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FOREWORD

This report was prepared under Program Element 6.16.46.01.H, Project 5710,
Subtask PSS3157.

This report was submitted by the author 14 December 1967. Inclusive dates
of research were December 1966 to December 1967. This techmnical report super-
sedes AFWL-TR-66~160.

The author wishes to acknowledge the previous bibliographies in this area
that have bean done by Captains Douglas H. Merkle, John E. Scott, Mahlon E.
Traylor, Jr., and Lieutenants Richard L. Player, Jr., and Roger A. Gurner.
The author has obtained a large amount of material from their reports.

This report has been reviewed and is approved.
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ROBERT E. CRAWFORD GEORGE¥YC. DARBY, JR.

Lt Colonel, USAF Colonel, USAF
Chief, Civil Engineering Branch Chief, Development Division
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; APWL-TR-67-145

ABSTRACT

{(Distribution Limitation Statement No. 2)

Summaries of research reports dealing with nuclear weapons effects on protective
structures as well as with the analysis and design of such protective structures
are presented. These summaries are from reports published by the Civil
Engineering Branch, Development Division, Air Force Weapons Laboratory, and
predecessor organizations from July 1951 to December 1967. The bibliography is
arranged in four sections. Section I contains edited abstracts of technical
memoranda, technical notes, technical reports, and technical documentary reports.
(Parts A, B, C, and D.) Section II gives a chronological listing of all undesig-
nated reports and weapons test reports ielated to protective structures published
5 before July 1958. Section III 1lists all designated reports by document number

% including title, publication date, and classification. Section IV gives a

? listing by contractor.
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Edited abstracts of Technical Memoranda, Technical Notes, Technical Reports,
and Technical Documentary Reports (Parts A, B, C, and D).
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INTRODUCTION

This dibliography is a compilation of research reports dealing with nuclear
veapons effects on protective structures as well as with the enalysis and design
of such protective structures. These reports have been published by the Civil
l;ng:lneering Branch, Develcpment Division, Air Porce Weapons Laboratory, and
predecessor organizations from July 1951 to December 1967.

A large amount of the informatior appearing herein has been excerpted from
the following reports:

a. Garcia, Mary J. C., "An Annotated Bibliography of Protective
Structures Research," AFWL-TR-66-160.

b. Gurner, Roger A., Lt, USAF, "An Annotated Bibliography of Protective
Structures Research," AFWL-TR-65-141.

c¢. Merkle, Douglas K., Capt, USAF, "Project 1080 Research Summary,"
August 1962, RTD TDR 63-3023 {Revised March 1964).

d. Scott, John E., Capt, USAF, "A Summary of Recent Reports Produced
Under AFSC Project 1080," September 1961, AFSWC TN 61-26.

e. Traylor, Mshlon E., Jr., Capt, USAF and Player, Richard L., Jr.,
Lt, USAF, "A Summary of Reports Produced Under ARDC Preject 1080," March 1959,
AFSHC TN 59-11.

Section I contains edited abstracts of the reports arranged by document
number designation as indicated below:

TM - Technical Memorandum

TN - Technical Note

TR - Technical Report
TDR - Technical Documentary Report

For each report the following information is shown:

Report Number

AD (Accession Document) Number--The Defense Documentation Center number
assigned to the document, if availabie.

Title

AF Contract Number




Raport Contractor
Publication Date
Security Classification~-U - UNCLASSIFIZD

OUO - OFFICIAL USE ONLY
C - CONFIDENTIAL
S ~ SECRET
S~FRD - SECRET FORMERLY RESTRICTED DATA
SRD ~ SECRET RESTRICTED DATA

Report Summary

Section II lists, in chromological order, undesignated reports published
prior to July 1958, with the following information:

TITLE DATE CLASSIFICATION CONTRACTOR AVAILABILITY

Section II also contains a numerical index of Weapons Test Reports related
to protective structures published from 1951 to 1959.

