan silt with a trace of clay from Frenchman's Fiai; maximum dry density of 96.4 to
108.2 pcf and moisture content of 17.2 to 23.5%; backfill compacted to on average
dry density of 99.4 pcf; unconfined compressive strength of 4,17 tsf.

PREVIQUS TESTING: None
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STRUCTURAL DETAILS:
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SHOT:
Shot 9 Shot 10
Name: "Encore" "Grable"
Type: Air Gun
Yield: 26.5KT 14.9 KT
Height of Burst: 2425 feot 524 feet
Date: 8 May 1953 25 May 1953

TEST LAYOUT: ( See Page 65)

LOADING:
( Overpressures at ground surface }
Shot 9:

Precursor: None

Main Pulse:  Rise Time — essentially zero
Peak Overpressure — 15 psi
Duration = 700 msec

Shot 10:
Precursor: Rise Time -— essentially zero
Overpressure — 16 psi
Duration — 50 to 60 msec



Main Pulse: Rise Time — 15 to 20 msec
Peok Overpressure — 63 psi
Duration — 150 msec

TEST LAYOQOUT:
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SUMMARY :

Each structure had beum shrips designed such that some would respond elastically, some
plastically, and some would be in the intermediate range. However, overpressures pro-
duced by shots 9 and 10 were not large enough to produce stresses in the plastic range.
Beam strips were instrumented to measure earth pressures, transient strains, permanent
strains, transient deflections and permanent deflections. Since the recording devices
were located very close to ground zero, certain irregulorities existed in the transient
records. In spite of the above problems, valuable information was obtained showing

no effective attenuation of a pressure pulse applied at the surface with depth through the
subsoil when the pressure is transmitted to a structure in thesoil.

The analyses of the tast data indicate the following conclusions:

1. In well-compacted silty subsoil of the type at the test site, there is no effective
atteznuation of a pressure pulse applied at the surfoce with depth through the sub-
soi | when the pressure is transmitted to a structure in the soil. The transient, as
well as the permanent strcins and deformations of the beam strips, were of about
the saime order of magnitude at all three depths and showed only a slight decrease
for the 8 feet depth compored with the others. This indicates that for deflections
of less than 0.5 percent of the span and for depths of cover less than the span length
the dynamic "arching" phenomenon is negligible; and the beneficial effect of
added cover is primarily that due to the added mass of such a cover.

2. For underground structures having a net density less than that of the disploced soil,
the overall accelerations of the structure act to reduce the influence of the pressures
applied to the top of the structure. However, this influence is not large, and may
be neglected in design.

3. The lateral pressures exerted on vertical faces of a buried structure, produced by
pressures applied at the top surface of the soil, are of an order of magnitude of 15
percent of the vertical pressures on the surface for well compacted silty soils of
the type at the test site.

4. The pressures exerted upward on the base or floor slab of buried structures are
very nearly of the saume magnitude as the downward pressures on the ground surface.

QOTHER REMARKS: ( See Operation Plumbbob, Project 3.4 )

SUBSEQUENT TESTING:

Structural elements with certain modifications were included in the following projects:
Operation Teapot, Project 3.4 (WT-1127 ) (See text page 9I.)
Operation Plumbbob, Project 3.4 { WT-1423 ) (See text page 132.)



OPERATION:  Upshot-Knothole
PROJECT: 3.12
STRUCTURE IDENTIFICATION:  3.13q

CROSS REFERENCE INDEX:
EARTH-COVERED AND SEMI-BURIED CONCRETE — Semi=Buried
Precast Concrete Sheiter ( Gable )

REPORT REFERENCES:
WT-729
Defence Atomic Support Agency
Washington 25, D.C.

LOCATION: Frenchman's Flat
Nevada Test Site

OBJECTIVES:
To evaluate the effectiveness of earth cover against air blast in protecting above ground
buildings; ond to develop an analytical method for predicting their response.

STRUCTURAL DESCRIPTION:

The structure was o 100-person precast concre'e shelter developed by the Bureau of
Yards and Docks. The inside plan dimensions were 22 feet by 48 feet, and the interior
was sub-divided into three main sections by fwo precast concrete partitions.

STRUCTURAL DETAILS: ( See Page 68)

SOIL CHARACTERISTICS:
No soil data given; but soil at Frenchman’s Flat consists of silt with a trace of clay,
and has ¢ maximum dry density of 96 to 108 pcf.

PREVIOUS TESTING:

A similar structure was tested in Operation Greenhouse, Project 3.2.4a { Reference
WT-23, WT-24, WT-%1, WT-117)
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STRUCTURAL DETAILS: <
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SHOT:

Shot 9
Name: "Encore"
Type: Air
Yield: 26.5KT
Height of Burst: 2425 feet
Date: 8 May 1953 w
Range: 2780 feet o2
W
Q&
TEST LAYOUT: w &
z oy
~ a
=
552
NER
fa
3.13q N, 295
5. S wo
O Wi
® L
G
|
$ } } 1 . H—
. " - :
o
2 Q,
< o -
LOADING:
Shot 2:
Precursor: None

Main Pulse: Rise Time — essentially zero
Peak Overpressure — 10.8 psi
Duration — 700 msec

SUMMARY':
The response of the structure was completely elastic during Shot 9.

A similar structure 3.13b was fested os an uncovered above ground structure in Shot
9. Neither 3.13a or b wos extensively domoged. Subsequently, the cover was re-
moved from 3.13a and both structures were tested as uncovered above ground struc-
tures in Shot 10,

The primary mode of deflection of 3.12a, Shot 9, appeared to be crown down,
haunches out. Small cracks were observed in the end panels and the associated verti-
cal beams.

Treisient measurements of pressure, deflection, strain, forque and shear were made to
determine the loading and response of the structure.

SUBSEQUENT TESTING:

Operation Upshot-Knothole, Project 3.13b — Same structure with earth cover re-
moved ( WT-729 ).
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OPERATION:  Upshot-Knothole
PROJECT: 3.15
STRUCTURE [DENTIFICATION: 3.15

CROSS REFERENCE INDEX:
EARTH-COVERED AND SEMI-BURIED STEEL — Earth~-Covered
Corrugated Steel Arch Shelter

REPORT REFERENCES:
WT-729
Defense Atomic Suppart Agency
Washington 25, D.C.

LOCATION: Frenchman's Flat
Nevada Test Site

OBJECTIVES:
To evaluate the effectiveness of earth cover against air blast in protecting above-
ground buildings and to develop an analytical method of predicting their response.

STRUCTURAL DESCRIPTION.

The structure was a 25 feet by 48 feet steel arch personnel shelter manufactured by the
Armco Drainage and Metal Products, Inc. The barrel of the structure was an Armco
Multi-Plate arch composed of 10 gage curved corrugated and punched sheets that were
bolted together to form a semi-circular arch roof, the edges of the arch being bolted
to a longitudinal base channel.

The end walls were constructed of 3 gage corrugated sections. Entrance fo the shelter
was provided by a T-shaped, 84 inch, 10 gage Armco Multi~Plate pipe connected by
bolting to the end wall or bulkhead.

The foundation consisted of a 1 foot wide by 2 feet deep wall footing of reinforced
concrete. The shelter had no floor slob.

~1
(]



O‘ iG

Sh
ntcb‘e
Gun
14.9 KT
524 tee'
25 Nay

1953

2780 feet

.la‘



TEST LAYOUT:

FROM ACTUAL 8Z'S

3.18

GROUND ZERO (INTENDED)
- SEE SHOT DATA FOR RANGES

T
|

LOADING:
Shot 9:
Precursor: None
Main Pulse: Rise Time — essentially zero
Peak Overpressure — 10.8 psi
Duration — 700 msec

Shot 10:
Precursor:  Rise Time — essentially zero
Overpressure — 4 psi
Duration — approximately 70 msec

Main Pulse: Rise Time — 10 to 20 msec
Peak Overpressure — 8.1 psi
Duration — 400 msec

SUMMARY::

Shot 9

Damage to the entrance door, enirance bulkhead and failure of the bulkhead-to-tunnel
connection occurred. The only other visible damage to the structure was a crock in each
end wall foundation near the center line of the building. Evidence from deflection gages
indicates that the windward foundation dropped approximately 1.2 inches. Readings of per-
manent strain indicate minor connection slippage resulting in slight contraction of the arch.
T-shaped tunnels appear effective in eliminating reflected pressures on entrance doors.

Shot 10

Little detailed information is avoilable due to the loss of deflection goges. However, the
available evidence indicates that there was one major lurch of the building followed by a
rebound, after which the oscillations were irivial.

Instrumentation consisted of SR -4 strain gages connected with on oscillograph, BRL
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deflection goges, and scratch gages.

The steel in the arch barrel, with 3 feet of earth cover over the crown, remained
within the elastic range during both shots. The end wall which cestained no en-
trance tunnel sustained serious deflection and possibly represents the weakest com-
ponent of the structure.

OTHER REMARKS:

The structure, of flexible corrugated steel, responded in @ manner whereby the
structure and supporting soil acted as o unit. Subsequent testing, as indicated
below, further confirmed the importance of understanding the soil=structure inter-
action. This steel arch building remained in operational condition, and, except

for the door frame in Shot 9, would have provided satisfactory protection to personnel
during these two shots. See other remarks of Operation Teapot, Project 3.6;
Operation Plumbbeb, Project 3.3; and Operation Hardtack, Project 3.2.

SUBSEQUENT TESTING:

None for this structure. Similar structures were evaluated in *he following projects:
Operation Teapot, Project 3.6 (WT-1128) (See text page 95)
Operation Plumbbob, Project 3.3 (WT-1422) (See text page 127)
Operation Hardtack, Project 3.2 ( ITR-1626-1 and 1626-2 ) (See text page 189)
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OPERATION:  Upshot-Knothole
PROJECT: 21.1

STRUCTURE IDENTIFICATION:
21.1a, 21.1b, 21.1¢, 21.1d, 21.1e, 21.1f, 21.ig, 21.1h

CROSS REFERENCE INDEX:
BURIED-CONCRKETE — Reinforced Concrete Personnei Shelters

REPORT REFEPENCES:
WT-801
Federal Civil Defense Administration
Washington 25, D.C.

LOCATION: Yucca Flat
Nevada Test Site

OBJECTIVES:

To check the adequacy of eight outdoor shelters against gomma-radiation penetration
and therma! and blast effects. Four indoor type shelters were also evaluated but are
not included here, because data is not applicable to underground structure tests.

STRUCTURAL DESCRIPTION:
One of the structures was a reinforced concrete basement exit with three feet of earth
fill over the shelter area. {21.1u)

Three of the structures were covered trench shelters constructed of concrete block with
a 4 1/2 inch concrete slab for a roof. The three structures were located af various dis-
tances from ground zero. Two of the shelters had three feet of earth fill for cover,

and the third was covered with four and one-half feet of earth fill. ( 21.1b, 21.1c,
and 21.1h)

A wood covered french with three feet of earth fill for cover and concrete block walls

was used as one of the shelters. The shaft entrance to this shelter was not closed.
(21.1d)

One shelter consisted of a trench covered with a 4 1/2 inch concrete slab and three
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feet of earth fill cover.

(21.1e)

Concrete block was used, and the shaft entrance was closed.

A basement exit, constructed of concrete block walis with a six inch reinforced con-
crete slab roof, wos used with three feet of earth fill for one of the shelters. ( 21.1f )

A concrete pipe with a closed shaft entrance and threc feet of earth cover was used as
one of the shelters. (21.1g)

STRUCTURAL DETAILS:
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21.1b, 2t.1¢c, 21.1h — Covered Trench

ﬁ
H £

A o I3
t = ~

3-3"+ g-0"
PLAN n-3"+ o',
. [
21.1d
TE



SECTION A-A

21.1d — Wood Covered Trench
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21.1f — Block-Wall Basement Exit
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21.1g — Concrete Pipe With Closed Shaft Entrance

SOIL CHARACTERISTICS:

No soil data stated; however, backfill was typical of Yucca Flat ot the Nevada Test
Site. The alluvium in Yucca Flat varies in character from clay and silt-sized particles,
to cobbles and boulders. The composition of this matericl is chicfly limestone and
volcanic tuff with smaller amounts of other volcanics, quartzite, conglomerate and
sandstone. The alluvium is poorly consolidated except where the particles are cement-
ed by caliche or where beds of caliche exist. Density of the alluvium varies from 1.3
to 1.8 kilograms per liter; that is, 88 to 112 pounds per cubic foot.

PREVIOUS TESTING:

Similar structures were tested in Operation Buster~Jangle, Project 9.1a, at the Nevade
Test Site in Ocicber and November 1951. See WT-359 for details. (See text page 35)
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SHOT:

TEST LAYOQUT:

Shot 1
Name: "Annie”
Type: Tower
Yield: 16.4 KT
Height of Burst: 300 feet
Date: 17 March 1953

LOADING:

2]

21.

21
21

21

21,

2]

21,

80

da

Ib

de
.Th

.1d

le

LIf

Reinforced Concrete Basement Exit
Covered Trench ( 4'~6" cover )
Covered Trench ( 3'~0" cover )
Covered Trench ( 3'~0" cover )
Wood Covered Trench

Covered Trench With Ciosed Shaft
Entrance

Block-Wall Basement Exit

Concrete Pipe With Closed Shaft

Enfrance

range
( feet )

1230
1450
1800
3500
1800
1800
1800

1800

OVEI’PFESSUI’G
(psi)

23
15
10
not available
10
10
10

0




SUMMARY':

The concrete roof stabs of the structures were designed to resist a dynamic ioad with the
maximum midspan deflection limited to 1/30 of the span. However, since no cracking
occurred it was assumed that deflections were in the elastic range. The roof joist on
the wood-covered trench suffered no damage, but faulty construction caused failure ov
one wall. The overpressure was approximately helf of the expected value.

OTHER REMARKS:

Test data is not sufficient to permit any valid conclusions on structural response to be
drawn. Only two shelters ( 21.1e, Covered Trench With Closed Shaft Entrance and
21.1g, Concrete-Pipe With Clesed Shaft Entrance } were designed to prevent blast
pressures from entering the shelter. The fact that the other structures were "open"
ond that no internal transient pressure measurements were made, limits the volue of
information for structural dynamics correlation purposes.

NOTE:
The letters, a through h, used in this report to reference the individual sheiters do not
occur in the original report. In the report the shelters were referenced by name only.
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OPERATION:  Castle

PROJECT: Test Support Station
STRUCTURE IDENTIFICATION:  Station 200
CROSS REFERENCE INDEX:

TEST SUPPORT STATIONS — Massive Reinforced Concrete Semi-
Buried Shelter

This is the some structure identified as lvy 200; consequently, complete description
and other data is included under Operation lvy, Project 200. ( See text sage 44)
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OPERATION:  Castle

PROJECT: Test Support Station

STRUCTURE IDENTIFICATION:  Station 1810.05
CROSS REFERENCE INDEX:

TEST SUPPORT STATIONS — Massive Reinforced Concrete Semi-
Buried Shelter

This is the same structure identified as lvy 520, consequently complete description and
other data is included under Operation Ivy, Project 520. (See text page 55)
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OPERATION:  Teapot
PRCJECT: 3.3.1
STRUCTURE IDENTIFICATION: 3.3.1]

CROSS REFERENCE INDEX:
LOADING-RESPONSE EXPERIMENTAIL SYSTEMS — Buried Flexible

Measuring Devices

REPORT REFERENCES:
WT-1125
Defense Atomic Support Agency
Washington 25, D.C,

LOCATION:  Area T-10a, Yucca Flat
Nevada Test Site

OBJECTIVES:

To determine the influence of certoin parameters on the normaf { perpendicular ) foads
generated against o structure by earth-propagated pulses resulting from underground
explosions.

STRUCTURAL DESCRIPTION:

Fifteen flexible measuring devices consisting of a forward mass, 30 inches square,
connected by torque tubes to a relatively heavy rear supporiing mass were placed in
the earth so that the forward mass was normal to the earth propagated pulses.

STRUCTURAL DETAILS: ( See Page 85)

SOIL CHARACTERISTICS:

Great care was taken during the back filling operation in the field to try to restore

the earth to its undisturbed condition. In backfilling, the soil was tamped to 90 per-
cent optimum density between the devices and the undisturbed soil on the sides, front,
and back, which was about 2 feet all around.  Wood, concrete, and vegetable matter
were screened from the soil and precautions were taken by constant supervision in back-
filling to see that no dust or rocks were able to jom the devices.




STRUCTURAL DETAILS:
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PREVIQUS TESTING: None
SHQOT:
Shot 7
Name: ESs
Type: Undergreund
Yield: 1.1 KT _
Depth of Burst: 67 feet _>FMD |
Date: 23 March 1955 /./' © FMD 2
S FMD 3
TEST LAYQUT: cFMD 4
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3100 TO REFERENCE POINT |

- . - N ‘,\(./:/"‘\‘//’8 \ i R PN
\‘D;s\- 3 ‘B EARTH AROUND DEVICE
T—— . _ W WAS HAND TAMPED TO
: o h
SECTION A-A 90% OPTIMUM DEESITY
DEVICE——
LOADING:

Shot 7:
Peak pressure: Vuried from 102 psi to 5.3 psi as recorded by pressure gages
mounted on the front of the 15 flexible devices
Duration: Varied from 685 risec. to 400 msec.

SUMMARY :

Conclusions drawn were that the wide variation in peak gage pressures, at comparable
distances, seems to indicate a consideroble variation in the physical phenomenon be-
tween points, even when the points are relatively close together. This seems to be
supported by all pressure data obtained from the shét fired for this experiment as well
as pressure data obtained from all previous shots, regardiess of type. Consequently,
it is concluded that an individual measurement on o small portion of any area probably
will not give proper loading functions for that area.

SUBSEQUENT TESTING: None



OPERATION:  Teapot
PROJECT: 3.3.2
STRUCTURE IDENTIFICATION: 3.3.2

CROSS REFERENCE INDEX:
MISCELLANEQUS STRUCTURES ~— Buried Reinforced Concrete Box
( Cpen Top)

REPORT REFERENCES:
WT-1126
Defense Atomic Support Agency
Washington 25, D.C.

LOCATION: Area T-10a, Yucco Fiat
Nevada Test Site

OBJECTIVES:

(1) To obtain dota on the effect of a large=scale underground explosion of a nuclear
device on buried structures; {2 ) touse these data to develop design criteria for under-
ground structures; and (3 ) to correlate the results with previous test results obtained
both with relatively small high-explosive charges ( primarily at Dugway, Utah ) and
with results obtained from the Jangle underground atomic shot.

STRUCTURAL DESCRIPTION:

The two boxes were a modified version of the 0.5-~scale Type A box tested at Dugway,
Utah; and were located at horizontal distances of 200 to 250 feet from ground zero.
The near box was designated 3.3.2 al; and the far box, 3.3.2 a2. Each box consisted
of four vertical, reinforced concrete walls, without roof or floor; ond was cast in place
in an open cut and was backfilled subsequently so that its top was 3 feet 9 inches below
the original ground level.

The outside dimensions of the boxes were 12 feet & inches square by 8 feet 10 inches
high. The front and rear walls were 24 inches thick, while the side walls were 12 1/2
inches thick. The walls were reinforced with both tension and compression steel. For
the main steel in the front and rear wails, the ratio of the area of the steel to the area
of the concrete was 0.6 percent for both tension and compression reinforcemant .
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STRUCTURAL DETAILS:
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SOIL CHARACTERISTICS:

The excavation for these structures was made in a manner that the soil around the struc-
tures would be disturbed a minimum amount. That is, the cut was made as smoll as
possible; and it had nearly vertical sides. The base of each structure was placed on
undisturbed soil.

The excavated material was used in the backfill. This material was dampened and was
placed in the cut in approximately 6 inch layers. Hand pneumatic tampers were used
to compact each layer.

No rigid controls were used in placing the backfill, because it is believed that the
heterogeneous character of the soil did not warrant it. The soil is naturally hetero-
geneous, and this condition was compounded by excavation and construction performed
during Operation Jangle. '

Despite the lack of rigid control, it generally is believed that the density of the back~
fitl wos considerably greater than the density of the surrounding soil. During the post-
test surveys, it was intended that standard penetration tests be made in the backfifl

and in the surrounding soil to determine relative densities. However, it was impossible
to make these tests because of the rocky nature of the soil and its degree of compaction.

PREVIQUS TESTING: None
However, related structures were included in Operation Buster-Je . '=, Project 3.2
( WT-387 ) (See text page 16)

SHOT: Shot 7
Name: ESS
Type: Underground
Yield: 1.1 KT
Depth of Burst: 67 feet
Date: 23 March 1955

TEST LAYQUT:

4
\ yf"“’“’sf—/\
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LOADING:
measured predicied

location peak peak units

Structure Accelerotion 3.3.2a61 Front Wall 4,39 190 g
Reor Wall 6.49 95 g

Side Wall 7.2 n.s g

Structure Acceleration 3.3.242 Front Wa!! 1.7@ 60 g
Rear Wall 3.30 30 g

Side Wall 1.9 2.5 g

Structure Pressure Gage 3.3.2al  Front Wall 33.0 510 psi
Rear Wall 42.0 250 psi

3.3.2a2 Front Wali 53.0 165 psi

Front Wall 50.0 165 psi

Rear Wall 30.0 30 psi

Side Wall 18.0 55 psi

9 The electronic record had a very small amplitude trace. Because of this, the values
are not relicble.

b Acceleration is radial from ground zero.