Section III lists all designated reports by document numbers.
Section IV lists reports by contractor im. the following mauner:
Contractor ™ ™ TR TDR \

None of the reports listed in this bibliography are available for
distribution from the Air Force Weapons Laboratory; however, where an AD number
is indicated, copies may be obtained from the Defense Documentation Center,
Cameron Station, Alexandria, Virginia 22314.
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BACKGROUND

The Civil Engineering Branch of the Development Division, Air Force Weapons
Laboratory, Kirtland AFB, New Mexico, began in 1450 as the Special Studies Office
of the Design Branch, Installations Engineering Division, Headquarters Air
Material Command (AMC), Wright-Patterson AFB, Ohio. Originally intended to
handle civil engineering problems of a difficult or unusual nature throughout
AMC, the Spacial Studies Office also provided engineering support for Air Force
participation in nuclear field test operations GREENHOUSE (1951), JANGLE (1951),
and UPSHOT KNOTHOLE (1953). Personnel in the group were from both AMC and Air
Research and Development Command (ARDC), and a large share of their mission
requirements came from the Office of the Chief of Intelligence, USAF. Most of
the early reports written for the group deal with target analysis, physical

vulnerability, and damage assessment.

As interest in nuclear weapons effects increased, emphasis within the
Special Studies Office shifted from damage assessment to developing design
criteria for structures intended to withstand nuclear attack. In 1955, the
group was transferred entirely to ARDC, under the leadership of Eric H. Wang,
and became the.Blaat Effects Research Group of the Aeronautical Research
Laboratory, Wright Air Development Division, Wright-Patterson AFB, Ohio.

In September of the following year, "Nuclear Weapons Effects on Hardened
Structures," designated Project 1080, was transferred to the Air Force Special
Weapons Center, Kirtland AFB, New Mexico, and the Blast Effects Research Group
then became the Structures Division of the Research Directorate, Air Force
Special Weapons Center (AFSWC). When the Air Force Weapons Laboratory (AFWL)
was formed in May 1963, at Kirtland AFB, it became the Structures Branch,
Research Division, AFWL, and in May 1964, it became the Civil Engine~ring Branch
of the Research Division. On 1 February 1965, the Branch was transferred to
the Development Division of the Laboratory.

Project 1080, Nuclear Weapons Effects on Hardened Structures, was superseded
by Project 5710, Nuclear Weapons Effects Research and Testing, effective
1 April 1964. Under this project there are four subtasks which are the respon-
8ibility of the Civil Engineering Branch:

I-5




1. Determination of Dynsmic Properties of Soils

2. Dyvamic Response of Buried Structural Systems and Materizls

3. Devalopment of Techniques for Simulation of Nuclear Weapons .
Blast Effects.
4. Effects of Dynamic Recponse of Structures on Contents .

! This bibliography will be updated periodically with summaries of research
b reports generated by both in-house and contractor projects connected with these
subtask areas.
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PARTS A, B, C, AND D
PART A: TECHNICAL MEMORANDA
PART B: TECHNICAL NOTES |
PART C: TECHNICAL REPORTS ‘
PART D: TECHNICAL DOCUMENTARY REPORTS
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SWC-TH-5T-2 AD- 467 201
PROCEEDINGS OF FPIRST SHOCK TUBE SYMPOSIUM, 26-27 FEBRUARY 1957

In-house

;obrury 1957

This report presents papers delivered at the first AFSWC Shock Tube
Symposium. The purpose of the symposium wvas to promote exchange of information
on progress in shock tube research at numerous shock tube laboratories. The
papers presented are listed below:

(1) The Adr Force Shock Tube as a Research Tool

(2) Design and Performance of the General Electric Six-Inch Shock Tunnel
Pacility

(3) The Development of a Shock Tube to Generate Variabie Stepped Shock
Fronts

(k) Studies of Transient Air Porces on Two-Dimensional Airfoils

(5) Studies of Grids in Shock Tubes

(6) The Development of the Shock Tube Facility for Airfoil Studies
(7) The Surface Film Thermometer: A Versatile Shock Tube Technique
(8) Some Observations of Bifurcated Reflected Shock Waves

{(9) Humerical Solution for the Reflection of a Compreasion Wave from
& Rigid Wall

(10) The Use of the Shock Tube in Hyperscnic Research
(11) Study of Re-entrant Corners

SWC-TH-58-3 AD-211 239
PROCEEDING OF THE SECOND S8HOCX TUBE SYMPOSIUM, 5-6 MARCH 1958

In-house

March 1958

i

Papers given at the second APSWC Shock Tube Sympnsium are presented in
this report. The symposium revieved modern developments, techniques, ~peraticn,
and instrumentation of shock tubes. Belov is a list of papers presented:

(1) BShock Tube Wind Tunnel Research st the US Haval Ordnence Laboratory
(2) BShock Tube Studies of Blast Pressures Behind Frangidle Wall Papels
(3) A son of » an 4 Test t sure
Bulidup Behind Frangible Walis
A-2
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(4) Some Results of a 7 5ck Tube for Biomedical Investigation
(5) Experimentation with the General Electric Six-Inch Shock Tunnel :

(6) Pressure-Time History in a Chamber Subjected to Shock Wave Filling
Through an Orifice

(7) Determination of the Time History of the Flow Field About Blunt
Bodies in a Shock Tube

(8) Some Experiments with Periodic Shocks

(9) On the Effect of Attenuation on Gas Dynamic Measurements Made in

Shock Tubes

(10) Generation of Pressure Wave Forms Through the Detonation of
Explosive Charges

(11) Problems in the Use of Piezo-Gages for Shock Tube Instrumentation

(12) Determination of the Dynamic Response Characteristics of Pressure
Measuring Systems Utilizing Shock Tube Testing Teciniques

(13) High Temperature Effects in Shock Structure
(14) Shock Wave Calculations for High Temperature Gases

(15) Heat Transfer Measurements on a Hemisphere-Cylinder in the
Lockheed Three-Inch Shock Tube

(16) A Particular Application of a Conventional Shock Tube for the
Study of Transient Ignition and Combustion in Subsonic Flow

(17) One-Dimensional Shock Waves from an Axially Symmetric Electrical
Discharge

POURTEENTH MEETING OF THE PANEL ON BLAST EFFECTS ON

BUILDINGS AND STRUCTURES, AND PROTRCTIVE CONSTRUCTION, VOLUME 1 !
In-House i
October 1958
SFRD

1
SWC-TM-59-1 AD- :
i

The agenda of the fourteenth meeting of the panel on blast effects on
buildings sad structures are mainly devoted to presentations by comtiactors
working on problems arising from Project 1080, "Nuclear Weapons Effects on
Standard and Hardened Structures." The urpose of this meeting of the panel
is to give each contractor a good overall picture of the integrated program of
Project 1080 and to enable them, as well as the consultants and representstives
of the interested goverument agencies to comment on these efforts. Project 1080
is divided into tasks; presentations will be by task in order to presaat the
work in the same field in consecutive order. A discussion will follow esach
presentation.
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SHC~-TH-59~-2 AD-230 333
PROCEEDINGS OF THE THIRD SHOCK TUBE SYMPOSIUM, 10-12 MARCH 1959

In~house

March 1959

U

Tais report presents papers delivered at the third Air Force Special Weapons
Center Shock Tube Symposium. The purpose of this symposium was to exchange
information of the develupment, techniques, operation, and instrumentation on
shock tubes. The papers presented and their authors are listed below:

(1) Resume of Experiments Conducted in the High-Pressure Shock Tube of
the Gas Dynamics Laboratory at NASA--Jim J. Jones, NASA Langley

Research Center

(2) A Probe for Determining Flow Conditions in a Short Duration Hypersomic
Stream—A. V. Former, Lockheed Aircraft Corporation

(3) Plow Phenomena in the Convair Free Jet Shock Tunnel--Karl A. Faymon,
Theoretical Aerodynamics Group, Convair

(4) An Explosive Driven Conical Shock Tube for the Study of Spherical
Shock Waves--William S. Filler, US Naval Ordnance Laboratory

(5) Kinetics of Hydrogen Recombination in a Chemical Shock Tube--

C.V. Metzler and W. H. Moberly, North American Aviation, Inc.,
Rocketdyne Diviuion

(6) rement of Concentration Behind Shock Waves Using an Ultraviolet

Abs ion que-—John S. Evans and Charles J. Schexnayder, NASA
Langley Recearch Center

(7) Diffuysion Effects on Shock Structure in s Plasma--0. W. Greenberg and

B, K. Sen, Air Force Cambridge Research Center, and Y. M. Treve Block
Asgociates, Inc.