SUMMARY':

The crater formed by the explosion was unexpectedly small, being 146 feet in radius, so
that the two strctures were approximately 50 and 100 feet from the edge of the crater.
The pressure measured on the front wall of the structure at the 200 foot range was approx-
imately one=fourth of the stress of 125 psi in the medium; while the pressure measured on
the front wall of the structure at the 250 foot range was slightly greater than the medium
stress of 41.5 psi. The structures responded primarily as rigid bodies and followed the
soi | motion; consequently there was no structural damage. The permanent movements

of the boxes were 3.8 feet and 0.5 foot, horizontally, away from the point of buist.

It is concluded that buried structures of the type tested are difficult to damage structurally,
uniess located within or close to the edge of the crater and that, for structures outside of
the crater, problems created by large earth movements and throwout might be critical for
structures relatively close to the edge of the crater.

SUBSEQUENT TESTING: None
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OPERATION:  Teapot
PROJECT: 3.4
STRUCTURE IDENTIFICATION: 3.44, 3.4b, 3.4c¢

CROSS REFERENCE INDEX:
LOADING RESPONSE EXPERIMENTAL SYSTEMS ~— Buried Steel
Beam Response Elements

REPORT REFERENCES:
WT-1127
Defense Atomic Support Agency
Washington 25, D.C.

LOCATION: Frenchman's Flat
Nevada Test Site

OBJECTIVES:

To determine the nature of forces transmitted through earth to buried structures from the
explosion in air of an atomic bomb; and to determine the variation of these forces with
the depth of transmission through earth and with the flexibility of the structural elements
subjected to these forces.

STRUCTURAL DESCRIPTION:

Three structures (3.4 a, 3.4b, and 2.4 ¢ } composed of concrete boxes with 8 feet

long simply supported steel beam strips as roofs { the beam strips for each of the structures
include members of each of three different degrees of flexibility }; the earth cover was

1 foot, 4 feet, and 8 feet, respectively. Three of the plastic or "P Beams” in eoch of
the structures were altered from those tested in Operation Upshot-Knothole as shown in
Structural Details.

STRUCTURAL DETAILS: (See Page 92)
SOIL CHARACTERISTICS:

Tan silt with o trace of clay. In its natural stote the soil is very friable. [t is hori-
zontally stratified, has vertical joints which are local zones of weakness, and contains
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many voids. Limited tests of the undisturbed soil in this area, prior to the Upshot-
Knathole tests, gave values of 86.6 pcf for the dry density, 10.4 percent for the water
content, and 95.5 pcf for the wet density. The unconfined compressive strength deter-
mined on three samples go're results of 1.1, 2.1 and 4.3 tons per square feet.

TYPICAL ELEVATION

1-231/4 x I/f2 PL } -201/4 x /2 Pl
2-18150 2-8123

h]_' ‘_”J N.A. s 'L I I -

2 L
o
z wy
' M BEAM
-

9.7|

E BEAM
|- 211/8 x 1/2 Pl F-211/4 x 1/2 Pl
4-7C9.8 4-7C 98
N.A. NA =~ = o
— ~ — - _ﬁ— =8
9 "j Yy
P BEAM MODIFIED P BEAM
(11/2" REMOVED FOR V'
EACH SIDE OF CENTERLINE)
SECTIONS

PREVIOUS TESTING: Operation Upshot-Knothole, Project 3.8 { WT-727 )(pp 63 )

In Upshot-Knothole, the structures were tested in two shots, the first producing an over-
pressure level on the ground surface of about 15 psi; and the second, about 63 psi. In
the first test, no damage or permanent deformation was expected or cbserved. In the
second shot, the pressures were of about the order of magnitude expectad in the design;
and only small permanent deflections were obtained. One of the main reasons that only
small deflections were obtained was that one set of beam strips ( the "plastic” beams
intended to be considerably weaker than the others ) were fabricated from steel having
a considerably higher yield point than was originally desired. Therefore only two
different yield strengths existed rather than the three that had been planned
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SHOT:

Shot 12
Name: MET
Type: Tower
Yield: 22 KT
Height of Burst: 400 feet
Date: 15 May 1955

TEST LAYOQUT:

ASSUMED
NORTH
3.40 (835'wW, 336'N)
3.4b (852’ W, 2091' N )
34c
500" o :
. RADius 90 l
J _BLAST LINE _ . _ .
1 =
62 |
SITE PLAN
39 = ? :O
© i L <L

T 33 l sl bl 4o T [:::

1 ELEVATION B-B

ELEVATION A-A

LOADING:
Shot 12:
Precursor: Rise Time — essentially zero
Overpressure — 52 psi
Duration — 30 msec
Main Pulse:  Rise Time — 20 msec

Peak Overpressure ~— 90 psi
Duration =— 20 to 100 msec

93



SUMMARY:

Each structure had beam strips designed so that some would respond elastically, some
plastically, and some would be in the intermediate range. Beam strips were instrumented
to measure transient deflections, accelerations, and beam strip reactions. Permanert
strains, peok transient strains, ond permanent deflections were also measured on the
beam strips. Transient air pressures were measured at the ground surface. Results ob-
tained indicate that the design of roofs for shallowly buried shelters should be based

on the overpressures at the ground surface when the depth of cover is no greater than the
roof span or when the structure is capable of moving with the surrounding media.

OTHER REMARKS:

The analysis of the test data showed that, with respect to their behavior, the beams
could be divided into two general groups. The response of all of the beams tested in
Upshot-Knothole, the beams in the shallowest structure, and all of the elastic beams
tested in Teapot indicated that there was no attenuation of pressure with depth. The
soil cover only added to the mass of these beam strips. The other group of beams in-
c¢ludes the more flexible plastic cnd intermediate beams tested in Teapot which were
buried at a depth of cover greater than one-half the span of the beams. The backfill
over these beams was not disturbed over a two-year period so that it had become well
consolidated. The response of these beams was very close to or slightly less than the
deflection corresponding to a static loading equal to the surface overpressures.

( See Other Remarks — Operation Plumbbob, Project 3.4)

SUBSEQUENT TESTING: Operation Plumbbob, Project 3.4 (WT-1423 ) (See text
page 132)
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OPERATION:  Teapot
PROJECT: 3.6
STRUCTURE IDENTIFICATION: 3.6

CROSS REFERENCE INDEX:
EARTH-COVERED AND SEMI-BURIED STEEL — Earth-Covered
Corrugated Steel Arch Shelter

REPORT REFERENCES:
WT-1128
Defense Atomic Support Agency
Washington 25, D.C.

LOCATION: Frenchman's Flat
Nevada Test Site

OBJECTIVES:

To determine the degree of protection that earth cover offers to aboveground structures;
and, particularly, to test the adequacy of an adaptation of a corrugated steel arch
ammunition magazine, similar to Upshot-Knothole Building 3.15, as a personnel shelter
were the primary objectives of Project 3 6 of Operation Teapot. Both the blast resisf-
ance and the radiation resistance of such structures were objectives of the test Because
the structure iested on Operation Upshot-Knothole sustained no significent damage, it
was an objective of the Teapot test to produce at least incipient collapse so that the
capabilities of this design would be bracketed. The long-range objectives were to
extend the knowledge of the benefits of earth cover in protecting aboveground structures
and to obtain further insight into the mechanism of these benefits toward the optimur.
design of aboveground shelters.

A further supplementary objective was to compare the performance of models with that
of full-scale structures, in order to permit more economical design of future tests.

STRUCTURAL DESCRIPTION:

Structure 3.6 was a 25 feet by 48 feet steel arch manufactured by Armco Drainage and
Metal Products.
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Structure Upshot-Knothole 3.15 was a 25 feet by 48 feet steel arch manufactured by
Armco Drainage and Metal Products. it was different from Structure 3.6 in its details.

Models No. 1 through No. 3 were corrugated stael, 1/4 scale models.
Models No. 4 through No. é were corrugated aluminum, 1/4 scale models.

STRUCTURAL DETAILS:
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Structure 3.6:
Dimensions — 25 feet by 48 feet
Steel Plates — 8 gage multiplate
Corrugation — nominal 1 3/4 inch by 6 inches
Foundation — 1 foot wide, 2 feet deep
Diometer of Arch — 23 feet
Diometer of Entrance Tunnel — 84 inches
Total Weight of Structure — 22,000 pounds

Structure Upshot-Knothole 3.15:
Dimensions — 25 feet by 48 feet
Steel Plotes — 10 gage multiplate
Corrugation — 2 inches by & inches
Foundation — 1 foot wide, 2 feet deep
Diometer of Arch — 25 feet
Diameter of Enfrance Tunnel — 84 inches

Models:
Dimensions — 1/4 size of structure 3.6
Steel — 3 models were steel
Aluminum — 3 models were aluminum
Corrugation — 2 5 inches by 0.5 inches

SOIL CHARACTERISTICS:
Brown sand, well-graded from very fine to very coarse; random stones to & inches in
diameter.

PREVIOUS TESTING:

Structure Upshot~Knothale 3.15 was previously tested in Operation Upshot-Knothale,
Project 3.15 ( WT-729 ). As damage had been smali, this structure was available for
retesting during Operation Teapot. (See text poge 70)

SHOT: Shot 12
Name: MET
Type: Tower
Yield: 22.0KT
Height of Burst: 400 feet
Date: 15 April 1955
TEST LAYQUT:
structure range from GZ ( feet )
3.6 1,500
3.15 { Upshot-Knothole ) 2,300
Model 1 1,400
Model 2 1,500
Model 3 2,000
Model 4 2,000
Model 5 2,500
Model 6 3,000
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LOADING:
( Overpressure at ground surface )

peak dynamic
structure overpressure  overpressure

{(psi) ( psi )
3.6 30 170
3.15 11 30
Model 1 35 200
Model 2 30 180
Model 3 19 64
Model 4 19 64
Model 5 9 14
Mode! 6 8 2

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 Project 3.6 was collapsed by these forces, but there is support for the belief that it
would have withstood the predicted values successfully.

The performance of the models was in accord with predictions. Of the three steel models
which were intended to collapse at the same values of applied externcl pressure as Struc-
ture 3.6, the two ot 1,400 feet and 1,500 feet, which received pressures similar to or
larger than those applied to Structure 3.6, collapsed. The one ot 2,000 feet, which
received roughly one third the pressure applied to Structure 3.6, remained standing.

Of the three aluminum models which were expected to fail under pressures roughly

one quarter of those which would produce failure in the main building, the one ot 2,000
feet did fail. The pressure at the structure was roughly twice that expected to produce
failure. Those at 2,500 feet and 3,000 feet, where the maximum pressures were less
than one quarter those applied fo Structure 3.6, experienced trivial deflections.

Structure Upshot~Knothole 3.15 withstood forces of 15 percent of those applied to
Structure 3.6, with trivial deflections.

O7THER REMARKS:
The drag sensitivity of the earth configuration obviously caused collapse of the Teapot
structure,

SUBSEQUENT TESTING:  None

Structures which were similar, but with different earth configurations, were tested in
Operation Plumbbob, Project 3.3 ( WT-1422 ) and Operation Hardtack, Project 3.2
(ITR-1626 }. (Sce text pages 127 and 189)
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OPERATION: Teapot
PROJECT: 34.3
STRUCTURE IDENTIFICATION: 34.3 al, 34.3 a2, 34.3bl1, 34.3b2

CROSS REFERENCE INDEX:
BURIED COMNCRETE — Reinforced Concrete Personnel Shelters

REPORT REFERENCES:
WT-1161, WT-1218
Civil Effects Test Group Report

LOCATION: Areas T-1 and T-4, Yucca Flot
Nevada Test Site

OBJECTIVES:
To evaluate shelter designs proposed by the Federal Civil Defense Administration
( FCDA ) for protection against nucleor and thermal radiation and blast effects.

STRUCTURAL DESCRIPTION:
Fifty person shelters for industrial and civic use. Four reinforced concrete buried
structures were tested.

Two were built for "Apple 1" shot and two for "Apple II" shot. One of each pair was
modified by a reinforced-concrete partition dividing the shelter into two chambers,

each 12 feet by 12 feet by 8 feet. These were tested with doors and escape hatches
open, but partially obstructed, ( hatches had an air inlet, 19 inches in diameter for
"Apple I"; 36 inches in diameter for "Apple I[" ) to meter air into the chambers at a
rate satisfactory to the requirements of the biomedical program ( Program 33 ). The
room into which the escape hatch entered was referred to as the "slow-fill" room;

ond the other, as the "fast-fill" room. Three shelters were oriented with the entrance
toward ground zero and the fourth ( Station 34.3 a2 ) was rotated 90° counterclockwise.
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STRUCTURAL DETAILS:
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Structure 34.3 al
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Structure 34,3 g2
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Structure 34.3 b1 and 34.3 b2
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SOIL CHARACTERISTICS:

No soil data stated; however, the backfill was typical ot Yucca Flat ot the Nevada

Test Site.

particles, to cobbles and boulders.

The alluvium in Yucca Flat varies in character from clov and silt-sized
The composition of this material is chiefly lime=-

stone ond volcanic tuff with small amounts of other volcanics, quartzite, conglomerate
The alluvium is poorly consolidated except where the particles ore
cemented by caliche or where beds of caliche exist. Density of the alluvium varies
from 1.3 to 1.8 kilograms per liter; that is, 88 to 112 pounds per cubic foot.

and sandstone .

PREVIOUS TESTING:

SHOT:

TEST LAYQUT:

None

_éSTA. 1

Name: "Apple I" "Apple II"
Type: Tower Tower
Yield: 14.2 KT 28.5 K7
Height of Burst: 500 feet 300 feet
Date: 29 Maren 1933 5 Mo 1955
) |
oNF
34.5-al
e BLAST LINE - —
0° BEARING
34.3-q2
Q l
!
Location of Test Structures for Shot “Apple 1 1050 RaDIUS |
\\
©
Q
BLAST LINE
N 150° BEARING
o
°
34.3-02
34-3"b2 '.,
Location of Test Structures for Shot "Apple 11" L?;SM Rg.[l).:f"e] /
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LOADING:

( Qverpressure ot earth surface )

structure Shot "Apple 1" Shot "Apple H"

34.3 ol 47 psi -—-

34.3 bl 47 psi -

34.3 a2 -—— 91.9 psi

34.4 b2 -—— 91.9 psi
SUMMARY :

Shot "Appie I" ( Structures 34.3 al and 34.3 b1 ):

Meither shelter suffered any visible damage. Appreciable dirt and missiles littered the
stuir wells. There was o separation between the grout under the steel plates that served
as supports for a concrete sliding door and the walls of the stair well of the structural
shelter.

The concrete sliding door was used only on the structural shelter ( 34.3 al ) and showed
no evidence of domage. The bars that served to lock the door against an upward motion
coused by negative pressures showed no distortion. The rubber mat between the door
and the steir well blew onto the steps.  The Navy type door and escape hatch in the
structural shelter were undamaged.

In the biomedical shelter { 34,3 b1 }, however, differential pressure between the fast-
fill and slow-fill rooms was enough to distort the cteel angle attaching the door frame
to the 1 foot concrete partition wall. Horizontal stiffeners prevented any significant
horizonfal distortion of the door; but considerable vertical distortion resulted from dis-
placement of the door frame.

Blast force distorted the vents, leaving them bent away from ground zero af an angle
of 30°.

Shot "Apple lI" ( Structures 34.3 62 and 34.3 bZ ):

Again, neither shelter suffered structural damage at the peak incident pressure of 92 psi,
but dirt and missiles littered the stair wells. The blast tore off the vent tee at the junc-
tion of the tee and the vertical pipe.

Station 34.3 a2: The Army Chemical Corps ventilation equioment suffered no discernible
damage. The failure of one of the rebounc boits from shearing of the threac indicates
that these bolts were loaded to the limit of their capacity at the tesi pressure.  An in-
crease in bolt diameter, and therefore thread capacity, would supply a reserve strencth
to the rebound connection,

Two wheels of the siliding door were destroyed by missiles, and the rubber soor bumper
blew into the stair well . Destruction of the wheels can be prevented by wicening the
door slab to provide a protective lip for the wheels. Despite the loss of the wheels,
the door could have been jacked open from the inside. The retaining wall around the
concrete door was damaged.

L
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Station 34.3 b2: Because of the larger opening { 36 inches instead of 19 inches } in
the slow-fill escape hatch, the peak unbalanced pressure beiween the rooms in the
biomedical shelter was proportionately less than in the "Apple |" shelter, and the
reinforced door frames in the partition wall sustained no plastic deformation from
this unbalanced pressure.

Based on free-soil accelerations in earlier tests, a maximum veeticcl acceleration of
25 g had been expected, but the measured vertical acceleration had a maximum posi -
tive (downward) acceleration of only 3.7 g.

SUBSEQUENT TESTING: None



OPERATION:  Redwing
PROJECT: Test Support Station
STRUCTURE [DENTIFICATION: Station 1311.04

CROSS REFERENCE INDEX:
1EST SUPPORT STATIONS — Massive Reinforced Concrete
Semi~Buried Shelter

REPORT REFEREMNCES:
WT-1631
Defense Atomic Support Agency
Washington 25, D.C.

LOCATION:  Yvonne (Runit)
Eniwetok Proving Grounds

OBJECTIVES:  ( Non-experimental structure }

Structure used for test support purposes, thus only visual post shot irspections were
made .

STRUCTURAL DESCRIPTION:

A massive reinforced concrete detector station mounded with 5 feet of earth cover.
STRUCTURAL DETAILS: ( See Poge 107 )

SOIL CHARACTERISTICS:

Coral sand. Fine to coarse sand with some fine gravel.

PREVIOUS TESTING: None

SHOT:
Name: "LaCrosse "
Type: Surface
Yield: 39 KT
Height of Bursi:  Surface
Date: 4 May 1956
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STRUCTURAL DETAILS:
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TEST LAYOUT: Not available

LOADING:

Peak Overpressure - 1,100 psi

SUMMARY:

Earth cover blown away; no damage.

SUBSEQUENT TESTING: None
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OPERATION: Redwing

PROJECT: Test Support Station
STRUCTURE IDENTIFICATION:  Station 1611
CROSS REFERENCE INDEX:

TEST SUPPORT STATIONS — Massive Reinforced Concrete Semi-
Buried Shelter

This is the same structure identified as Ivy 200; consequently, comnlete description
and other data is included under Operation Ivy, Project 200. (See text page 44)
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QOPERATION:  Plumbbab
PROJECT: 1.7
STRUCTURE IDENTIFICATION: 1.7

CROSS REFERENCE INDEX:
LOADING-RESPONSE EXPERIMENTAL SYSTEMS — Buried Response
Cylinders ( Drums with Flexible Diaphragms )

REPORT REFERENCES:
ITR-1406
Defense Atomic Support Agency
Washington 25, D.C.

LOCATION: Frenchman's Flat
Nevada Test Site

OBJECTIVES:

To study the factors affecting the transmission of air~blast-induced pressures in soil and
the loadings produced on buried structures by pressures in the 50 to 300 psi region.
Specifically, to study, extensively, (1) the attenuation of pressure in a sand depesit
when the water table is a few feet below the ground surface; ( 2} the effect of duration
of positive phase of blast on the pressure transmitted through such a soil; (3 ) the effect
of structure flexibility on the pressure acting on structures buried in such a soil; and

( 4) the relationship between horizontal and vertical pressures in such a soil.

STRUCTURAL DESCRIPTION:

Sixty-eight devices composed of rigid cylinders ( drums ) with deformable diaphragm
ends of five different thicknesses. These were buried at depths ranging from zero to
twenty feet. Thirty-eight were placed at the 100 psi location, fifteen at 320 psi, and
fifteen at the 50 psi location.  Most of the drums had a vertical orientation, but a few
had other orientations. The double ended drums were two feet in diameter and two feet
in length.
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STRUCTURAL DETAILS:
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SOIL CHARACTERISTICS:

The soil of Frenchman's Flat is a tan silt with a trace of clay which, in its natural state,
is very friable. The naiural soil has u well-developed system of both horizontal and
vertical joints. When water is added to the backfill material, a considerable amount
of mixing is required to obtain a uniform moisture content.

The soils specifications were drawn up so that the modulus of deformation of the com-
pacted backfill would approximate, as closely as possible, that of the natural soil in
place. To accomplish this, the water content specified was 3 per cent dry of optimum
and 100 per cent compaction.

PREVIOUS TESTING: None

SHOT:
Name: "Priscilla™
Type: Balloon
Yield: 36.6 KT
Height of Burst: 700 feet
Date: 24 June 1957

TEST LAYOUT: (See text pages t13, 114, 113)

LOADING:
distance from peak surface
GZ (feet) overpressure {psi)
Near Location 750 320
Intermediate Location 10 40 100
Far Location 1360 50
SUMMARY :

For a silty soil such as that found at Frenchman's Flat, there is considerable attenuation
with depth of an air-induced ground-transmitted pressure. The amount of this attenua-
tion is approximately 20 per cent at 5 feet, 40 per cent at |0 feet and 70 per cent at

20 feet. There is no large variation of this with surface peak overpressure in the range
of from 50 to 250 psi.

When the compressibility of a structure is greater than that of the soil it replaces, the
pressure on the structure is considerably less than that in the soil surrounding the struc-
ture. This decrease can amount to at least 50 per cent. Most of this decrease is
developed in a depth of burial equal to one-half of the span of the structure.

On the basis of limited data, the pressure on vertical faces of flexible structures varies
fron: 0.25 to 0.53 of the pressure on the horizontal fuces.
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It is recommended that, since the simple theory used gives reasonable results, further
analyticol studies be made to eliminote sc . f the upproximations and extend the theory

to include actual structural configurations.

SUBSEQUENT TESTING:
Operation Haordtack, Project 1.9 (WT 1614) (See text page [189)
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QOPERATION:  Plumbbob
PROJECT: 3.1
STRUCTURE IDENTIFICATION: 3.lq, 3.1b, 3.1¢, 3.1n

CROSS REFERENCE INDEX:
BURIED CONCRETE — Reinforced Concrete Arch Structures

REPORT REFERENCES:
WT-1420
Defense Atomic Support Agency
Weshington 25, D.C.

LOCATION: Frenchman's Flat
Nevada Test Site

OBJECTIVES:

To determine the suitability of underground concrete arches for use as protective shelters,
as well as their resistance in the high overpressure ranges ( 50 to 200 psi )} from a kiloton-
range air burst.

Specifically to: (1) compare the response of four underground conerete-arch structures
when subjected to controlled loading, ranging from design load through failure load;

{2) determine the load distribution on a buried arch due to a nuclear blast; {3) gain

a better understanding of the bosic response of that portion of the arch element which is
in no way affected by restraint or support from the end walls; (4) determine to what
extent the end walls of an underground arch offect its response; (5) study the interaction
of the soil and the structure in order to establish an idealized soil-structure system that
can be adapted to analytical treatment; (6} determine the amount of protection from
radiation provided by the structure; and (7) gain information of direct use in establish-
ing design criteria for a prototype cast-in~place concrete personnel shelter.

STRUCTURAL DESCRIPTION:

Four reinforced concrete arch structures, all placed underground with the top of the
crown 4 feet below the ground surface. The four arches were semicircular in cross
section, with on inside radius of 8 feet and a thickness of 8 inches. Three of the
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structures were 20 feet long, while the fourth was 32 feet long. The 32 foot fong struc-
ture was included to assure an unresirained seciion of arch essentially free of end-wail

effects, so that it could be determined how far and to what extent end walls offect arch
action.

STRUCTURAL DETAILS:
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SECTION B-R SRR

SOIL CHARACTERISTICS:
Clayey silt with uniform appearance and texture, with the following characteristics:
average water  average dry
content { pct)  density ( pef )

Undisturbed Natural Soii 12.8 79.0

Recommanded for Backfill 21.5 97.1

Control Tests during Backfill* 20.7 96.7

Preshot, 4 feet below 19.2 99.9
Surface of Backfill

Postshot, 4 feet below 18.5 99.2

Surface of Backfill
* Average of 40 samples per structure

PREVIOUS TESTING: None

SHOT:
Name: "Priscillg™
Type: Balloon
Yield: 36.6 KT
Height of Burst: 700 feet
Date: 24 lsne 1957

TEST LAYOUT: (See Page 11 }

LOADING:. Peak Air Overpressure at Ground Surface
3.1c 199 psi
3.1b 124 psi
3.1n 56 psi
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TEST LAYOUT:

3.n /

3.ia

| oz
PLOT PLAN |
ACTUAL
PREDICTED 39,8 KT__~
PREDICTED
PEAK OVERPRESSUR -
4
[+,
g8
©
[
I 1360
t L 1040’
l l L ge0’
=
: : : GROUND SURFACE
:uu & 3.In ta.lb ts.lc
ELEVATION
SUMMARY :

The four structures suffered only minor damage, all remaining structurally serviceable.
The structure at the 199 psi pressure level exhibited obvious cracking of the floor slab
and minor tension cracking of the arch intredos. Conclusions reached include:

The 3.1-type structure proved to be an adequate shelter for resisting air overpressure

of up to 200 psi; thereby showing that an underground reinforced-concrete arch is an
excellent type structure for use in providing protection against nuclear-blast effects.
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A reasonable design method for underground arches cannot be developed uniil more is
known about the dynamic properties of soil-structure combinations. These structures
were designed ossuming uniform symmetrical loading. In this case it was observed
that the earth pressure distribution around the relatively stiff arches was non-uniform
and slightly asymmetric, thus causing the arch to undergo appreciable bending.

The transient earth pressures exerted on structures of this type were greater at some
points than the ground-~surface air overpressure. This seems to be due to a combina-
tion of reflected and passive earth pressures.

The horizontal earth pressure resulting from ground-surface air overpressure is
apparently greater than had been previously anticipated.

Displacements of the 3.1 structures as a whole, as well as the relative deflection of
the crown, were minor, and directly proportional to the overpressure. During transient
loading. a nearby test structure buried ot the same depth, moved at approximately the
same rate and magnitude as the free=field surrounding soil.

The end walls affect arch action for o distance of about 1 1/2 times the arch radius.

Strain gage measurement of the test structure at the 56 psi level yielded valucble
information for determining moments and thrusts in the arch. Plane sections before
loading remained plane during loading. The vertical reactions ot the springing line
were approximately equal to the ground-surface air overpressure times the horizontal
projection of the arch structure. The largest moments and thrusts occurred near the
springing fine, and this would be the probable location of any failure.

OTHER REMAPKS:

It should be noted that a better understanding of soil=structure interaction is needed
not only for flexible metal structures, but also for the concrete arch structures des-
cribed above. Conventional methods of analysis tend to be particularly conservative;
hence, future efforts should be directed to loading response studies of this type when
subjected to long duration overpressures.

SUBSEQUENT TESTING: None
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OPERATION:  Piumbbdb
PROJECT: 3.2

STRUCTURE IDENTIFICATION:
3.20, 3.2b, 3.2¢, 3.2d, 3.2e, 3.2f, 3.2g, 3.2h, 3.2j, 3.2k, 3.2!,
3.2m

CROSS REFERENCE INDEX:
BURIED CONCRETE — Precast Concrete Pipe Sections ( 3.2e, 3.2,
3.21)
BURIED STEEL =—- Corrugated Steel Pipe Sections ( 3.2d, 3.2h )
( Cattlepass Sections — 3.2a, 3.2b, 3.2¢, 3.2f, 3.2g, 3.2k, 3.2m)

REPORT REFERENCES:
WT-1421
Defense Atomic Support Agency
Washington 25, D.C.

LOCATION: Frenchman's Flat
Nevada Test Site

OBJECTIVES:

To obtair. the necessary information from which to develop criteria for the economical
and practical selection of standard, commercially available conduit sections for use as
shelters to protect personnel from the effects of air blast and nuclear radiation was the
general purpose of this project.

The specific objectives were: (1) to mcke an empirical determination of the degree of
protection to personnel afforded by steel and concrete conduits at various depths of
hurial, when loaded in the high pressure region; {2) to assure that Department of De-
tense ( DOD ) Classes | and I protection ( 100 psi and 50 psi, respectively ) are afforded
by the use of buried conduits of various configurations,

STRUCTURAL DESCRIPTION:
Twelve commerciul conduits were buried at depths varying from five feet to ten feet.
Seven of the conduits were of the 10 gage corrugated steel coftlepass type; two
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conduits were 10 gage, 8'-0" diameier circular corrugated steel.

The remaining three

conduits were 8'~0" diameter circular precast concrete pipe, 9" wall thickness, rein-
forced only circumterentially with 2 lines totaling 0.57 square inches per linear foot.

STRUCTURAL DETAILS:

/

>—

Note:
Entrance arrangements

] 4—1 FILL ANATURAL und bU”(heOdS typical
‘ El
\ il SOIL for concrete and circular
B —= / teel secti
\ 3 P steel sections.
\w f " METAL CATTLE PASS
«n .
il B /
= |
'rL\ F 1 /
. V4 ]/ =B
I = qu GRADE
1 1 TR N,
| S, -l
|' 510" SPAN ‘ ! zlw SANDBAGS
b )=
SECTION B-B e
> |
VARIES 4
TIMBER BULKHEAD ! pom——————f [{ PLATE
T Br—eerereeees - ; WOOD
w’ 20-0 &-0" Diam. (8 Gage) f LADDER
| I 3] ke 2-6" Dlam,
5 TRUNK
~ i ' {8 Goge)
5 H
B o .

10 Gage CORR. STEEL

—— R

CATTLE-PASS TEST SECTION AND ACCESS PASSAGE

SOIL CHARACTERISTICS:

Backfill consisted of a gravelly, silty, sandy soil with a dry density of approximately

117 pcf. The average water content waos 8.1 percent, and the angle of internal friction
was approximately 36 degrees. The average cohesion was 6.1 psi.

PREVIOUS TESTING:

None

However, buried structures of this type were tested as "open structures" as follows:
Operation Buster-Jangle, Structure 9.1a
Operation Buster-Jangle, Structure 9.1b

1227



SHOT:  { See Page 175)

TEST LAYOUT: (See Page125)

LOADING: Structural Measurements

Conduit

Station Number

Type

Nominal Depth of
Earth Cover ( feet )

Peak Overpressure at
Earth Surface ( psi )

Positive Duration of
Pressure Pulse ( sec )

Peak Internal
Pressure ( psi )

Peak Downward Accel-
eration of Bottom of
Conduit {g)

Maximum Vertical
Deflection from
Scratch Gages ( in)

Residual Vertical
Deflection from
Scratch Gages ( in)

Gross Moverment of

Conduit Bottom Relative
to Reference Point from
D+9 Days Survey ( in)

3.2a
9016.01

Steel
cattle-

pass

7.5

149

0.232

3.7

8.0

-16/16**

-8/16

-5/8

* Gage failed to record

** Incomplete record

3.2b
9016.04

Steel
cattiz-
pass

10.0

126

0.206

<5

-17/15

~9/16

+7/8

3.2¢
2016.03

Steel
cattle-

pass

7.5

126

0.206

2.0

<5

~14/16**

-4/16

-11/2

3.2d
§018.01

Steel
circular

7.5

126

-12/16**

-8/16

~5/8

3.2e
9017.01

Concrete
circular

7.5

126

3.0

<5

-10/16

-5/16

-11/2
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3.2
9016.02

Steel
cattle=
pass

5.0

126

3.0

5.0

-16/16

-8/16

+1/8

124

3.2g
9016.05

Steel
cattle=
pass

7.5

100

0.333

2.0

3.0

-10/16

-3/16

-3/4

3.2h
9018.02

Steel
circular

7.5

100

0.333

1.3

<5

-14/16

-8/16

3.2]
9017.02

Concrete
circular

7.5

100

3.0

<5

-5/16

-2/16

~11/4

3.2
?016.07

Steel
cattle-
pass

7.5

60

<]0

-6/16

+1/16

3.2l
?017.03

Concrete
circular

7.5

60

0.361

1.5

<10

-5/16

-1/16

-15/8

3.2m
9016.06

Steel
cattle-
pass

5.0

60

1.7

<5

-4/16

+1/16

-11/4



SHOT:

Name: "Priscilla"
Type: Balloon
Yield: 36.6 KT
Height of Burst: 700 feet
Date: 24 June

TEST LAYOUT:

F-3.2-9017.034 7-6"
(3.21)0

F-3.2-9016.074# 7~ 7-6"
(3.2k}A

4 z sossos 7/
F, s(g 901&0205 o" o

1957

F-32-901 or,é;s'_'
6/

F-3 2-9018 Ol

AN ‘/ :
I 2-90IG 04 ic’ ¥

F 3 2- 90!6 Ot

ACCESS / ROAD

F-3.2-9016.06 f§5-0"
(3.2m)A F- 3(%23!(7)02/ 7-6"

of F-3.2-9018.02 §f 7-6"
& (3.2n@ /

F-3.2-90I16.05§ 7-6"
{(3.29)A !

9

Is

/
S
®
©

S~

™
G2
CATTLE PASS
CIRCULAR CONCRETE
CIRCULAR STEEL
X DEPTH OF COVER

[ RON 2
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SUMMARY':

Based on the preliminary data available, the report concludes that all types of
conduit sections tested provided adequate 100 psi protection. The structures were
instrumented with scratch deflection gages, self recording pressure versus time
gages, peak pressure gages, dynamic accelerometers, and peak accelerometers.
Structural deflections were minor.

In addition, for the particular conditions of this test and within the accuracy of
the overpressure megsurements, it was observed that all conduits tested provided
adequate protection again.t nuclear radiation. Present knowledge does not justify
making more general conclusions.

OTHER REMARKS:

Structures of this type could probably withstand considerably greater overpressures
under certain soil conditions and backfill techniques. The observations of this
project are particularly limited until an appropriate theory can be developed for
the response of fiexible conduit-soil interaction conditions.

SUBSEQUENT TESTING:  None
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OPERATION:  Plumbbob
PROJECT: 3.3
STRUCTURE IDENTIFICATION: 3.3q, 3.3b, 3.3c

CROSS REFERENCE INDEX:
BURIED STEEL — Corrugated Steel Arch Shelters

REPORT REFERENCES:
WT-1422
Defense Atomic Support Agency
Washington 25, D.C.

LOCATION: Frenchman's Flat
Nevada Test Site

OBJECTIVES:
To determine protection from blast and radiation offorded by earth-covered, prefabrica-
ted ammunition storage magazines used as personnel shelters.

STRUCTURAL DESCRIPTION:

Three earth-covered, prefabricated ammunition storage magozines were tested. All
three structures basically consisted of Navy stock, 25 feet by 48 feet ammunition storage
magazines { 10 gage Armco multiplate ). Two structures, 3.3a and 3.3c contained 6"
steel strengthening ribs.

STRUCTURAL DETAILS: ( See Pages 12&and 129)

SOIL CHARACTERISTICS:

Backfill existed of a gravelly, silty, sandy soil with a dry density of opproximately
115 pcf. The average water content was 8.1 percent; and the angle of internal
friction was 45 degrees. The average cohesion was 1.4 psi.

PREVIOUS TESTING:

Similar structures with different earth configurations were tested in OperofionJUpshor—
Knothole os Structure 3.15 and Operation Teapot as Structure 3.6. (See text pages 70
and 95)
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STRUCTURAL DETAILS:
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TEST LAYOUT:

F-3.3-39019,02

F-3.3-9060
BLAST CLOSURE
VALVE PLENUM

RANGE

F-3.3-9019.03

Gy

F-3.3-9018.0i

+

LOADING:

structure

Type of structure

Nominal depth of earth cover ( feet }
Peak Overpressure at earth surface { psi )
Positive duration of pressure pulse { msec )
Dynamic pressure { psi }*

Peak internal pressure ( psi )

Peak vertical acceleration of floor (g )

3.3a

Ribbed

5

100

333

310

2.7
<3

3.3c

Ribbed
5

60

200
0
<3

3.3

Not ribbed
5

60

361

200

1.0

<3

* From preliminary composite dynamic pressure curve for height of 3 feet
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SUMMARY:

Pieliminary deiu indicutes that the structural systems tested provided sdequate 50 psi
protection. All structures provided adequate total protection agornst the initial gamma
and neutron radiation from a 39.0 KT relatively high neutron flux device. Instrumenta-
tion consisted of scratch type deflection gages, self-recording pressure versus time
gages, peak-pressure gages, dynamic accelerometers, ond peak accelerometers. Radia-
tion instrumentation consisted of gamma film packets, chemical dosimeters, and neutron
threshold devices.

The unreinforced 4" concrete floor slab of structure 3.3a exhibited minor cracking as
g

shown in the following plan. The footings were not integral with the slab and deflected
downward. Cracks appear te be due to frictional drag of the moving footings.

[ d | ™

GZ

CRACK PATTERN OF FLOOR -~ STRUCTURE 3.3a

In addition, for the particular conditions of this test and within the accuracy of the
overpressure measurements, it was observed that:

(1) The steel arch structure without arch ribs withstood o peak overpressure of 56 psi
with no significant structural damage.

(2) The steel arch structure with arch ribs withstood a peak overpressure of 100 psi
with minor joint slippage ond floor cracking.

( 3) All three structures tested provided adequate protection against nuclear rodiation.
SUBSEQUENT TESTING: None

Structures of a similar type were tested in Operation Hardtack, Project 3.2 (WT-1626).
{See text page 189)
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OPERATION:  Plumbbeb
PROJECT: 3.4
STRUCTURE IDENTIFICATION: 3.4a, 3.4b, 3.4c

CROSS REFERENCE INDEX:
LOADING-RESPONSE EXPERIMENTAL SYSTEMS — Buried Steel
Beam Response Elements

REPORT REFEREMNCES:
WT-1423
Defense Atomic Support Agency
Washington 25, D.C.

LOCATION: Frenchman's Flot
Nevada Test Site

OBJECTIVES:

To determine the blast response of underground beams in order to supplement the findings
of the original tests { Operation Upshot-Knothole, Project 3.8 and Operation Teapot,
Project 3.4 ) with respect to effective vertical earth pressures and their attenuation
with depth.

STRUCTURAL DESCRIPTION:

Three structures, 3.4a, 3.4b, 3.4c consisted of concrete boxes with 8 foot long simply
supported steel beam strips as roofs. The beam strips for each of the structures included
members of each of three different degrees of flexibility; earth cover was 1 foot, 4 feet,
and 8 feet respectively. Three of the plastic or "P Beams" in each of the structures
were altered from those tested in Operation Upshot-Knothole as shown in Structural
Netails.

STRUCTURAL DETAILS: (See Page 133)
SOIL CHARACTERISTICS:

Tan silt with a trace of clay. In its natural state the soil is very friable. It is horizon=
tally stratified, has vertical joints which are local zones of weakness, and contains mony
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voids.

tests gave values of 86.6 pcf for the dry density,
The unconfined compressive strength determined

and 93.5 pcf for the wet density .

Limited tests of the undisturbed soil in this area prior to the Upshot=Knothele

10.5 percent for the water content,

on three sampies gave results of 1.1, 2.1. and 4.3 tons per square foot.

No additione! soil data was obtained during Operation Plumbbob.

STRUCTURAL DETAILS:

el_ oll

Gll—_]“ 'I_ O“ J 6"_'

2-2" |
|

TYPICAL ELEVATION

1~231/4 x 1/2 PL.
2-15150

97" [P
i

I -201/4 x 1/2 PL.
4- 70986

} =

| I B
F
7o)

[ ——] 2

P BEAM

SECTIONS

PREVIOUS TESTING:

- 201/4 x 1/2 PL.
2-8123

[

1D

M BEAM

i-2]1/4 x 1/2 PL.
4- 7L 9.8

T 1

MODIFIED P BEAM

(11/2" REMOVED FOR I
EACH SIDE OF CENTERLINE)

Operation Upshot-Knothole, Project 3.8 (WT-727 ) (See text page 63)

Operation Teapot, Project 3.4 (WT-1127)

(See text page 91)
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SHOT:

Name: "Priscilla"
Type: Balloon
Yield: 36.6 KT
Height of Burst: 700 feet

Date: 24 June 1957

TEST LAYOUT:

3.4a 8'784 —(835'w, 336'N)

{(852' W, 281'N)

LAST LINE

ASSUMED
NORTH

3.4b
3.4c¢
[
1
[ s
|
SITE PLAN
©
®

T‘ 3.4¢

ELEVATION

LOADING:
Shot 5:
Precursor:

Main Pulse:

Rise Time — essentially zero
Overpressure — 235 psi
Duration — 55 msec

Rise Time — 45 msec
Peak Overpressure — 160 psi
Duration — 180 msec

ELEVATION B-B




SUMMARY :

The results of this test were made uvailuble fo personnel engaged in the two previous
tests. It was the concensus of opinion that, while the data could well serve to further
the findings of the earlier tests, this weuid require extended onalysis. Such an effort
could not be undertaken within the scope of the present program; thereflore, no quenti-
tative interpretation of resulis is offered. Certain qualitative observations, however,
were clear.

On the basis of the measured beam response there seemed to be no doubt that in the
type of soil encountered, there was a significant attenuction of effective vertical earth
pressures within the first few feet of depth. (Effective vertical earth pressure refers

to the damage producing agent, not to the free-field pressure; in other words, the test
results show a significant damage attenuation with depth. ) The opposite conclusion
was reached in the original Upshot-Knothole 3.8 test and waos apparently reaffirmed in
the Teapot 3.4 test.

Ancther conclusion reached in earlier tests was that the beams behaved as though
loaded with the vertical forces acting on the earth's surface immediately overhead.
In view of the significant variation in response of presumably identical beams in the
same structure, it does not seem reasonable to assign only a passive role to the soil in
regard to the transmission of vertical pressure.

it is believed that the Plumbbob test was extremely worthwhile and that the data
gathered represented o significont addition to the limited empirical information re=~
lating to the blast response of underground structures.

OTHER REMARKS:

The conclusions reached in eorlier tests relating to the lack of attenuction with depth
of effective vertical earth pressures and the response of the test beams to these loads
need to be re-evaluated in light of the Plumbbob test data.

SUBSEQUENT TESTING: None
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OCPERATION:  Plumbbob
PROJECT: 3.5
STRUCTURE IDENTIFICATION: 3.5

CROSS REFERENCE [INDEX:
LOADING-RESPONSE EXPERIMENTAL SYSTEMS — Buried Isolated
Response Cy linders

REPORT REFERENCES:
WT-1424
Defense Atomic Support Agency
Woashington 25, D.C.

LOCATION: Frenchman's Flat
Nevada Test Site

OBJECTIVES:

The overall objective was to make an initial study of the benefit derived from special
backfills in isolating or protecting underground structures and their contents from the
physical effects of expiosions. The immediate objective was to test the value of two
specific forms of special backfill — namely, frangible elements and shear barriers.

STRUCTURE DESCRIPTION:

For this experiment, two test structures and one comparison structure were used. Each
test structure consisted of o reinforced concrete pipe enclosing a steel cylinder separated
from the pipe by rubber "O" rings. Ovutside the concrete pipe wos a special frangible
backfill ( gloss bottles ) around the sides and bottom. The comparison structure consisted
only of a concrete pipe with a solid concrete bottom. All three structures were placed
below ground with their axes vertical and their tops approximately 2 feet below ground
level, and with a concrete slgb 1 foot thick and 15 feet wide cbove each. One test
structure and the comparison structure were ploced 750 feet from ground zero { 300 psi
predicted peak overpressure; 229 psi actual ). The remaining test structure was placed
1,050 feet from ground zero ( 100 psi predicted peak overpressure; 104 psi actual ).
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STRUCTURAL DETAILS:
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SOIL AND SPECIAL BACKFiLL CHARACTERISTICS:

The excavation for these structures was accomplished by power augering. For each
structure a hole was augered 5 1/2 feet in diameter and 15 feet deep. The backfill
of dry sand was cempacted by eccentric vibrators commonly used in the placement of
concrete .

It was considered desirable that the frangible bockfill should: (1) have a small elastic
compressive change of volume under the static foundation loads; (2) be impervious ta

waier; and (3) fail and form voids under the influence of stresses produced by explosions.

Considerotion of various possibilities led to the conclusion that glass bottles were attrac-

tive from the standpoint of stiffness, water imperviousness, ond good aging characteristics.

It is further concluded that square shapes, with their better characteristics of frangibility
would be more satisfactory than round ones.  Specifically, it was recognized that the
collapse under external pressure of square shapes was likely to be both more uniform and
at a lower value of pressure than that of round shapes.

It was desired that the frangible elements withstand, without failure, pressures of the
order of 20 psi. It was desirable to find frangible elements that definitely would fail
at pressures little above the value of 20 psi, since the project would fail to obtain date
if the frangible backfill were not broken by the explosion forces.

Laboratory experiments on a wide range of sizes and shapes of glass bottles disclosed that
square gin bottles most closely titted the desired specifications. Quart gin bottles were
found to fail under external pressures runging from 30 to 50 psi, with the major fraction
failing between 25 and 45 psi. The next strongest alternatives tested were square miltk

bottles, which failed at pressures of approximately 65 psi. All bottles of smaller size
withstood 100 psi successfully.

To avoid complete collapse, the bottles were placed around the side of the structure so
that they covered about 53 percent of the area. Thus, there remained about 47 percent
of the area in which the sand bockfill was initially in contact with the structure. Since
it was expected that the earth ( motion ) stresses and strains would be first a vertical com-
pression and then a radial compreszion, it was decided that the bottles should be placed
with their axes horizontal rather than vertical. With this orientation, the frangible

backfill would be expected to collapse at an earlier time and under o lower total stress
than with any other orientation.

The design of the frangible backfill below the bottom of the concrete pipe and of the
inner cylinder required a quite different approach, because the applied forces were
expected to be of on entirely different character. It was estimated that the vertical
motion of the soil at the 12 foot depth, where the bottoms of the siructures were, would
be a nearly instantaneous downward displacement of between 1 and 6 inches. If either,
or both, the frangible backfill outside the concrete pipe and the rubber rollers between
the inner cylinder and the concrete pipe served os satisfactory shear barriers, it was
expected that the structures would remain essentially stationary during this downward

displacement of the soil. Hence, the problem of designing the frangible backfill
138
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underneath the structures was primarily the problem of minimizing the upward accelera-
tion required to reduce their velocity to zero at the time they returned to contact with
the soil that had dropped out from under them.

Just as in the case of the frangible backfill at the sides, complete collapse of the bottom
backfill was not desirable. For both the inner cylinder and the outer concrete pipe, the
the static vertical load was carried by the square bottles. To avoid the catastrophic
collapse when the bottles broke, styrofoom columns were placed between the bottles.
Preliminary tests showed that tapered columns ( wedges ) were superior to straight-sided
ones; hence, tapered styrofoam columns were placed between the bottles under the

inner cylinder. The weight of the outer cylinder ( 4,800 pounds ) required eight bottles
for support under static conditions, and the remaining space was sufficient only for
straight~-sided styrofoam columns.

PREVIOUS TESTING: None

SHOT:
Name: "Priscilla™
Type: Balloon
Yield: 36.6 KT
Height of Burst: 700 feet
Date: 24 June 1957

TEST LAYOUT:

/‘\\\“\u\,, 1050
J' t\&d\
BLAST LINE iy ——
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o —_
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J n MEASUREMENTS

P Q_
TEST STRUCT. }lgi TEST STRUCTURE {(No. I}
(No. 3) L

1
arel

35"

O\compAmson STRUCT. (No. 2)

LOADING:
( Peak surface air overpressure )
750 foot range: 229 psi
1050 foot range: 104 psi

139




SUMMARY':

The conclusions derived from this experiment is that special backfills designed to reduce

the coupling between underground structures and the surrounding soil have significant
promise .

The following specific conclusions are drawn:

(1) The peak downward acceleration of the outer part of Structure No. 1 ( test } was
26 percent of the corresponding free-field value at a 10 foot depth. This is the best
evidence of the value of the frangibie elements and sand.

(2) The peak downward acceleration of the inner part of Structure No. 1 ( test } was
21 percent of that of the outer cylinder. This is the best evidence of the value of

the rubber "C" rings as shear barriers. [t suggests promise of lubricant~type shear
barriers.

(3) The horizontal motion of the inner part of Structure No. 1 ( test } was significantly
less than that of the free field at 10 foot depth or of Structure No. 2 ( comparison ).
Since both the frangible backfill and the "O" rings acted as compression barriers to
horizontal motion, it is not pessible to conclude which type of isolation gave the most

benefit. The motions were small, and it may well be that the resiliency of the "O"
rings was a major factor.

(4) The horizontal motion of Structure No. 2 ( comparison ) was approximately the
same as that of the free field at « 10 foot depth.

(5) The peak downward acceleration of the cuter part of Structure No. 3 ( test ) was
less than 50 percent of the corresponding value at a 10 foot depth. This describes the
value of the frangible elements and sand for this structu-e .

(6) The horizontal motion of the inner part of Structure No. 3 ( test ) showed important
departures from the motion of the free field 10 foot depth. These differences were
believed to be due primarily to the effect of the "O" rings; but the effect of the frangible
elements and sand were also included, and the two cannot be separated.

(7) The benefits of this specific arrangement of frangible backfill and sand were signi-
ficant at the 104 psi overpressure level, and were more impressive at the 229 psi level.

SUBSEQUENT TESTING: None
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OPERATION:  Plumbbot:
PROJECT: 30.2
STRUCTURE IDENTIFICATION:  30.2

CROSS REFERENCE [INDEX:
BURIED CONCRETE — Reinforced Concrete Parking Garage-Shelter

REPORT REFERENCES:
ITR-1449
Civil Effects Test Group Report
Available through Office of Technical Services
Department of Commerce
Washington 25, D.C.

LOCATION: Frenchman's Flat
Nevada Test Site

OBJECTIVES:
To evaluate the capabilities of a reinforced concrete dual purpose underground parking

gorage and personnel shelter in providing protection against the effects of a nuclear
weapon .

STRUCTURAL DESCRIPTION:

The test section was a below grade flat slab structure with an interior floor area of
7569 square feet { 87 feet by 87 feet ) and nine interior columns 29 feet on center.
Access was provided by a 14 foot wide vehicular ramp along one side of the structure.
The roof slab was 3 feet below grade and the walls of the structure were 12 inches
thick, except for the exposed wall along the ramp which was 4 feet 6 inches thick.

STRUCTURAL DETAILS: ( See Page 142)
SOIL CHARACTERISTICS:
The soil possessed a state of high consolidation and a natural prestress of 10 tsf. A

perculiar characteristic of the soil was high triaxial stresses and small strains at failure
os evidenced by laborarory tests.

PREVIOUS TESTING: None
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STRUCTURAL DETAILS:
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SHOT:

Name: "Priscilla™
Type: Balloon
Yield: 36.6 KT
Height of Burst: 700 feet
Date: 24 june 1957
TEST LAYOQUT:
N
W.P

STRUCTURE 30.2

[—OUTSIDE CF FOOTING LINE

—s P

LOADING:
Limited information available. The peak incident overpressure measured on the earth
surface was 42 psi.

SUMMARY :

The test structure provided adequate protection against blast and radiation. The rise

in interior pressure did not exceed 1.0 psi. The only failures that occurred were the
end retaining wall near the entrance and the pneumatic seal around the door frame.
Instrumentation consisted of Wyancko pressure gages, Carlson earth pressure gages,
dynamic pressure gages, and a self recording pressure gage. Radiation measurements
were taken using film dosimeters, gamma radiation chemical dosimeters, and one gammo-
rate telemetering unit.

OTHER REMARKS:
The flat-siab roof and supporting structure are more than adequate to resisi the 42 psi
peak incident test loading.

The shear stresses used for design were substanticlly in excess of values recommended by
other sources and were conservative.

SUBSEQUENT TESTING: None
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OPERATION:  Plumbbob
PROJECT: 30.3

|
STRUCTURE IDENTIFICATION: 30.3 ‘

CROSS REFERENCE INDEX: |

SEMI-BURIED CONCRETE = Semi=-Buried Reinforced Concrete
Family Shelters

REPORT REFERENCES:
ITR-1450
Civil Effects Test Group Report
Available through Office of Technical Services
Department of Commerce
Washington 25, D.C.

LOCATION: Frenchman's Flat
Nevada Test Site

OBJECTIVES:

To determine the level of protection afforded by a concrete family type shelter; and
to collect data to aid in establishing criteria for future designs.

STRUCTURAL DESCRIPTION:
The three structures were constructed of reinforced concrete, and were designed to

accommodate six persons and supplies for seven days. Added protection was gained by
mounding earth over the reinforced concrete structures.

STRUCTURAL DETAILS: ( See Page 14 5)

SOIL CHARACTERISTICS:

Soil consisted of a dessicated brown clayey sili.

FREVIOUS TESTING:  None
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STRUCTURAL DETAILS:
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SHOT:

Name: "Priscilla®
Type: Ralleon
Yield: 36.6 KT
Height of Burst: 700 feet
Date: 24 June 1957

TEST LAYOUT:
The ranges of the thiee structures that were placed ot Frenchman's Flat were at over-
pressure locations of 65 psi, 48 psi, and 20 psi.

LOADING:

Only limited information available. Assumed loadings for the three structures are 65 psi,
48 psi, and 30 psi.

SUMMARY:

Examination revealed tha* there was little or no deflection in the reinforced concrete
members. Permanent damage was confined to the exposed portions of the ventilation
pipes, which were bent to a nearly horizontal position.

SUBSEQUENT TESTING: None




OPERATION:  Plumbbob
PROJECT: 30.6
STRUCTURE IDENTIFICATION:  30.6 li-1

CROSS REFERENCE [NDEX:
BURIED CONCRETE — Reinforced Concrete Box Section Personne!
Shelter ( French Type )

REPORT REFERENCES:
WT-1453

Civil Effects Test Group Report

Available through Office of Technical Services
Department of Commerce

Washington 25, D.C.

LOCATION: Yucca Flat
Nevada Test Site

OBJECTIVES:
Not available; however, it is presumed to be the evaluation of personnel structures
subjected to overpressures from atomic weapons.

STRUCTURAL DESCRIPTION:
French personnel shelter Type 60 — buried reinforced concrete box structure, 2 feet
thick in floor, walls, and roof.

STRUCTURAL DETAILS:
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SOiL CHARACTERISTICS:

No soil data stated; however, backfili was typical of Yucca Flat at the Nevada Test
Site. The alluvium in Yucca Flat varics in character from clayey and silt-sized
particles, to cobbles and boulders.  The composition of this material is chiefly lime-
stone and volcanic tuff with smaller amounts of other volcanics, quartzite, conglomer~
ate and sandstone. The alluvium is poorly consolidated except where the particles
are cemented by caliche or where beds of caliche exist. Density of the alluvium
varies from 1.3 to 1.8 kilograms per liter; thot is, 88 to 112 pounds per cubic foot.

PREVIOUS TESTING:
None in the United States.

SHOT:
Name: "Smoky"
Type: Tower
Yield: 43.8 KT
Height of Burst: 700 feet
Date: 31 August 1957
Range: approx . 900 feet
LOADING:
Peak Overpressure: 145 psi ( approx. )
Positive Phase Duration: 0.24 sec
SUMMARY:

The exposed entranceways of the structure were scoured by the blast. Above ground air
stacks were severely damaged. The pattern of cracks in the entranceway roof, walls and
stairs indicated that the concrete construction was forced outward into the soil. Crack-
ing was extensive but of small sizes. Only minor cracks occurred in the below ground
areas.




OPERATION:  Plumbbob
PROJECT: 30.6
STRUCTURE IDENTIFICATION: 30.6 11-2

CROSS REFERENCE [INDEX:
BURIED CONCRETE — Precast Concrete Pipe Sections

REPORT REFERENCES:
WT-1453
Civil Effects Test Group Report
Availgble through Office of Technical Services
Departmer. of Commerce
Washington 25, D.C.

LOCATION: Yucca Flat
Nevada Test Site

OBJECTIVES:

Not available; however, it is presumed to be the evaluation of personnel structures
subjected to overpressures from otomic weapons.

STRUCTURAL DESCRIPTION:
French personnel shelter Type 50. Buried reinforced concrete underground structure
consisting of 10 inch thick precast rings. Entrance was of poured-in-place concrete.

STRUCTURAL DETAILS.

SECTION
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SOIL CHARACTERISTICS:

No soil data stated; however, backfill was typical of Yucca Fiat at the Nevada Test
Site. The alluvium in Yucca Flat varies in character from clayey and silt-sized
particles, to cobbles and boulders. The composition of this material is chiefly lime-
stone and volcanic tuff with smaller amounts of other volcanics, quartzite, conglomer-
ate and sandstone. The alluvium is poorly consolidated except where the particles
are cemented by caliche or where beds of caliche exist. Density of the alluvium
varies from 1.3 to 1.8 kilograms per liter; that is, 88 to 112 pounds per cubic foot.

PREVIOUS TESTINC:
None in the United States.

SHOT:
Name: "Smoky "
Type: Tower
Yield: 43.8KT
Height of Burst: 700 feet
Date: 31 August 1957
Range: approx . 700 feet
LOADING:
Peck Qverpressure: 115 psi ( approx. )
Positive Phase Duration: 0.24 sec
SUMMARY :

No damage to poured concrete; however, circular precast rings exhibited extensive
cracking ond spalling.
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OPERATION:  Plumbbob
PROJECT: 30.6
STRUCTURE [DENTIFICATION: 30.6 I1-3

CROSS REFERENCE INDEX:
BURIED CONCRETE ~— Reinforced Concrete Box Section Personnel
Shelter ( French Type )

REPORT REFERENCES:
WT-1453
Civil Effects Test Group Report
Available through Office of Technical Services
Department of Commerce
Washington 25, D.C.

LOCATION: Yucca Flat
Nevada Test Site

OBJECTIVES:
Not available; however, it is presumed to be the evaluation of personnel structures
subjected to overpressures from atomic weapons.

STRUCTURAL DESCRIPTION:

French personnel shelter Type 65. Buried reinforced concrete structure with floor, walls,

and roof two feet thick.
STRUCTURAL DETAILS: ( See Page 152)

SOIL CHARACTERISTICS:

No soil data stated; however, backfill was typical of Yucca Flat at the Nevada Test
Site. The alluvium in Yucca Flat varies in character from clayey and silt-sized
particles, to cobbles and b oulders. The composition of this material is chiefly lime-
stone and volcanic tuff with small amounts of other volcanics, quartzite, conglomer-
ate and sandstone. The alluvium is poorly consolidated except where the particles
are cemented by caliche or where beds of caliche exist. Density of the alluvium
varies from 1.3 to 1.8 kilograms per liter; thatis, 88 to 112 pounds per cubic foot.




STRUCTURAL DETAILS:
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PREVIOUS TESTING:
None in the United States.
SHOT:
Name: "Smoky "
Type: Tower
Yield: 43.8KT
Height of Burst: 700 feet
Date: a1 August 1957
Range: approx ., 900 feet
LOADING:
Peak Overpressure: 115 psi ( approx. )
Positive Phose Duration: 0.24 sec
SUMMARY:

Minor domage observed. Minor cracking in walls ( less than 1/32 inch width).
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OPERATIC:N:  Plumbbot
PROJECT: 30.%
STRUCTURE IDENTIFICATION: 30.611-4

CROSS REFERENCE INDEX:
BURIED CONCRETE — Reinforcad Concrete Box Section Personnel
Shelter ( French Type )

REPORT REFERENCES:
WT-1453
Civil Effects Test Group Report
Available through Office of Technical Services

Department of Commerce
Washington 25, D.C,

LOCATION: Yucca Flat
Nevada Test Site

OBJECTIVES:
Not avcilable; however, it is presumed to be the evaluation of personnel structures
subjected to overpressures from atomic weapons.

STRUCTURAL DESCRIPTION:
French personnel shelter Type 65. Buried reinforced concrete structure with floor,
walls, and roof two feet thick.

STRUCTURAL DETAILS: ( See Page 154)

SOIL CHARACTERISTICS:

No soil data stated; however, backfill was typical of Yucca Flat at the Nevada Test
Site. The alluvium in Yucca Flat varies in character from clayey and silt-sized
particles, to cobbles and boulders. The composition of this material is chiefly lime-
stone and volcanic tuff with small amounts of other volcanics, quartzite, conglomer-
ate and sandstone. The alluvium is poorly consclidated except where the particies
are cemented by caliche or where beds of caliche exist. Density of the alluvium
varies from 1.3 to 1.8 kilograms per liter; that is, 88 to 112 pounds per cubic foot.
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STRUCTURAL DETALLS:

SECT. A-A SECTION

PREVIOUS TESTING: !
None in the United States. |

SHOT:
Name: "Smoky "
Type: Tower
Yield: 43.8 KT
Height of Burst: 700 feet
Date: 31 August 1957
Range: approx. 900 feet
LOADING:
Peak Overpressure: 115 psi ( approx. )
Positive Phase Duration: 0.24 sec
| SUMMARY:

Minor structural domage. Entrance facing away from ground zero was badly damaged.
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CPERATION:
PROJECT:

STRUCTURE

CROSS REFERENCE INDEX:

REPORT REFERENCEFS:

LOCATION:

OBJECTIVES:

Not available; however, it is presumed to be the evaluation of personnel structures
subjected to overpressures from atomic weapons.

STRUCTURAL DESCRIPTION:
French personnel shelter Type 65. Buried reinforced concrete structure with floor,
walls, and roof two feet thick.

STRUCTURAL DETAILS: ( See Page 155)

SOIL CHARACTERISTICS:

No soil data stated; however, backfill was typical of Yucca Flat at the Nevada Test
Site. The alluvium in Yucca Flat varies in character from clayey and silt-sized
particles, to cobbles and boulders. The compesition of this material is chiefly lime-
stone and volcanic tuff with small amounts of other volcanics, quartzite, conglomer-
ate and sandstone. The alluvium is poorly consolidated except where the particles
are cemented by caliche or where beds of caliche exist. Density of the alluvium
varies from 1.3 to 1.8 kilograms per liter; that is, 88 tc 112 pounds per cubic foot.

IDENTIFICATION:  30.6 11-5

Plumbbob ‘

30.6

BURIED CONCRETE — Reinforced Concrete Box Section Personne !
Shelter ( French Type )

WT 1453

Civil Effect: Test Group Report

Available through Office of Technical Services
Department of Commerce

Washington 25, D.C.

Yucca Flat
Nevada Test Site
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STRUCTURAL DETAILS:

BRI S L3NS S SO S I S F SN A

SECT. A-A SECTION

PREVICUS TESTING:
None in the United States.

SHOT:
Nome: "Smoky"
Type: Tower
Yield: 43.8 KT
Height of Burst: 700 feet
Date: 31 August 1957
Range: approx. 1000 feet
LOADING:
Peak QOverpressure: 115 psi ( approx. )
Positive Phase Duration: 0,26 sec
SUMMARY :

Very minor structural dminage to buried portions.




OPERATION:  Plumbbob
PROJECT: 30.7
STRUCTURE IDENTIFICATION:  30.7 RAc

CROSS REFERENCE INDEX:
BURIED CONCRETE — Reinforced Concrete Box Section Personnel
Shelter ( German Type )

REPORT REFERENCES:
WT-1454
Civil Effects Test G-oup Report
Available through Office of Technical Services
Department of Commerce
Washington 25, D.C.
LOCATION: Yucca Flat
Neveoda Test Site
OBJECTIVES:
Not availoble; however, it is presumed to be the evaluation of personnet structures
subjected to overpressures from atomic weapons.

STRUCTURAL DESCRIPTION:
German personnel shelter Type A. Buried rectangular reinforced concrete box with
haunched roof .

STRUCTURAL DETAILS:  ( See Page 158)

SOIL CHARACTERISTICS:

No soil data stated; however, backfill was typical of Yucza Flat ot the Nevada Test
Site. The alluvium in Yucca Flat varies in character from clayey and silt-sized
particles, to cobbles and boulders.  The composition of this material is chiefly lime-
stone and volcanic tuff with small amounts of other volcanics, quartzite, conglomer-
ate and sandstone. The alluvium is poorly consolidated except where the particles
are cemented by caliche or where beds of caliche exist. Density of the alluvium
varies from 1.3 to 1.8 kilograms per liter; thai is, 38 to 112 pounds per cubic foot.
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STRUCTURAL DETAILS:
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PREVIOUS TESTING:
None in the United States.

SHOT:
Name: "Smoky "
Type: T wer
Yield: 3.8 KT
Height of Burst: 700 feet
Date: 31 August 1957
Ronge: 840 feet
LOADING:
Peak Overpressure: 190 psi
Positive Phase Duration: 0.11 sec
SUMMARY:

Only hairline cracks were observed in buried portions of structure, however, the
entranceway was badly damaged.
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OPERATION:  Plumbbob
PROJECT: 30.7
STRUCTURE IDENTIFICATION:  30.7 RAb

CROSS REFERENCE INDEX:
BURIED CONCRETE — Reinforced Concrete Box Section Personnel
Shelter { German Type )
REPORT REFERENCES:
WT-1454
Civil Effects Test Group Report
Available through Office of Technical Services
Department of Commerce
Washington 25, D.C.
LOCATION: Yucca Flot
Nevada Test Site

OBJECTIVES-

Not avuilable; however, it is presumed to be the evaluation of personnel structures
subjected to overpressures from atomic weapons.

STRUCTURAL DESCRIPTION:
German personnel shelter Type A.  Buried rectangular reinforced concrete box with
haunched roof .

STRUCTURAL DETAILS: ( See Page 160)

SOIL CHARACTERISTICS:

No soil data stated; however, backfill was typical of Yucca Flat at the PMevada Test
Site. The alluvium in Yucca Flat varies in character from clayey and silt-sized
particles, to cobbles and coulders. The composition of this material is chiefly lime-
stone and volcanic tuff with small amounts of other volcanics, quartzite, conglomer-
ate and sandstone.  The alluvium is poorly consolidated except where the particles
are cemented by caliche or where beds of caliche exist. Density of the alluvium
varies from 1.3 to 1.8 kilograms per liter; that is, 88 to 112 pounds per cubic foot.
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STRUCTURAL DETAILS:
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PREVIOUS TESTING:
None in the United States.

SHOT:
Name: "Smoky "
Type: Tower
Yield: 43.8 KT
Height of Burst: 700 feet
Date: 31 August 1957
Range: 1000 feet
LOADING:
Peak Overpressure: 115 psi
Positive Phase Duration: 0.26 sec
SUMMARY:

The main structure had 1/32 inch cracks in the floor and hairline cracks in the roof and
woll.  The entrancewoy wos damaged extensively .
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OPERATION:  Plumbbob
PROJECT: 30.7
STRUCTURE IDENTIFICATION:  30.7 RAc

CROSS REFERENCE INDEX:
BURIED CONCRETE — Reinforced Concrete Box Section Personne!
Shelter ( German Type )
REPORT REFERENCES:
WT-1454
Civil Effects Test Group Report
Available through Office of Technical Services
Department of Commerce
Washington 25, D.C.
LOCATION: Yucca Flat
Nevada Test Site

OBJECTIVES:
Not available; however, it is presumed to be the evaulation of personnel structures
subjected to overpressures from atomic weapons.

STRUCTURAL DESCRIPTION:
German personnel shelter Type A. Buried rectangular reinforced concrete box with
naunched roof.

STRUCTURAL DETAILS:  ( See Page 162)

SOIL CHARACTERISTICS:

No soil data stated; however, backfill was typical of Yucca Flat at the Nevada Test
Site. The alluvium in Yucca Flat varies in character from clayey and silt-sized
porticles, to cobbles and boulders. The composition of this material is chiefly lime-
stone and volcanic tuff with small amounts of other volcanics, quartzite, conglomer-
ate and sandstone.  The alluvium is poorly consolidated except where the partizles
are cemented by coliche or where beds of caliche exist. Density of the afluvium
varies from 1.3 to 1.8 kilograms per liter; that is, 88 to 112 pounds per cubic foot.
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STRUCTURAL DETAILS:

SPRREANE P DR
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SECTION
PREVIOUS TESTING:
None in the United States.
SHOT:
Name: "Smoky"
Type: Tower
Yield: 43.8 KT
Height of Burst: 700 feet
Date: 31 August 1957
Range: 1000 feet
LOADING:
Peak Overpressure: 115 psi
Positive Phose Duration: 0.26 sec
SUMMARY':

Hairline flexural cracks only observed in main structure.

entranceway .
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OPERATION:  Plumbbeb
PROJECT: 30.7
STRUCTURE IDENTIFICATION:  30.7 RAd

CROSS REFERENCE [INDEX:
BURIED CONCRETE — Reinforced Concrete Box Section Personnel
Shelter ( German Type )

REPORT REFERENCES:
WT-1454
Civil Effects Test Group Report
Available through Office of Technical Services

Department of Commerce
Washington 25, D.C.

LOCATION:  Yucca Flat
Nevada Test Site
OBJECTIVES:
Not available; however, it is presumed to be the evaluation of personnel structures
subjected to overpressures from atomic weapons.

STRUCTURAL DESCRIPTION:
German personnel shelter Type A. Buried rectangular reinforced concrete box with
haunched roof .

STRUCTURAL DETAILS: ( See Page 164)

SOIL CHARACTERISTICS:

No soil data stated; however, hackfill was typical of Yucca Flat ot the Nevada Test
Site. The alluvium in Yucca Flat varies in character from clayey and silt-sized
perticles, to cobbles and boulders. The composition of this material is chiefly lime-
stone and volcanic tuff with small amounts of other volcanics, quartzite, conglomer-
ate and sandstone.  The alluvium is poorly consolidated except where the particles
are cemented by caliche or where beds of caliche exist. Density of the alluvium
varies from 1.3 to 1.8 kilograms per liter; that is, 88 to 112 pounds per cubic foot.
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STRUCTURAL DETAILS:

385"

SECTION

PREVIQUS TESTING:
None in the United States.

SHOT:
Name:
Type:
Yield:
Height of Burst:
Date:

Range:

LOADING:
Penk Overpreseure:
Positive Phase Duration:

SUMMARY:

SECT. A-A

"Smoky "

Tower

43 .8 KT

700 feet

31 August 1957

1176 feet

82 psi
0.30 sec

No damage to shelter; however, slight damage to entronceway .
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OPERATICN:  Plumbbob
PROJECT: 30.7
STRUCTURE IDENTIF!CATION:  30.7 CAa

CROSS REFERENCE INDEX:
BURIED CONCRETE -— Reinforced Concrete Cylindrical Saction
Personne! Shelter ( German Type )

REPORT REFERENCES:
WT-1454

Civil Effects Test Group Report
Available through Office of Technical Services

Department of Commerce
Washington 25, D.C.
LOCATION:  Yucca Flat
Nevada Test Site
OBJECTIVES:
Not available; however, it is presumed to be the evaluation of personnel structures
subjected to overpressures from atomic weapons.

STRUCTURAL DESCRIPTION:
German personnel shelter Type A. Cylindrical poured-in-place reinforced concrete
shelter.

STRUCTURAL DETAILS:
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SOIL CHARACTERISTICS:

No soil data stated; however, backfill was typical of Yucca Flat at the Nevada Test
Site. The alluvium in Yucca Flat varies in character from clayey and silt-sized
particles, to cobbles and boulders. The composition of this material is chiefly lime-
stone and voicanic tuff with smail amounts of other volcanics, quartzite, conglomer-
ate and sandstone. The alluvium is poorly consolidated except where the particles
are cemented by caliche or where beds of caliche exist. Density of the alluvium
varies from 1.3 to 1.8 kilograms per liter; that is, 88 to 112 pounds per cubic foot.

PREVIOUS TESTING:
None in the United States.

SHOT:
Name: "Smoky "
Type: Tower
Yield: 43.8 KT
Height of Burst: 700 feet
Date: 31 August 1957
Range: 900 feet
LOADING:
Peak Overpressure: 160 psi
Positive Phase Duration: 0.24 sec
SUMMARY :

No damoge to structure except for emergency hatch.

166




OPERATION:  Plumbbob
PROJECT: 30.7
STRUCTURL IDENTIFICATION: 30.7 CAb

CROSS REFERENCE INDEX:
BURIED CONCRETE - Reinforced Concrete Cylindrical Section
Personnel Shelter ( German Type )

REPORT REFERENCES:
WT-1454
Civil Effects Test Group Report
Available through Office of Technical Services
Department of Commerce
Washington 25, D.C.
LOCATION: Yucca Flot
Nevada Test Site

OBJECTIVES:
Not available; however, it is presumed to be the evaluation of personnel structures
subjected to overpressures from atomic weapons.

STRUCTURAL DESCRIPTION:
German personnel shelter Type A.  Cylindrical poured-in-place reinforced concrete
shelter.

STRUCTURAL DETAILS:

| I 'S mieid
g L A ) ™
! 4% 26-3 | 4-6 |
44-8" |
SECTION - aml SECT. A-A

167




SOIL CHARACTERISTICS:

No soil data stated; however, backfill was typical of Yucca Flat at the Nevada Test
Site. The clluvium in Yucca Flat varies in character from clayey ond silt-sized
particles, to cobbles and boulders. The composition of this material is chiefly lime-
stone and volecanic tuff with small amounts of other volcanics, quartzite, conglomer-
ate and sandstone. The alluvium is poorly consolidated except where the porticles
are cemented by caliche or where beds of caliche exist. Density of the alluvium
varies from 1.3 10 1.8 kilograms per liter; rhat is, 88 to 112 pounds per cubic foet.

PREVIOUS TESTING:
None in the United States.

SHOT: i
Name: "Smoky" |
Type: Tower
Yield: 43.8KT
Height of Burst: 700 feet
Date: 3! August 1957
Range: 1000 feet
LOADING:
Peak Overpressure: 115 psi
Positive Phase Duration: 0.26 sec

SUMMARY :
No damage to structure except for emergency hntch.
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OPERATION:  Plumbbob
PROJECT: 30.7
STRUCTURE IDENTIFICATION: 30.7RCa

CROSS REFERENCE INDEX:
BURIED CONCRETE — Reinforced Concrete Box Section Personnel
Shelter { German Type )

REPORT REFEREMCES.
WT-1454
Civil Effects Test Group Report
Available through Office of Technical Services
Department of Commerce
Washington 25, D.C.

LOCATION: Yucca Flat
Nevada Test Site
OBJECTIVES:
Not available; however, it is presumed to be the evaluation of personnel structures
subjected to overpressures from atomic weapons.

STRUCTURAL DESCRIPTION:
German personnai shelter Type C. Buried reinforced concrete retangular structure
with walls, floor, and roof 1'-0" thick.

STRUCTURAL DETAILS:

SECTION
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SOIL CHARACTERISTICS:

No soil data stated; however, backfill was typical of Yucca Flat at the Nevada Test
Site. The alluvium in Yucca Flat varies in character from clayey and silt-sized
particles, to cobbles and boulders. The composition of this material is chiefly lime~
stone and volcanic tuff with smellamounts of other voicanics, quartzite, conglomer-
ate and sandstone. The alluvium is poorly consolidated except where the particles
are cemented by caliche or where beds of caliche exist.  Density of the alluvium

varies from 1.3 to 1.8 kilograms per liter; that is, 88 to 112 pounds per cubic feui.

PREVIOUS TESTING:
None in the United States.

SHOT:
Name: "Smoky "
Type: Tower
Yield: 43.8 KT
Height of Burst: 700 feet
Date: 31 August 1957
Range: 1770 feet
LOADINC:
Peak Overpressure: 27 psi
Positive Phase Ouration: 0.48 sec
SUMMARY:

Minor cracks ( 1/32 inch or less ) throughout the structure.
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OPERATION:  Plumbbob
PROJECT: 34.3
STRUCTURE IDENTIFICATION:  34.3-01 and 34.3-02

CROSS REFERENCE INDEX:
BURIED STEEL — Corrugated Steel Pipe Sections

REPORT REFERENCES:
WT-1474
Civil Effects Test Group Report
Available through Office of Technical Services
Department of Commerce
Washington 25, D.C,

LOCATION: Yucca Flat
Nevaoda Test Site
OBJECTIVES:
To determine the resistance of buried structural-plate pipe to high overpressures.

STRUCTURAL DESCRIPTION:

Structural-plate pipe of curved, sectional, 10 gage corrugated metal plates having
longitudinel and circumferential bolted seams. Corrugations are nominally 2 inches
deep and spaced 6 inches apart. The pipe sections used were 20 feet long and 7 feet
in diameter.

STRUCTURAL DETAILS: (See Page 172)

SOIL CHARACTERISTICS:

The backfill material was sandy gravel with a maximum density of 122 pcf and a mois-
ture content of 10.5 percent. The average compaction attained was abaut 93 percent
of maximum. Direct shear tests indicated an internal coefficient of friction of 1.42
in one case and 0.875 in another,

PREVIOUS TESTING:

Somewhat similar structures were tested in Operation Plumbbeb, Project 3.2 ( WT-1421 ).
(See text page 121)
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STRUCTURAL DETAILS:
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SHOT:
Name: "Smoky"
Type: Tower
Yield: 44 KT
Height of Burst: 700 feet
Date: 31 August 1957

TEST LAYOUT:

One structure was located 825 feet from ground zero and the other, 900 feet from
ground zero with the axis of the pipe perpendicular to o roy from ground zero.

LOADING:

( Overpressure at earth surface )
34.3-01; 245 psi
34.3-02: 140 psi

SUMMARY::
Maximum transient changes in vertical und horizontal diameters measured by the self-

recording gages were about 7/8 inch and 3/8 inch, respectively. Maximum residual

changes in the same diameters were 3/4 inch and 1/4 inch, respectively. Discrepancies
were found between measurements of residual changes recorded by the gages and those
obtoined visually before and after the event.




OTHER REMARKS:

These structures were similar to those evalucted as part of Operation Plumbbob, Project
3.2. The soil conditions for each project were quite different. The deflections
experienced in Project 34,3 were considercbly smaller than might be tolerdted under
certain conditions; hence. an unmar limit of curvival has not yet been esteblished for
structures of this type.

SUBSEQUENT TESTING: None
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OPERATION:  Plumbbob
PROJECT: Test Support Station
STRUCTURE IDENTIFICATION:  Station T3B

CROSS REFERENCE INDEX:

TEST SUPPORT STATION ~ Massive Reinforced Concrete Semi-
Buried Shelter.

REPORT REFERENCES:
ITR-1453

Defense Atomic Support Agency
Washington 25, D.C.

LOCATION. Frenchman's Flat
Nevada Test Site

OBJECTIVES:  ( Non-experimental structure )

Structure used for test support purposes, thus only visual post shot inspections were
made .

STRUCTURAL DESCRIPTION:
Reinforced concrete test facility shelter. Top surface was flush wiili the grade and

covered with five feet of earth.

STRUCTURAL DETAILS: ( See Page 175 )

SOIL CHARACTERISTICS:

No soil data given; but soil at Frenchman's Flat consists of silt with a trace of clay,

and has @ maximum dry density of 96 to 108 pcf.

PREVIOUS TESTING: None
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STRUCTURAL DETAILS:

PLAN

i-”"d\

' 6"

26

SECTION A-A

SHQOT: ;

Name: "Fizeau"

Type: Tower

Yield: 11 KT

Height of Burst: 500 feet

Date: 14 Sept 1957

Range: zero
LOADING:

Peak Owvarpressure: 315 psi
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SUMMARY':
Transient dispiacement of 6.5 inches downward and permanent displacements of 1.5
inches downward were noted. No other damage was noted.

OTHER REMARKS:
Measurements of ecrth pressure and deflection were not made for this test station;
hence, leading and response data was collected only for general information purposes.
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OPERATION:  Plumbbab
PROJECT: Test Support Station
STRUCTURE IDENTIFICATION:  Station 7-300

CRQOSS REFERENCE INDEX:
TEST SUPPORT STATION -— Massive einforced Concrete Semi-
Buried Shelter

REPORT REFERENCES:
ITR-1455
Defense Atomic Support Agercy
Washington 25, D.C.

LOCATION: Yucca Flat
Nevada Test Site

OBJECTIVES:  ( Non-experimento! structure )
Structure used for test support puiposes, thus only visual past shot inspections were
made.

STRUCTURAL DESCRIPTION:
Massive reinforced concrete test facility located below grade covered with mounded
earth.

STRUCTURAL DETAILS: ( See Page 178)

SOIL CHARACTERISTICS:

No soil data stated; however, backfill was typical of Yucca Flat at the Nevada Test
Site. The alluvium in Yucco Flat varies in character from clayey and silt-sized
particles, to cobbles ond boulders. The composition of this material is chiefly lime-
stone and volcanic tuff with small amounts of other volcanics, quartzite, conglomer-
ate and sandstone.  The alluvium is poorly consolidated except where the particles
are cemented by caliche or where beds of calizhe exist. Density of the alluvium
varies from 1.3 to 1.8 kilograms per liter; that is, 28 to 112 pounds per cubic foot.
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STRUCTURAL DETAILS:
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PREVIOUS TESTING: None

SHOT:
Nome: "Stokes" "Doppler* "LaPlace"
Type: Balloon Balloon Balloon
Yield: 19 KT 10.5 KT 1.22KY
Height of Burst: 1,500 feet 1,500 feet 750 feet
Date: 7 Aug 1957 23 Aug 1957 8 Sept 1957
Range: 60 feet 60 feet 60 feet
Peak

_ Qverpressure: 45 psi 25 psi 25 psi
Name: "Newton" "Franklin'"
Type: Ballnon Balloon
Yield: 12.0 KT 4.7KT
Height of Burst: 1,500 feet 750 feet
Date: 16 Sept 1957 30 Aug 1957
Range: £0 feet 60 feet
Peak
Overpressure: 3G psi 65 psi
SUMMARY :

No damage experienced by the loadings above.
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OTHER REMARKS:
Measurements of earth pressure and deflection were not made for this test station;
hence, loading and response dota was collected only for general information purposes.
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OPERATION:  Plumbbob
PROJECT: Test Support Station
STRUCTURE IDENTIFICATION:  Station 9~22-6001

CROSS REFERENCE INDEX:
TEST SUPPORT STATION ~~ Massive Reinforced Concrete Semi-
Buried Shelter

REPORT REFERENCES:
ITR-1455
Defense Atomic Support Agency
Washington 25, D.C,

LOCATION: Yucca Flat
Nevada Test Site

OBJECTIVES:  ( Non-experimental structure )
Structure used for test support purposes, thus only visual past shot inspections were
made .

STRUCTURAL DESCRIPTION:
Massive reinforced concrete test facility located below grade, covered with moundea
earth.

STRUCTURAL DETAILS: ( See Page 181)

SOIL CHARACTERISTICS:

No soil data stated; however, backfill was typical of Yucca Flat at the Nevada Test
Site. The alluvium in Yucca Flat varies in character from clayey and silt-sized
particles, to cobbles and boulders.  The composition of this material is chiefly lime=-
stone and volcanic tuff with small amounts of other volcanics, quartzite, conglomer-
ate and sandstone . The alluvium is poorly consolidated except where the particles
are cemented by caliche or where beds of caliche exist. Density of the alluvium
varies from 1.3 to 1.8 kilograme per liter; that is, 88 to 112 pounds per cubic foot.
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STRUCTURAL DETAILS:

106-9"
23-9" - e80' 18-0"
18-9" 50 46, 9-0" 46

SECTION A-A

10-6

43-¢'

PREVIOUS TESTING: None

SHOT:
Nome: HLOSSenII |IWi'Sm" I|H°w"
Type: Balloon Balloon Balloon
Yield: 0.47 KT 10.3 KT 74.3 KT
Height of Burst: 500 feet 500 feet 1,500 feet
Date: 5 June 1957 18 June 1957 5 July 1957
Range: 25 feet 25 feet 25 feet
Peak

Overpressure: 35 psi 270 psi 60 psi
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SHOT: (con't)

Name: "Owens" "Wheeler® "Charleston"  "Morgan"

Type: Bailoon Balloon Balloon Balicon

Yield: ¢.7KT 0.19KT 1.5KT 8.0KT

Height of Burst: 500 feet 500 feet 1, 500 feet 500 feet

Date: 25 July 1957 6 Sept 1957 28 Sept 1957 7 Oct 1957 ‘

Range: 25 feet 25 feet 25 feat 25 feet |

Peak l
Overpressure: 140 psi 20 psi 25 psi 250 psi ‘

SUMMARY:

There was no damage from shots "Lassen", "Wilson", and "Hood". Spalling was evident
after shot "Owens". Severe cracking occurred from shot "Morgan". Upon completion
of the series of tests, the roof was cracked and spalled, thereby exposing reinforcing
steel.

OTHER REMARKS:
Measurements of earth pressure and deflection were not made for this test station;
hence, loading and response data was collected only for general information purpeses.
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OPERATION:  Hardtack
PROJECT: 1.9
STRUCTURE IDENTIFICATION: 1.9

CROSS REFERENCE INDEX:
LOADING-RESPONSE EXPERIMENTAL SYSTEMS — Buried Response
Cyltinders { Drums with Flexible Diaphragms)

REPORT REFERENCES:
WT-1614
Defense Atomic Support Agency
Washington 25, D.C.

LOCATION: Gene ( Teiteiribucchi ) and Yvonne ( Runit )
Eniwetok Proving Grounds

OBJECTIVES:

To study some of the factors affecting the transmission of air-blast-induced pressure
through soil and the looding produced on buried structures. Pressures studied were In
the range of approximately 250 psi.

Factors that were studied:

(1) Attenuation of pressure transmitted through unsaturated silt containing a trace of
clay.

(2) The effect of surface peak overpressure on the pressure transmitted through such
asoil.

(3) The effect of structure flexibility on the loading of structures buried in such a
soil.

(4) The relationship between horizontal and vertical pressures on structures buried in
such a sail .

STRUCTURAL DESCRIPTION:

The simulated structures consisied of 43 devices, each of which was a rigid cylinder
having one rigid end and one deformable diaphrogm end. Different thicknesses of
diaphragm were used, and the devices were buried at depths ranging from 0 to 20 feet.
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STRUCTURAL DETAILS:

7\5\ ;—ﬁ STIFFENER
/_“Qz'zi

16 HOLES 135 Diam.

CLAMPING RING 24"0.D. x 1" x i8" 1.D.

ALUMINJM DIAPHRAGM (24" digm.)
see TEST LAYOUT for thickness

—— NEOPREME GASKET !
|

16 - 1" HIGH STRENGTH BOLTS

WELDED ] SPECIAL MACHINING ONE FACE

L DRUM WALL ROLLED FROM 24" x § pi
TO I-li% LD. CYLINDER AND BUTT WELDED

STIFFENERS - 24 x 3'x 22" A,

% x 23" Diam. STEEL PLATE
CONTINUOUS WELD

SECTION A-A

Sand with the water table from 3.5 to 4.5 feet below the ground surface.

PREVIQUS TESTING:

Similar cylinders with a deformable diaphragm were tested in Operation Plumbbob,
Project 1.7 ( WT-1406 ). (See text page 109)

FLANGE PLATES 234 0.0.x1"x (8" 1.D.

SHOT:
Nome: "Koa" "Cactus"”
Type: Surface Surface
Yield: 1.3 MT 18 KT
Height of Burst:  zero zero
Date: 12 May 1958 5 May 1958
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LOADING:
{ Overpressures at ground surface )

Shot "Koa™:
Precursor: None
Main Pulse:  Rise Time — essentially zero

Peak Overpressure = 240 psi

Shut "Cuciwn':
Precursor: None
Main Pulse:  Rise Time — essentially zero
Peck Overpressure ~—~ 304 psi

SUNMMARY :
On the basis of a very limited amount of data and in view of the apparent presence of
a lorge water~transmitted pressure pulse, the following conciusions can be made:

(}) For a soil deposit consisting of loose beach sand, such as that found at Eniwetok
Proving Grounds, there is considerablie ottenuation of an air-induced, ground-trans-
mitted pressure. This is true not only above the water table, but also for of least a few
feet below it. The presence of the horizontal water-transmitted pressure obscured this
effect ot depths greater thon that. The amount of this attenuation in the soil deposit

is approximately the same as was found in the tan silt deposit at the Nevada Test Site,
which was about 20 percent in the first 5 feet of depth.

(2) The difference between the positive-phase duration of a kiloton detonation and
that of o megaton detonation appears to have no appreciable effect on the attenuation
with depth of an air-induced pressure in a loose beach sand deposit, such as that found
a! Eniwetok Proving Grounds.

(3) Where the oir-induced pressure predominates, the horizontal pressure is much less
than the vertical. At the Eniwerok Proving Grounds, the ratic of these pressures was
about 0.50 at all depths from the surface down to o few feet below the water table.
Approximately the same valve was found ot the Nevada Test Site during Operation
Plumbbob .

Where the horizonta!l water shock was predominant, the stress state in the soil wos
approximately hydrostatic, which was to be expected because undrained soturated
soil behaves much like o fiquid. No conclusions can be drawn regarding the stress
stote in a soturated soil deposit subjected to strictly air-induced pressure, because the
horizontal water-transmitted pressure exceeded the air-induced pressure at depths
where a hydrostatic pressure would be expected to exist under air-induced pressure
loading.

(4) The flexibility of the diaphragms has o considerable effect on the pressures acting
on them, whether they are located above or below the water table. When the overall
compressibility of the drum is much greoter than that of the soil it replaces, the pressure
on the diaphrogm is materially less than that in the soil surrounding the drum. This




difference can be more than 50 percent, and is almost complete ly developed in a depth
of burial equal to the span of the drum.

(5)  The results of the Haordtack test agree with the theory developed in the Flumbbob
Project. However, this theory includes a number of simplifying assumptiens and some
fairly crude approximations.  Further study is required to refine the analysis.

SUBSEQUENT TESTING: None
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OPERATION:  Hardtack
PROJECT: 3.2
STRUCTURE IDENTIFICATION:  3.20, 3.2b, 3.2¢, 3.2d

CROSS REFERENCE INDEX:
EARTH-COVERED AND SEMI-BURIED STEEL — Semi-Buried
Corrugated Steel Arch Shell Structures

REPORT REFERENCES:
WT-1626
Defense Atomic Support Agency
Washington 25, D.C,

LOCATION: Helen, Irene ( Bogairikk |. )}, and Yvonne ( Runit)
Eniwetok Proving Grounds

OBJECTIVES:

To determine failure criteria of underground corrugated steel arches under long-duration,
high-pressure loads.

STRUCTURAL DESCRIPTION:
Four corrugated steel, flexible, arch shell structures ( 3.2a0, 3.2b, 3.2¢c, ond 3.2d)
with 5 feat of earth cover.

Structure 3.2d (1 goge ) had a span of 38 feet and a length of 40 feet. The ofher
three structures ( 10 gage ) had spans of 25 fect and lengths of 48 feet.

STRUCTURAL DETAILS: ( See Pages 190and 191)

SOIL CHARACTERISTICS:

Coral sand — fine to coarse sand with some fine gravel.

PREVIOUS TESTING:

Similar structures were tested in Operation Upshat-Knothole, Project 3.15; Operation
Teapot, Project 3.6; and Operation Plumbbob, Project 3.3. (See text pages 70, 95
and 127, respectively.)
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STRUCTURAL DETAILS:
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SHOT:

Structure 3.2a was tested in Shot "Cactus”. The others were tested in Shot "Koa".
Name: "Cactus" "Koa"
Type: Surface Surface
Yield: 18 KT 1.3 MT
Height of Burst:  zero zero
Date: 5 May 1958 12 May 1958 ‘
TEST LAYOQUT: o
2 : v &
& S &
w W w
OCEAN
Q /Y -d<e:z
1
N 106,000
LAGOON YVONNE \
]
\ |
STRUCTURE 3,20 &
STATION No. szz.gi\ 3\\\
Site Plan — Shot "Cactus"
§ § 8 1 g
S o g hd (3 €
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/
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- N 150,000
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IRENE/

LAGOON
GENE

Site Plan — Shot "Kog"
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LOADING:

3.20 3.2 3.2¢ 3.2d
Peok Overpressure: 90 psi 78 psi 180 psi 100 psi
Duration: 0.40 sec 1.6 sec 1.2 sec 1.52 sec

SUMMARY :

Structure 3.2a collapsed on the side away from ground zero. The collapsc apparently
began with bearing failure of the shell plates at a bolted horizontal seam, approximately
5 feet above floor level on the collapsed side.

Structure 3.2b collopsed completely and filled with sand. The collapse appeared fo
be symmetrical about the crown.

Structure 3.2c collapsed completely, with the crown touching the floor of the structure.

Structure 3.2d collopsed completely and filled with sand. The collapse appeared to be
symmetrical about the crown.

OTHER REMARKS:

The results of this experiment indicate that it is necessary to consider the response of o
flexible structure basically os o soils-structural problem rather than a structural resistance
problem. The related experiments in Nevada ( Operation Plumbbob, Project 3.3) had
different soil characteristics; therefore, they are very difficult to correlate. Consider-
cble study is recommended to reach an understanding of flexible structure-soils inter-
action problems.

SUBSEQUENT TESTING: None

193




OPERATION:  Hardtack
PROJECT: Test Support Station
STRUCTURE IDENTIFICATION:  Station 1311

CROSS REFERENCE INDEX:

TEST SUPPORT STATIONS — Reinfarced Concrete Earth Covered
She lter

REPORT REFERENCES:
WT-1631
Defense Atomic Support Agency
Washington 25, D.C.

LOCATION: lrene { Bogairikk I.) .
Eniwetok Proving Grounds

OBJECTIVES: ( Non-experimental structure)

Structure used for test support purposes, thus enly visual past shot inspections were
made.

STRUCTURAL DESCRIPTION:
Semi-Buried reinforced concrete shelter with 5 feet of earth cover.

STRUCTURAL DETAILS: (See Page 195)

SOIL CHARACTERISTICS:

Coral sand — fine to coarse sand with some fine gravel.

PREVIOUS TESTING: None

SHOT:
Name: "Koa" “Yellowwood" "Tobacco" "Walnut"
Type: Surface Barge Barge Barge
Yield: 1.38 MT 340 KT 11.7 KT 1.45 MT
Height of Burst:  zero zero zero zero
Date: 12 May 1958 26 May 1958 30 May 1958 14 june 1958
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SHOT: (con't)

Name: “Elder" "Dogwood"
Type: Barge Barge
Yieid: 240 KT 397 KT
Height of Burst:  zero zero

Date: 27 June 1958 5 July 1958

STRUCTURAL DETAILS:

"Olive" "Pine"
Barge Barge
202 KT 2.V MT
zero zero

22 July 1958 26 July 1958
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SECTION A-A

195




LOADING:

shot

IIKw"
"“Yellowwood"
"Tobacco"
"Walnut”
“Eider"
"Dogwood"
"Olive"

"Pine"

SUMMARY:
The station was structurally damaged mainly from the effects of shots "Koa" ond "Walnut",
Shot "Koa" nearly filled the entrance with sand ond the plain-concrete floor was badiy
The other shots caused no additional damoge.

cracked from both shots.

OTHER REMARKS:
Measurements of earth pressure and deflection were not made for this test station;
hence, loading and response dota was ¢ollected only for general information purposes.

SUBSEQUENT TESTING:
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OPERATION:  Hardtack

PROJECT: Test Support Station
STRUCTURE IDENTIFICATION:  Station 1314
CROSS REFERENCE INDEX:

TEST SUPPORT STATIONS — Massive Reinforced Concrete Semi-~
Buried Shelter

This is the same structure identified as Ivy 200; consequently, complete description
and other data is included under Operation lvy, Project 200. (See text page 44)
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OPERATION:  Hardtack
PROJECT: Test Support Station
STRUCTURE IDENTIFICATION:  Station 1525

CROSS REFERENCE [INDEX:
TEST SUPPORT STATIONS — Massive Reinforced Concrere Earth-
Covered Shelter

REPORT REFERENCES:
WT-1631
Defense Atomic Support Agency
Woshington 25, D.C.

LOCATION: Irene ( Bogairikk I. )
Eniwetok Proving Grounds

OBJECTIVES:  ( Non-experimental structure)
Structure used for test support purposes, thus only visual past shot inspections were
rmade .

STRUCTURAL DESCRIPTION:
Semi-buried massive reinforced concrete shelter with 5 feet of earth cover. One side
with retaining wall was exposed.

STRUCTURAL DETAILS: (See Page 199)

SOIL CHARACTERISTICS:

Coral sand — fine to coarse sand with some fine gravel,

PREVIOUS TESTING: None
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STRUCTURAL DETAILS:

SECTION A-A -
SHOT:
- Naome: "Koa" "Yellowwood" "Tobacco” "Walnut"
Type: Surface Barge Barge Barge
Yield: 1.38 MT 340 KT 11.7 KT 1.45 MT
Hoight of Burst:  zere zzro zero zero
Date: 12 May 1958 26 May 1958 30 May 1958 14 June 1958
Name: "Elder" "Dogwood” "Olive" "Pine"
Type: Barge Barge Barge Barge
Yield: 940 KT 397 KT 202 KT 2.1 MT
Height of Burst:  zero zero zero zero
Date: 27 June 1958 5 July 1958 22 July 1958 26 July 1958
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LOADING:

peak floor slab
shot range overpressure duration acceleration

( feet ) {psi) {sec) {g]
"Koa" 5,300 42 1.85 6.9 3
"Yellowwood" 6,700 11 1.57 0.4 ‘
"Tobacco" 6,340 1.8 0.9 0
“"Walnut" 6,700 27 2,00 3.2
“Elder" 6,340 22 1.82 2.0
"Dogwood" 6,340 14 1.57 0.6
"Olive" 6,340 9 1.40 0.2
"Pine" 7,850 26 2.32 3.2

SUMMARY:

The only damage incident to the structure occurred during shots "Koa" and "Walnut".
The retaining wall integral with the front wall was severely damaged by the face-en
gir blast from shot "Koa)' and one end of it was later destroyed by shot "Walnut".

OTHER REMARKS:
Measurements of earth pressure and deflection were not made for this test station;
hence, loading and response dota was collected only for generai information purposes.

SUBSEQUENT TESTING: None
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QOPERATION:  Hardtack
PROJECT: Test Support Station
STRUCTURE IDENTIFICATION: Station 1526

CROSS REFERENCE INDEX:
TEST SUPPORT STATIONS — Massive Reinforced Concrete Earth-
Covered Shelter

REPORT REFERENCES:
WT-1631
Defense Atomic Support Agency
Washington 25, D.C.

LOCATION: Irene ( Bogairikk 1. )
Eniwetok Proving Grounds

OBJeCTIVES:  ( Non-experimental structure )

Structure used for test support purposes, thus only visual past snot inspections were

made .

STRUCTURAL DESCRIPTION:

Semi-buried massive reinforced concrete shelter with 5 feet of earth cover.
STRUCTURAL DETAILS: { See Page 202 )

SOIL CHARACTERISTICS:
Corgl sand — fine to coarse sand with some fine gravel.

PREVIOUS TESTING: None

SHOT:
Name: "Koa" "Yellowwood" "Tobacco" "Walnut"
Type: Surface Barge Barge Barge
Yield: 1.38MT 340 KT 11.7 KT 1.45 MT
Height of Burst:  zero zero zero zero
Date: 12 May 1958 26 May 1958 30 May 1958 14 June 1958
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SHOT: (con't)

Name: "Elder" "Dogwood” "Olive" "Pine"

Type: 3orge Barge Barge Borge

Yield: 940 KT 397 kT 202 KT 2.1 MT
Height of Burst:  zero zero zero zero

Date: 27 June 1958 5 July 1958 22 July 1958 26 July 1958

STRUCTURAL DETAILS: j

27-0" ‘
10", 280" g4
[ DAV SRS AL "
5 - 5 ) 3 | 1-0

}'-:1&; < 4

4
on

GON YW
15
5l

e T T
Lt O e e
L
] |
PLAN
LOADING:
peak floor slab
shot range overpressure duration acceleration
(feet) (psi) (sec) (g)
"Koa™" 5,360 42 1.85 6.7
"Yellowwood" 6,510 11.5 1.55 0.4
"Tobacco" 6,140 1.9 0.89 0
"Walnut" 6,510 28 1.98 3.6
"Elder" 6,140 23 1.80 2.3
"Dogwood" 6,140 13 1.55 0.7
"Olive" 6,140 9.5 1.38 0.2
“Pine" 7,720 28 2.30 3.3
SUMMARY :

The station received no damage from any of the tests.

OTHER REMARKS:
Measurements of earth pressure and deflection were not made for this test station;
hence, loading and response data was collected only for general information pruposes.

SUBSEQUENT TESTING: None

~
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PART 2 ;
Discussion and Correlation of Tests

Part 2 contains a series of charts designed to show quickly and graphically the
relation between similar tests, and are so arranged that positive trends in
structirol response become apparent. A general discussion and recommendotions
ore presented.
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CORRELATION OF TEST RESULTS

The following motericl will concern itself with correlating the information obtained
from the weapons tests, ond comparing the dynaomic response of the structures in~
volved. The correloiion will be presented in two parts: (1} by charts showing the
pertinent test data and significant results, and (2) by a general discussion of struc-
tural response choracteristics.

Unfartunately, the discustion will ke limited. Due in part to the exploiaiory nature
of many of the tests, the restricted scope of the project goals, and the erratic

nature of explosion phenomena and resulting data, much of the information does not
permit correlation. As a result, only general conclusions can be drawn. It is hoped
that future investigations will allow specific, detoiled comments.

The charts, which follow, are designed to show the reader quickly and graphically
the relation between similar tests, and data are so arranged that positive trends in
structural response become opparent. As it is impossible to record all available

data on these charts, the reader is referred by page number to the more complete test
description in Part 1 of this report, and if then necessary, to the original work.

LIST OF CHARTS

The following is a list of the charts in order of presentation:

1. Buried Corrugated-Steel, Cattlepass Pipe Sections, Shown as o Function of
Depth of Burial.

2. Buried, Circular. Corrugated Steel Pipe Sections, Shown as o Function of
Decreasing Overpressire.

3. Circulor, Reinforced Precast and Monolithic Concrete Pipe Sections Shown
as a Function of Overpressure.,

4. Steel and Concrete Pipe Sections at Constant Depth of Burial, Shown as
a Function of Overpressure.

5. Eorth-covered, Flexible, Corrugated Steel Arch Shelters.
6. Buried, Semi-Buried and Flexible Corrugated Steel Arch Shelters.
7. Comporison of Earth-covered Steel to Buried Steel Arch Shelters.

Buried Reinforced Concrete Arch Shelters

o

9. Buried, Reinforced Concrete Rectangular Shelters in Operation Plumbbob .

10. Other Buried Reinforced Concrete Shelters of Rectangular Construction
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DEFINITIONS

the charte, the following symbols are used and here defined:

In randin
N reolin

* indicotes o value estimated by the writers of this report.

— is used to indicate that the value or situation is the same as the one
shown to the left of the arrow.

Earth-covered Structures: Structures founded at the original ground surface ;
and covered with earth to provide a layer which closely opproximates !
the shape of the structure itself. Such structures are drag loaded as well
os loaded by overpressure. ;

Semiburied Structures: Structures covered with earth such that the horizontal
top surface of the berm extends pa:t the sides of the structure to a distance
equal to or greater than the height of the structure plus the crown cover.
The crown cover is seldom greater than the half height of the structurc, ;
Drag loading is essentially eliminated, but little attenuation of over-
pressure is experienced.

Buried Structures: Stiuctures buried at a depth such that arch action of the
wil is expected. Arch action has not been experienced for depths of
buricl less than the least horizontal dimension of the structure.

p.. is defined as the static peak overpressure in the shock front,
q is defined as the peak value of wind pressure in the shock front. This value
is omitted in many of the charts as it was not specified in the original

reference.

HOB is the abbreviation used for Height of Burst.
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CORRELATION CHART

tron to Plumbbob 3. 24

vuried more than 5'

Category Buried Corrugated-Steel, Cattlepass Pipe Sections, Snhown as a Function of Depth of |
Structure
d = 7'-6"
e h = 7'-8" -
Operotion .
Structure/ref. .2 Plumbbob )
(Structure/ref. pag) (3.2f " pp 121) (3.2m / = ) (3.20 / =— ) 3.2 /
|
Detonation |
. /700 Iaa— -— ‘
(Vield / HOB) 38.6KT
i e fror
- 104
Pso’q in psi 126 psi / 60 psi / 149 psi / 126 psi /
1
Fasitive Phase 0.206 sec. 0.361 sec. 0.232 sec.
o 200 sec * 0. 206 seq
s;rs";‘;:’s’:l Symmetrical compression -
and flexural modes. :
Mcd2
Significont .Flat bottom deflected | .Minor circumierential .Minor circumferential {.Chang- i
Structural inward slightly. shortening. shortening. height le
Damag: and .Slight circumferential | .No other visual damoge | .Change in internal half of o.
Additicnal Commants shortening due to to buried suctions. height was 1%. of the ori
mechanical takeup in .No other visual dom- heignt.
bolted seams. Mo age to buried
.other visuol damage sections.
to buried sections.
i
.More apparent damage .All cattlepass sections -

although subiecicd iv
lower pressure.
Depth of buriol isa

significant factor,

behaved essentialiy
the same. Note that
the span of these
structures is 5'- 10",




poss Pipe Sections, Shown as a Function of Depth of Burial.

d = 7'-6" d=10-0"
[ h - 7'-8" —— “ h _ 7'—&;"
- ) R2 / =—— ) (3.2¢ /  o—n (3.2g / (3.2k / e ) 3.2/ «-—o
— -— -— - —— - P
970"
1042 1150 1360" 1042
149 psi / 126 psi / 20 psi / 60 psi 126 psi
. 0.232 sec. X
U.206 sec. 0.333 sec. ). 361 sec. 0.206 sec.
— OV -— [EPU— - -——
rcumferential .Minor circumfert ntial |.Chang= in internal .Change in internal
ng. shortening. height less than neight approx.
r visual damage | .Change in internal half of onu par cent 3/4 of ane per cent
§ scctions. height was 1%. of the criginal of the original
.No other visual dain~ height. height.
age to buried
sections.
.All cattlepass sections - PR -~ -————

buried more than 5°'
hehaved essentially
the some. Note that
the span of these
structures is 5'-10".
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CORRELATION CHART

Category Buried, Circuiar, Corrugated Steel Pipe Sectionz, Shown as a Function of Decreosing
Structure
~— d = 7'-4" -
Operation Plumbbob - < -
(Structure/ref. page) (34.3-01 / pp 17D (34,3-02 / pp 171) (3.2d / pp 120 (3.2h /
Detanatian ;
(Yield / HOB) 44 KT / 700° e 36.6 KT / 700° -
Distance from 825" 200! 1040 1150
ground zero
Pso/q in psi 245 / 140 / 126 / 00 7
Positive Phase 0,154 sec. 0.160 sec. 0.206 -ec. 0.333 sé
Structural Unsymmetrical Symmetrical com- -
Response flexure, pression and flexure
Mode (fiattening).
Significant «No sigrificant damage occurred. . No significant dainage <l
Structural .Structure wos apparently loaded to o small per- occurred,
Damage and centage of its copucity, .Minor slippage in
Additional Communts bolted, lap splices
.Major portions of the blast lood were carried by occurred,
the soil by arching. (Notice depth of burial
compared to span.) .3.2 structures were
tested at Frenchman's -
.More bolts were used in each 34.3 structure Flats using special
connection in an attempi fo minimize the (imported) backfill to
mechanical slippage noted in the joints of 3.2 typify more standard
structures. Double rows of bolts were used (3.2 North American soils.
structures used single rows). No joint slippage
in 34.3 shhuctures wus noted. .Residual deformations ]
were rougnly half of
.34. 3 structures were tested at Yucca Flots under the t+ asient deforma-
notural soil conditions. tions.
.Residual deformaiions were a large percentage of
the transient deformations altrough the latter
were smali. Progressive failure under repeated
loads is suggested as u result.




Stee! Pipe Sections, Shown as a Function of Decreasing Overpressure.

-~ d = 7'-6" —
-———— B -——
02 / op 171) 3.2d / pp 121 (3.2h / po 121)
i 36.6 KT / 700 Ia—
1040° 1150
126 / 100 /
sec . 0.206 sec. 0.333 sec.
Symmetricol com- )
pression and flexure
{flattening).
.No significant damage
oa small per- occurred.,
-Minor slippage in
bolted, lap spiices
ere carried by occurred,
th of bunial
.3.2 structures were
tested at Frenchman's
3 structure Fiats using special
nize the (imported) backfill to
joints of 3.2 typify more standard
were used (3.2 North Americon soils.
joint slippage
.Residual deformations <

tea Flats under

e percentage of

h the latter
nder rcpeated

were roughly haolf of
the tronsient deforma-
tions.
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CORRELATION CHART

Category Circular, Reinforced Precase and Monolithic Concrete Pipe Sections Skow~ as a Fur
Structure F—T'-s"
¥ g -— . [
W
——— Le.o
Standard concrete sewer pipes without elliptical reinforcement. Prec
Operation lumbbob -~ P (30.
(Structure/ref. page) (3.2¢ / poi21) (3.2 / - ) 3.2 1/ e——) Fre
b
Detoration o ;
(Yielg / HOB) 36.6 KT/ SB /7 700" -~ ~— 43.¢
: |
. I
Distance from 1040" 150" 1360 900"
ground zero |
N
Pen/a i H / o 7/
s0/q in psi 126 / 190 , 60 . 160)
1
Pasitive Phase 0.206 sec. 0.333 sec. 0.361 sec. 0,24
Structural Symmetrical Uns)
Response flattening, I I flex
Mode flexural mode.
Significant . Internal longitydinal .Interncl longitudinal ,Min
Structural cracks ot ceiling and viucks of 1/32" burd]
Damage and in center of floor. 174"l width in ceiling and ent
Additional Comments floor crack, 1/32" floor. ciaq
cracks in ceiling. to A
Saacinl hart Bl wne . Wi
used to typify std. ion
sails. Good compoc- of ¢
tion, hence little No
flexural deformetion. Entd
.5" diam., 8 gage ~— -~ indi
corrugated steel nipe wal
entrance section war
showed no dumage on Thig
visual inspection. has
.Dimensional changes —_ - loo]
were less than 1%, mar
.Residual deformations - < for
were roughly haif of pip

the transient deforma-
tions.

.Structure 3.21 ot 60 osi

respondad in a'most the
same manner and to tre
same degree as 3.2j ai

100 psi.




ond Morolithic Concrete Pipe Sections Shown as a Function of Overpressure.

vithout eliiptical reinforcement.

"'IF.
‘:‘_—_T1 5' }g:
72

Precast rings

Monolithic construction

3.2 1 / -—— )

(30.6 11-2 / pp 149)
(French Shelter)

(30.7 CAa / pp 165)
(German Shelter)

(30.7 CAb / pp 165)

(German Snelter)

.Structure 3,21 at 60 psi

respond 2d in aimost the
same mcnner and o the

some degree as 3.2 at

100 psi.

pipas shown to the left,

L
- e 43.8 KT/ 700 - ——-
1350 900" - 1000
/ 60 7 ]
1607320 160/320 115/280
8sec, D.361 sec, 0.24 sec. - 0.26 sec.
Unsymmetrical Symmetrical flexural
————— -~ flexural mode mods I
rol tongitudinal . Minor damage to .Minor dumage except —_—
ks of 1,732" I buried mono'ithic to 2xposed emergency
hin ceiling end entryway, extensive exit hatch,
fe cracking and spalling |, Minor, symmetrical, -
to precast rings. longitudina! cracks in
. -~ .Wind and missile eros- | tloor und ceiiing.
ion to axposed parts .Minor, center-span —-—
of entry, crack running up the
.No impending co'lapse.| stair at the entryway
Entryway ciack patterns| (rect. const.)
- e - indicate that the entry | Wind and missile e
walls were forced out- | erosion to =xposed
ward into the soil. parts of entry.
.This site (Yucce Flats)
has characteristicolly En— -~ (-—-——"“
—— - looser soil than French- i
man's Flats, the site t
S - for the concrete sewer

(W

r
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CORRELATION CHART

Category Steel and Concrete Pipe Sections at Constant Depth of Burial Shown as o Function ¢
Structure Concrete,, ) Circular Steel Cor
Pipe " jas7-6 Steel d=7'-6" Cattle- d=7'-6" ‘
-_‘:;:._ou Pipe h=7'-0" Pass h- 7'-8"
N T
Operation Plumbbob s —~————
(Structure/ref. page) (3.2 /pp 121) 3.d/ -—— (3.2¢ / =+— ) (3.4
]
Detonation ‘
(Yield / HOB) 36.6 KT /5B /700 I * ‘
Distance from
ground zero 1040’ -— - 115l
Pso/q in psi 126 / -— —-~— 100
Positive Phase 0.206 sec. ~—— R 0.3
Structural Symmetrical com=
Response pression and Flexural ha— I
Mode Mode (flattening)
Significont .Internal longitudinal None .Chenge in height Intel
Structural crocks at ceiling and in was less than half of ' lond
Damage and center of floor; 1/4" one percent. crad
Additional Comments floor crack, 1/32" ceil
cracks in ceiling. N significant
. Lot .Spe
.Special backfill and structural damage . used
good compaction was \
used, hence, little :‘::
flexura! deformation. defd
.Dimensional changes . Dim
were less than 1%, '
. Wer
.Residual deformations Resi
were roughly half of the Vweri
transient deforimations. the
General Comments moti

Steel sections were subject to arch shortening to o degree not appreciably
greater than the concrete sections.

The concrete pipes, excepi ai ihe 160 psi locations, did not exhibit appre-
ciably greater stiffness than the steel sections. At this depth of buriai, ir
would be expected that membrane action (symmetrical compression) would
be most effective in resisting load. Concrete exhibits flexural darage more

graphicclly than steel at these flexural levels.




Constant Depth of Burial Shown as a Function of Overpressure.

g éte:: de 7' 6" Concrete d =7'-6" Circular d = 7'-6" Cattle= d=7'-6" Concrete d = 7'-4"
- arhie= =/ - — o _nAn — 70" - 7i.Qn —Qi.a"
bogn Pass he 778" h=28'-0 Steel h=7'-0 pass h=7'-8 h=8'-0
o e PO I— - P S [ T No cit
= ) (3.2 / =— ) 3.2y / <— ) (3.2h / -— ) (3.2g / =-——— ) (3.2 1/ =*— ) :’;Pe“
NI3 T
- - ——— Ay - —— e -
- 1150" -— - 1360" 1
i
3 —-—-—— 100/ ————— —~——— 60 / :
B ) 0.333 sec. = - 0.361sec.
e -— -— - - -
.Char;ge Ir;he'l?hl'F ¢ . Internal, symmetricol . None .Dimensional changes . Internal symmetrical,
was less than hail o longitudinal, 1/32" were less than 1/2% longitudinal, 1/32"
one percent. cracks in floor and cracks in floor und
No sianiti ceiling. ceiling.
+INo s;gmilzunt ,Special backfill was .Special backfili wu,
structural damage . used to typify the used to typify the
standard conditions, standard conditions,
hence, little flexural hence, little flexural
deformation occurred. deformation cccurred.
= .Dimensional changes .Dimensional changes
were less than 1%. were less than 1%. “
— - .Residual defarmations .Residual deformations (
were roughly half of were roughly half of ‘
the transient defor= — the transient defor- ;

Fening to o degree not appreciably

bsi locations, did not exhibit oppre-
ctions.
n (symmetrical compression) would
ncete exhibits flexural damoge more
levels.

At this depth of burial, it

mations.

mations.

. This structure at 60 psi

responded in almost the
same manner and to the
same degree as 3.2 a*
100 psi.




Cattle- d=7'-4"

d=7'-6" Concrete d = 7'-6" ' on

h=7"-8" h=8'-0" pass h=7'-8

— - — I\fo circular Steel Plumbbob
e (3.2 1/ =<— ) pipes were tested at 3.2k / pp 121)

this range.
e S S R
- 1360"

[ S— 60/ [
— 0.361sec. -

- - S

onal chonges
ss than 1/2%

. Internal symmetrical,

longitudinal, 1/32"
cracks in floor and

ceiling
2

.Special backfill was

used to typify the
standard conditions,
hence, little flexural
deformation occurred.

.Dimensional changes

were less than 1%.

.Residual deformations

were roughly half of
the transient defor-
mations.

. This structure at 60 psi

responded in almost the
same manner and to the
Surme deglee [ 32| at

100 psi.

.Dimensional changes

were less than 1/29%.

.No significant struc-

tural damage.

)

IR iy
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CORRELATION CHART
Category Earth-covered, Flexible, Corrugated Steel Arch Srelters.
Structure <:G,_Z..('y:,) _ii:f-d ‘(”,:‘: :::;::3 2;::‘ p'r.e:?g::d s
| NONTF | B test test /gﬁfm‘;
. é?_ Elouui JECA Y B e >\®>\/ = §
TR — vE-TTT 1 TS A R0
Operation Upshst-Knothole Upshot-Knothole Teapot - Same Te¢
(Structure/ref. page) (3.15 / pp 70 same structure as 3. 15 structure as U-K 3.13 {3.
Detonntion 26.5KT / AB / 2425 14,9 KT 7 S8 * 524 22.0 KT 783 - 420
(Yield / HCB) (May 8, 1933) (May 25, 1933) |
Distance from o e
g-ound zero 2700 223) 233" 15¢
Pso/q in psi 10.8 / 4 3.1 / 7 wit n /3 30
4 psi precursor g‘
Positive Phaose 0.707 sec. J.4)) sec.
Shuttuiat Asymmetrical flexure tittle information is Asymmetrical flexu. o
Response Hable dge b
availablie due to loss
Mode of deflection jage-.
.C
Significant .Acrch remained eiastic  [.Crown deflezted up- Triviol deflections, co
Structural but ena walls deflected | ward (transient and s
Damrage and inword extensively. residual), conpletely fl
Additional Comments .Minor arcr contraction | elastic arch response. u
cecurred due to joint lar
slippage. . The
.Biildirg responded ze
with one major lurch iy
and rehound followed ac
by trivial, domped D
oscillations. 5
.End walls were weakest .Fo
part, on|
.Structures of this type ur
T - will probably withstand be
: ove:pressures of 39 to be
i . 35 osi. $ng
.Deticctions ¢ 3proxi- ot
‘ mated camped harmonic de
! motion. st
‘L______.M—J .High lecwara sotl
pressures suggest high
passive pressures.




Steel Arch Sherters.

psion Berm raworked
¥iois s from pretious 1 - _—lrLi'o"
X e -— e S— -~
n-gy .
- -——Jl— .- steel 3. steel steel REEES
: Teapot Teapot 3.6 -— -~ -~
3. 15 struzrore 33 U-K 3,13 (3.6 / pp 95) (Mode! Mo. 1) (Moce! No. 2) (Mcdel No. 3) {Model F
24° 22.0 KT 783 743 «
2333 1500" 1400" 1500' 2000 2000°
L I
o it/ 3 30 / 170 35 / 200 30 / 180 19 . ¢4 1o 64
1
is Asymmetrical flexure —-— ——— - e PO, e
lO)S
Bs.
F .Complete asymmetrical |.Collopsed .Callapsed, partially Mithstood the blast .Collapse
up- Trivial deflections. collapse with windward due to water inundo- loads but undeiwent
B side of arch touching tion from burst tank. extensive crown de-
tely floor. Dynamic press- flections .
nse . ures were considerably
larger than predicted.
.The lee gages recorded .This model wos designed | . This mode! withstood
zero total pressure to hove stresses identi- Jyoumic deflection Analysis
whick seems to be chor- cal to those of the full of more tiran 4 times tion (exc
acteristic of dreg scale structure (3.6) tre value at which 0.25
pressures greater than ot the sume 1ange. statically loaced 409
50 psi . luboratory models
.For extreme drag loads failed.
on drag sensitive struc-
tures, the height should Residual deflection
be decreased, soil shoule - was 1575 of the height.
be compacted, berm —
should be widened,
corrugation should be .Backfill on all medels wis not compacted. - - -« o

deepened, steel gages
should be increased.
.Scil was compacted to
height of 8' «nly,




- ——— - e e -
steel aluminue clurminum
[ PR o - PG
Na. 2) {Model MNo. 3} (Model No. 4) {Mocel No. 5) (Model No. 6)
e e - e -———— -
2000 2000' 2500° 3GCD!
180 19 - 64 19 / 64 9 14 8 ' 2
- e - e e enen - -——
sed, putiolly Mithstood the Llost .Collepsed Withstood lurge Litthe sianificart

water inurda-

om borst tank .

adel wos designed
e shiesses identi-
those of the full
tiucture (3.6)
sonte range.

pmpacted .

leads but crder went
extensive crown de-
flectiors,

. This model withstoad

dynamic deflections
of more than 4 times
*te value @ which
statically louded
luboratory models
failed.

Resicive! deflection

was 15 cf the }‘.eighl.

deflections.
Residual deHection
was 475 of height .

damage

.Residuol deflections

less than 11 7270 of
the height.

Anclysis of the models which Jic ot collapse indicates that the deflec -
tion (excursion of the ciown) is more a direct function ot q thanp +

0.25q.
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CORRELATICN. CHART

Cotegory Buried, Semi-Buried ond Flexitle Corrugated Steel Arch Shelters.
- GZ (typ)
Structure -~ Same as struttuie —
— E gt Pth - .
B — - 3.3 ]’IJbll)J?'W”-‘
y Lh_:__.a!," St tne ste2: ribs.
& stesl ribs ~—1T—-
Operatica Plumbbob ———— -
(an"u\.iule://le!’- puge) (330 by IZ,’) \33: -——— (3.3H - -
Detonation - . ,
s ; a4 - —
Distance from . . .
. 59
ground zero 1150 1330
| SN . . .. . s
s0sq in psi 130 35 53 RIS 25 39)
Positive Phase 2.333sec. J.351 sec. ———
Structural Sy nmetiical con-
Response wiession und flexure - I
Mode {(Flatten™n )
S
Significant Minoe Guaning o e[ T oo slob did oot N Lignifican® A
Sttuctural in e flos slab e to | Gak, shu- tu al danage . |
Damage and frictiona! diay fron the {
Additional Comments Jownward 'movin ‘
footing., ¢
JJointslipora e Tn the L Jaiat slip». e WAl le < \
hao'ted “onace “tion, thar b 30 calh joint, ]
of the u.¢irwos frien ¢
P 8%t 3 &" «ain -

join®.

Aveirage fooling dis-

placement wus leys
e

than 37 Govnward,

Average footing Jis-

ploe nent was less

than 11 2% downwara.

CThe Footings dign'a- o

th> 53 ne anount o-

struztu e 2.3,

1. The 5ol of the Plombhob site (023" impo ted bozxfll) wos con-
sideratny Sotter tran fnz zovo! booin sand used for the Horarazk Sty -

tures smorvn to the sight.
\

we. ¢ Tar

ly Jifferent,

For trase

Inadftion, the susationy of pouitive dha s

22507, €3 € o d ne ogsen i

compasing thelr structeal reoonLe travastesistics.

[N

fa




exible Corrugated Steel Arcii Shelters.
ga

Sice a3 strultue 15-0
- — 3.3 and v bt with- —F )
out the stes! rins. L T e
| a3 e SR ¢
——— PP Hardtack ——— —— ——
e e (3.3 - (3.2a / op 189 (3.2¢/ w0 ) 3.2d / -—nu ) 3.2b / =-—
— —-— 18KT / zero 1/3 MT 7/ CSB 7 zero —-_ —
D! B — .
980! 3200 3950 4470"
7 300 % 2 90 / 18C / 100 / 78 /
oo -
plsec, — 0.40 scc. 1.2 scc. 1.52 sec. 1.6 sec.
. . < . .
Shearing failure Symmetrical flexuial Symrmretical flexurel
B . tm. —e - w3 . . L S
followed by failure with localized foilure
flexuie st:earing failuies
floow dab 5.4 ot N Ligeifican® -Collapse was initiated | .Complete symmetiicol | .Complete, symmerrical .Same a5 3.2¢ (Com-
k. shio b ab duneae. by foilure in bearing flexu al collapse with flexural collapse with plete collapse).
at bolted seam opprox. | crown moving downward, crown moving upwaid,
5' above the tloor line naunches outward. hounches inword.
on the lee side. This LAich sheets at support
elipoa e was le s was followed by com- tore away from the
vy Y Y
| I R plete flexuial collapse . foundatian by pushina
. cutward. No other evi-
General Comments on Operation Hardtack : ‘ At .
dence of lacolized foil -
1. The extent of the damage was directly pio- ve in bolted connec-
ai festing Hdis- Lo foatings disp’aced portional to the duration of the positive tions was found.
et was less N0 e areont a- phase . _Failure of the end wells
o -3 13- . . Sfected H TR
11 2" cownward. shostu o 3.3 2. No eviderce ¢f diag loading was fourd. effected the strerath: of
- . o ieenys \ the arch to ¢n unxnown
. The corol beacl: sana usec in beckfilling the .
. . oo R degree . \
a' imoe ted Huth Gl was cose structures had deficient properties in dersity, - i
h - 5 € . . i . Pre-test bacitiiling opera- i
! > Vsatel Luea tor tne ilordraci st o- cohesion, shear s!reng.‘h, cna c0'r=pnctob|.|ry . : . an l
s ' . . i . X I i .- .. . oD 12iCEC Liuwidi Lp O )
Vo Littion, the Guiation, of positive shase wlen compared to soiis found in normal sitva- o : N \
R ; . (6°5) und haunches in- !
o . LR €5 LN Y I A N T ticns. Lo oy .
e o 4. The Harotack had dirt £l pord o 451 ‘
sresshoCs. . he Harot tructures b TS, ;. pe e H
- e rlarotack structures had dirt tiocrs .Crown had insufficient |
;
cover ‘¢ provide mem- |
ticre cction. L <
i
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CORRELATION CHART

Category Comparison of Earth-covered Steel to Buried Steel Arch Shelters.
Structure ano" ”L )
&y 57 “‘;ﬂFL’X’\.z— TR
s __Lh=wegy
Operation Plumbbod Teapot Uashot-Knothole
{Structure/ret. poge) 3.3b .7 pp 127) (3.6 / pp95) 3.15 / pp70)

Detonation

(Yiela ,” HOB)

36.6 KT,/ 700

22.0 KT/ 400

26.5 KT,/ AR / 2425

Distance from

ground zero 1360 1560 2700
Pose in psi 56 7 300 30 /1790 0.8 / 4
Positive Phase 0.361 sec. 0.700 sec.

Structural
Response
Mode

Symmctrirnl r am-
pression and
flexure (flattening)

Asymmcetiical
flexure

Asymmetrical with one
major lurch and rebound
followed by trivial,
damped oscillations.

Significant

Structural

Domage and
Additional Comments

.No significant struc~
tural darmage.

. Joint slippage was
less than 1./8" each

joint,
.Average footirg dis-

nlacement was less

. Backfill was well
compacted.

than 1 1/2" downwara.

.Complete asymmetrical
collapse with the wind-
~ard side of the arch
touching the floor.
Dynamic pressures were
considerably larger
than predicted.

.The backfiil was welli
compac ~d.

.Arch remained
elastic but end walls
deflected inward
e«tensively.

.End wolls were
weakest part,

. Structures of this
fype will _orobably
withstand oser-
p-essures of 3 to 40
psi.

. Deflections approxi-
rated damped ~ar-
monic motion.

.High leewarc soil
pressyres suggest
high passive pressures.
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CORRELATION CHART

Category Buried Reinforced Concrete £ -ch Shelters.
;4.0
Structure A
8-0" B -
20" iong
Operation Plumbbob - ~ \
(Structure/ref . page) (3.ic / pp 1i8) 3.1b / ~— ) 3.1a / -— ) (i
Detonation —————
. e
(Yield / HOB) 36.6 KT / 700"
Distance from
ground zero 960" 1040 1353
Pso/q in psi 199 / 124 / 56 /
Positive Phase 0.20$ sec. J.361 sec.
Structural Compression and
Response and aopreciahie —— ——
Mod2 asyrmctrical tHexure.
Significant .Obvious diagomal . Instrumentation
Structural cracks ozcurred in the proved that planz
Damage and floor slab. Cracks sections remained plone| -C1
Additional Comments ozcurred on the inner .Accelerations of the cr
surface of the arch at floo- slab were miro-. -Be
the third points. .Mino- cracking ozcurred] €9
.High accelerations of e but in a sattern rouah-
the monolithir floor ly simiiur io 3.1b, c.
slab may be psycho'o-
gically ohjectionable, G
. Structure was adequate -——— ]
as a oarsonnel shelter BN
- at 202 psi oserpressure,
: Genzral Comments
i i ) 4
: 1. Deflections were smali cut directly propo-tional to the magnitudz of e
overpressure.
2. Backfill was fully conpacted. /-
i . i 3. Transient earth pressures af sone points exceedzd free field overpressuies
1 i
: 8.

L-——_“J

at the giouad surface, probably due to reflected and passive pressures in
the soil.
4. Conveantiona! blast d2sign prozedre gave conservative results.

| |




Arch Sheiters.

ditect'y oropo-tional to tre magnilud: of

5. As structures wete almost square in plan, the end conditions greatly
offected orch action. Structure 3. 1n was designed to evaluate this
effect, and indicated that the end effects extended inward o distance of
approximately 1 1/2 tires the radius.

6. The vertical reactions at the springline equaled the peak overpressure at

ground surface times half the plan arec of the arch.

7. Probable location of failure would be ot the springing line due tc large

P - -
32" long
——— -—— -~
b / e ) (Q.iec / —-— ) 2.1n < -}
——e ————— - —
-
' 1350
/ 5% —~———
M sec. 3.361 sec. e
———— —— [ —
. Instrumentaticn -
proved ticat plon.
sections rerainud plane| - Cracking was more extensive than in 3.1a with arch cracks at
LAcceleiations of the crown 1ather than 3ird points.
flos slab were nino: . .Bending is still significant, costing doubt on the validity of the
.Mino cracking ozcurrea| commen design assumption of zero bending.
e ——r but in g sattern rough-
ly similo: to 3.1b, c.
Genetal Comments (continued)
Jenegl -ommen’s

_—

- -

b
ed.
some points exceed:d fiev field overprossutes moments and thrusts. i
lhly due to reflected and oassive pressures in 8. The residual deflections were roughly holf of the transient deflections. |
' ! {
L. i
Tec - H : ————
proTedure gave conservative :esuits.
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CORRELATION CHART

Category Buried, Reinforced Concrete Rectangular Shelters in Operation Plumbbob.
1
Structure 1
1
98
il (@I o5
e g TR
©  massive const. - massive const.
Operation lumbbob -— B
(Structure/ref. page) (30.7 RAa / pp 157) (30.6 11-1 / pp147) (30.6 H1-3 / pp I51) (30,
Detonation 1
(Yield / HOB) 43.8KT/ 700’ I -
Distance from w
ground zero 840' 900" - :
Pso’q 190 / 160 / -— i
jg‘
Positive Phase 0.11 sec. 0.24 sec. ~—
Structural
Response Flexural -— -—
Mode
Significant .Minor cracking in .Minor cracks in -—— M
Structural buried portions, major | unexposed portions. in
Damage and damage to 2ntrance pd
Additional Comments way, the entry way be
walls being pushed
back into the fill,
.Extensive cracking
and spalling
vzcurred at the middle
of spans and at re-
entrant corners.
General Notes on 30.7 Structures

o =

1. All exposed portions exhibited from extensive to mild wind zrosion and
missile scouring.

2. Shelters and ground exhibited similar accelerations and translations,
with some tendzancy for the entry stairways to separate from the shelter
structure.

3. Standard blast design procedures predict the structural action with
reasonable accuracy, using actual strengths of materials and as-built
consfruction details,




clangular Shelters in Operation Plumbbob.

mossive const,

7

T T

Same as 30.7RAq
(first column)

=1/ pp 147)

<

(30.6 11~3 / pp 151}

(30.6 11-4 / pp 153

sfpmnc
(30.6 11-5 / pp 155)

D e

(30.7 RAb / pp 159

-r—

(30.7 RAc / pp 161

[ S—— e -——— e [ S P T——
%
-— —-— 1000* -— e
—~—e - ns/ -— > ‘
1
f" —~ - 0.26 sec.
-_—— ———— —— —— -— -———
crocks in -— .Minor cracking Very minor damage .1/32" crucks in floor Hair line cracks in

psed portions.

fron extensive to mild wind zrosion and

irilar accelerations and trunslations,
ry stairways to separate from the shelter

s predict the structural action with
val strengths of materials and as~built

in buried
portions, entrance
badly doraged.

in buried portions.

minor wall and roof
cracks, major entrance-
way demage though
appreciably less than
30.7 RAa (first column).

main structure, e -
tensive entranceway
cracks ot re-entrant
corners.,




as 30.7R Ao

e
co'um.".
I —————— ——— —
Ab 7 pp 139 (30.7RAc / pp 161) (30.7RAd / pp 163 (30.7 RCa / pp 169
e [ I -t -
-— —.— 1176 1170
Da— -— 82/ 27/
- - .30 approx. .48 approx.
- —— -_———— - - —

crucks in floor
wall and 100t

L major entrance -
frage though
iably less than
W (filsl co|un|n).

.Hair line cracks in

main stiucture, ex-
tensive entranreway
cracks at re-entrant
corners.

.No drmage to

shelter, slight

entrenceway damage .

.Minor cracks

well distributed.

.No significant

damrage.
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E(_)RRELA:TI_C_}E"_‘CHART

Category Other Buried Reinforced Concrete snelters of Rectangular Construction.
Structure

W
Opzration Teapot
(Structure/ref. page) (34.3a-2 / pp 100) (34.3b-2 / -—) (34.3a-1 —e ) &]
Detonation ‘
(Yield "HOB8) 28.5KT / A3/ 300" - — 14,2 KT / AB 7 530

-
Distance from
ground zero 1050 -~
Pso/q in psi 91.9/ —— 47/ |
Positive Fhace
Structural Unknown due to lack of
Response instrumentation, and -— -
Mod » significant distortion.
Signiticani . No significant structural damage. -~ .q
Structural H
Damage and . Consideranle dirt ond d:bris littered the stair wells. -— 7

Additiona’ Comments

-Retaining wall around entry was dumagad.
. Vent pipass were to-n off.

.Maximum vertical acceleration of floci slab (3, 7q)

was much less than predicted,

LAl expu;ud venotila-

tion vents {pipes) wire
bent away from G.7.

£




cre te Shelters of Rectanguiar Construction.

o' tloo slabs (3. 74)

tinn vents {pipes) were
bent goway fiom G.Z,

P -t -emee
With concrete Intsrior 5
partition Parking Garage T
Plumbtaob
h-2 -—) (34.30-1  -—— ) (34.3b-1 / ) (30.2 / pp 141
—-— 14.2 KT ."AB 502 .- 36.6KT / AB / 700
- e e ‘——
7
—— 4 e e 42/
—— - -——
N - — .Considerable dis- .Retaining wall at entrance romp was extensively
tortion to the door damaged, partially due to inadequate soil com-
oreei e stan welly - frame in the con- paction and high reflected overpressure loading.
crete partition. .No other structural domage occurred.
duanayg d, -Ramrp side-wall was rmoderately cracked with some
indication of bond failure.
AN capared ventila-

Steucture was more then adequate to resist the
loads applied.

.Tke strength of no'mc! lap splices in concrete
reinf. may be much lower under high loadirg
cates than under static loads.

.Concrete ductility would be enhonced by weld-

ing or elimingtion of reinfoicement splices.

.Natural soil is quite sti¢f. Backfill was compacted.




GENERAL DISCUSSION OF STRUCTURAL RESPONSE

A summary statement can be made that the weapons tests in each cnse did not dis-
prove standard assumptions used in blast design, limit desigr, and ultimate strength
theory. On the contrary, many test results were verifiable with reasonable accuracy
by employing the actual material strengths, as-built construction conditions and
blast overpressure data available after the tests. Standard, reasonable, engineering
analyses appear to be adequate within the range of accuracy of the test data. Much
refinement is necessary for complete understanding of the siructural action.

l. Earth-Covered, Semiburied, and Buried Steel Arch Shelters

The results of the tests emphasize the basic concern that above-ground
structures in regions of high overpressure are loaded by severe, asymmetri-
cal, drag forces. Above~ground, earth-covered, steel arch shelters
collapsed completely under short duration, 30 psi overpressure loads.

Buried construction showed only minor damage at 100 psi. < The results of
the tests indicate that the type of earth-covered, steel arch shelters tested
will be operational up to an overpressure of 15 psi. The effect of the eurih
cover was to reduce the load on the lower, windward panels of the arches,
and protect the lower, iee side panels by minimizing the horizontal oubvard
displacements. The eurth cover had litile or no effect on reducing the down-
ward force applied to the arch crowns.

It is worthy of note that (1) no arch shelters with well compacted backfill
were tested using megaton range detonations, as Eniwetok soils used did not
have the mechenics! proparties necestary for good coampaction and passive
pressure development; (2) semi buried s'e§| arch shelters foiled completely
under high pressure, long duration loads;” ond (3) all of the structures tested
in Nevada which did not fail had groper soil and good compaction. Addi-
tional tests should be conducted on steel arch structures with good soil
compaction using long duration loads, and on steel arch structures with poor
compaction using short duration loads.

The results of the tests indicate that flexible arch shelters when buried or
earth-covered to eliminate drag looding, and when backfilled with well~
compacted soil of high shear strength, are loaded essentially symmetrically,
and function properly up to overpressures of at least 50 psi when these over-

]Operafion Teapot, Structure 3.6, puge 95
2Operofi<)n Plymbbob, Structure 3.3a, page 127

3Operq'fion Hardtack, Structures 3.2, poge 189
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pressures are of short duration. However, flexible orch shelters, back-
filled or covered with loose soil of poor compactability, collapse at
overpressure levels of less then 30 psi when loaded with either long or
short duration blast forces.

Pipe sections buried at depths greater than their span appeared to deform
predominately in the circumferential compression mode.

Steel Construction Compared to Concrete Construction

The results of the tests do net indicate that reinforced concrete structures
have appreciably better structural responte ( lower occelerations, smaller
deflections, less differential movement, etc. )} than do steel structures
designed for the same purposes. Due to the erratic nature of the test data,
it can only be soid that deflections measured on concrete structures tend
to be smaller, on the average, than do corresponding deflections on steel
structures. As expected, concrete acts in a brittle manner producing some
missile hazard, while steei acts with high ductility. Distress in concrete
structures is easily recognized by the resulting crack and spall pottern.
Damage to steel structures does not present itself so grophically. No in-
formation is available on the pre-~test and post-test conditions regarding
the water tightness of the test structures. Accelerations of tested struc-
tures of both materials were comparable to the accelerations of the soil

ot the same depth of burial.

The instrumentation of the structures allows only limited insight into the
interaction of structures with soil, the most important characteristic of
the structural response of buried construction. The questionable accuracy
of the data, os well as the lack of complete data, does not allow detailed
analysis. However, a general, positive statement has been made .

This concept , stated by several test program officers and not clearly
supported by test results, suggests that steel urch structures, being highly
flexible ond, hence, inefficient in resisting unsymmetrical loads, respond
to such loads by yielding sufficiently to allow significant passive pressures
to be developed in the soil. These passive prescures, onerating in resis=~
tance to the applied loteral loads, produce the soil pressure gage readings
obtained in many tests which indicate essentially symmetrical structura!
loading. Hence, os a reciprocal, concrete structuies of greater stiffness
will not "lean into™ the soil to develop passive pressures, and, as a re~
sult, are looded more asymmetrically . Thus, steel structures gain support
from the surrounding soil by "rolling with the punch, " while concrete
structures must rely more on their own inherent strength. Backfill must

be well compacted to create significant passive pressures for small arch
side=sway . In oddition, arch span should be minimum. Arch length has
no influence if greater than three times the radius of the orch, aond if




shorter, contributes to the strength of the sivucture.,

No full scale, buried, rectangular, steel structures were tested to allow
correlation with buried, rectangular, concrete construction. Interesting
tests of iimited scope were conducted in Project 3.8 ¢¢ Upshot-Knothole
(pp 63) on buried steel beams, but do not indicate the composite response
to be obtained from complete structural assemblies. Steel, rectangular
modelsdwere built but subjected to insufficient force to obtain structural
response information.

The rectangular, reinforced concrete construction suffered only minor
domage to below ground portions. Minor to severe cracking and displace~
ment wos experienced in the entry ways and stair walls, predominately due
to Flexure in a mode nct normally experienced by soil-retaining components.
Walls were pushed outward into the soil as atmospheric pressures were
greater than the soil resistance. Extensive wind erosion occurred to ex-
posed parts.

The Effects of Soil

All tests of sufficient sirength to produce measurable structure! response
have shown that soil significantly effects the strengths of buried, semi-
buried, and earth-covered structures. In addition to increasing the effec-
tive mass of o structure, soil resists movement ond quickly domps out
resulting vibrations. Overpressure is significantly reduced in intensity
when the backfill is luose ond can move or consolidate when the shock
wava passes through it. Well compacted backfill of high shecr strength,
while being much less effective in reducing overpressure intensity than
loose fill, will develop the passive resistance nceded by flexible struc-
tures. [f the depth of burial of o flexible structure is greater than its
span, the soil will arch over the structure providing additional load resis-
tance. No significant structural 1esistance wus attributed to soil arching
in the structures of smaller burial depth to span rutio.

It is generally recommended for arched or tubular struciures that backfill
be corefully selected and compacted to assure moximum resistance to
flexural distortion. In odditior, the test resulte lend support to the
assumption that structures buried at depths equal to or greater than their
span are loaded essenticlly symmetrically. No statements of a more
specific nature should be made on the evidence obtained from these tests.

4
Operation Buster-Jangle, Structures 3.3, pcge 20
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Iv. The Action of Structural Foundations

No damage was sustained by pud footings used in the maossive, concrete,
underground parking garage tested in Plumbbob Project 30.2 (pp 141}. No

oihier struciure viilized sepuruie foorings.

The structural action of continuous, goured-in-ploce foundations was most
graphically illustrated by the steel arched shelters of Operation Plumbbob.
Being relatively flexible, these footings moved downward ( 3" maximum )
and in some cases, outward, when not tied directly to the ficor slab. Ex-
tensive foundation cracks occurred but due te the cantcined naoture of the
1esulting configuration, no collupse was imminent.

The floor slcb used in the steel arch shelters was free from the foundations
and resisted their deflections by friction only. Only minor floor slab
cracks occurred ct 100 psi overpressure loadings. On the other hand, the
massive, monolithic foundation-floor used in similar concrete arch shelters
{ Plubbob 3.1, pp 116) suffered extensive crack damage . The difference
in structural distress of these two floor systems is attributed to the mobility
of the free foundations of the former over the massive, monolithic supports
of the latter. It is to be recognized that the concrete arch structures were
subjected to greater total loads, but probably could have hiad less dumage,
had the floor slab been free.

V. The Use of Models

Models have been used to obtain test results. It is feasible to design model
tests which will yield meaningful results. The construction ond testings of
models should receive the same caore os that of the prototype. The advan-
tage of their use lies in lower total costs of construction due to smaiier
physical size. Models were tested in Pioject 3.6 of Operation Teapor

{pp 95). Unfortunately, littie was learned beyend the fact thut the
structure either did or did not fail, and the fact that sheet aluminum is
weaker than sheet steel. Deflection was found to be o function of q

rather thon p + 0.23q as normally assured, but the models were not con=
structed to give accurale results.

Models should be used extensively in laboratory tests in the planning of
full scale tests.

LIMITATIONS

The weapons tests conducted on buried, semiburied, ond earth~covered structures, in
must cases, gave the information needed to sotisfy the project objectives. For the

most, these objectives were to determine whether o specific structure would or would
not serve as an cdequate personnel shelter. The writers of this report were interested
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in more than the yes-or~no answers obtained in the tests. |t was desired to iso-
late and examine the data in these tests to extract that information which is
pertinent to the solution of the structural design problem.

The resuits of the investigation reveal that although a considerable amount of dato
waos taken, much of it was either debatable in its reliobility, incomplete in its
scope, or not pertinent to the structural problem. When added to the fact that the
structures tested were often stondord structures not designed to carry blost loads,
and, hence, contoined obvious structural weoknesses, and that each project was
different in basic points, giving a series of isolated examples, the results of o
cotrelation became general and rather uninformative. Specifically, it can be
soid that standard assumptions of stiuctural action were not refuted by the test
results,

These full scale test programs were admirably conducted within the imposing
limitations of project objectives, planning Yime, and financial support. it hoy
been learned, for example, that certair types of structures con or cannot be used
os blost shelters, Empirical rules con now be set up Yo govern the construction of
the types of shelters tested. These rules con be extrapolated with boll-park
accuracy 1o design shelters of somewhat different configurations. It should, how-
ever, be stated thot much of the information is of inadequote content to do more
for the field of strurtural analysis than suggest trends and provide backgreund for
generalized statements.

RECOMMENDATIONS

Considering buried, semiburied, ond eorth-covered construction, the writers
recommend:

{. That additional full scafe tests be conducted on structures of both
conciete and steel construction;

2. That the totol test pragram be placed under the guidance of a single,
engineering-research~oriented group whose <harge it will be to
provide continuity and completeness to the progrom;

3. Thot oll test progroms be olonned on the evidence of detoiled
preliminary investigatior..;

4. Thot the tests be designed to yield krowledge specifically applicable
to structural design for blost loads for conditions of soil, and maisture
content found in more representative sites, this information to indicuie
both the imrediote strength and continued serviceability of the struc-
tures tested;

5. That particuler core be taken to properly instrument the structures and
surrounding soil to obtain:
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(o) loading modes and magnitudes, os a function of time,
(b) response modes, time-motion history, and distortion magnitudes,
(c) soils-structure interaction characteristics;

That the same type of structure be tested repeatedly to evaluate:

(a) the effect of soil,

(b) the effect of berm configuration, and depth of burial,
(c) the effect of overpressure, and drag,

(d) the effect of duration of load application,

and that the same tests be conducted on both steel and reinforced con-
crete structures of similar configuration;

That in conjunction with these tests, detailed information be obtained on:

(a) response of buried shell structures,
{b) shock isolation of total structures,
(c) shock mounting of structural systems, and components,
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