(8) JYechniques of Pressure Measurement on an Airfoil in a Shock Tube—

J. Ray Rustenik
(9 @ Application of Pressure and Force Trans4ucers in Shock Tunnel

g_m;_ggg_g_«c. J. Harris and E. M. Kaegl, Ceneral Electric,
Missile and Ordnance Systems Department

(10) be Studies of the Effects of Sharp-Fising, Long-Duraiion
oures Biological Systems—D. R. Richwond, R. V. Taborelld,
7. Sherping, M. B. Wetherbe, R. T. Sanchexz, V. C. Goldizen, and C. S.
White, Lovelace Poundation

(11) PExogrss for the MCXL Blast Simulstor—S. L. Bugg, Naval Civil
Engineering Laboratory

(12) Pagtors ip the Design of Shock Tube Facilities--D. B. Singer,
Armour Mesearch Youndation
(13) Ihe Shock Chember—A Device for Producing High Strength, Spherically

BExpanding Shock Weves--Xenneth Ksplan and A. B. Willoughby, Broadview
Rasearch Corporation

(14) A Oge-Inch Force Cege for Ne in Shock -
¥illtiam G. Zuke, US Maval Ordnance Laboratory

A-4
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(15)

(16)

(7

(18)

(19)

(20)

(21)

Changes in Drag Caused by Shielding--George A. Coulter, Ballistic
Research Laboratories

A Comparison of Pressure Coefficlients Obtained in Wind Tunnels to
Shock Tube and Field Tests--Captain Marcus L. Whitfield, Armed
Forces Special Weapons Projects

Interaction of Blast Waves with Wings, Part I. Ten-Foot Diameter
Free Jct Shock Tube--Harold B. Pierce, NASA Langlev Research Center

Interaction of the Blast Wave with Wings, Part II. Wave-Table Studies

~-Donald R. McFarland, NASA Langley Research Center

Experiments and Theory on Explosive Decompression in the Six-Foot
Shock Chamber--T. H. Schiffman and A. H. Wiedermann, Armour Research
Foundation

Theory of Filling Process for Chambers; Shock Tube and Field Tests—-
A. H. Wiedermann, Armour Research Foundation

Diaphragm Calibration Techniques in a 2.00-inch Diameter Shock Tube--
George H. Tweney, Boeing Airplane Company

A5
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BWC-T¥-56-66 AD-358 T30
TEST PLAX PFOR PROJECT 3.4 OPERATION PILGRIM (PLUMBBOB)

33(616)-253k: Armour Resesrch Foundation ,

October 1956

S~-RD

This report outlines a test plan for Operation PILGRIM Project 3.k,
utilizing existing structures at the Nevads Test Site. The test plan includes
(1) response of drag-type buildings, (2) tests of concrete panels, {3) sir-
blast effects on underground structures, (L) interior lcading and response of
underground structures in che precursor region, (5) blast loading on interior
obstacles, (6) blast loading behind failing walls, and (7) miscellanecus items.

Note: This operation later became the full-scale atomic test PLUMBBOB.

SWC-TH-57-18 AD-h60 995
STUDY OF SHOCK ABSORBENT DEVICES
33(616)-253k: Armour Research Foundation

May 1957
U

Theoretical analyses carried out in this study showv it is possitle to
elimingcte reflections cf a plane flat-top tlast wave st the partially open
end of a shoeck tube. This is done by placing & grid at the tube end. Ares
ratio is the principal warisble defining reflected signal magnitude, grid
geometry and viscosity being of seccondary importance. Analysis predicts
reflected signal magnitude vhen a shock wvave is incident upon the grid at
the shock tube end.

Analysis further illustrates the effectiveness of the grid Im both
reducing and deleying the reflected signal from the shock tudbe end vhenever
& peaked shock wave is incident upom it.

The case of a grid in & constant ares cueanel {shock tube) is also
treated and the transmitted and reflected shock wave strengths are presented
(for air). Resulis are presented as & functiou of incident shock strength
and grid area rstio.

SWC-TH-57-27 AD-153 617
THE FEASIBILITY OF GENERATING YARIOUS DESIRED PRESSUKE WAVE FORMS 1IN SHOX
TURES THROUGH THE SUCCESSIVE IETONATION OF EXFPIOSIVE CHARCES

33(616)-2534: Armour Aesearch Poundstion

August 1958
u

This report presents snalysis of gas flov relaticoships behind an explosive-
g=nersted shock front sdvancing in & constant area chamnel. A 4ensity distrd-
butiou dehinéd the shock front of the ferm

B-1
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P oy k‘;) is assumed, vhere s is gas density at a distance r, from the

_ explosion source, and Pg is gas denaity at & shock front distance R, a&lso

measured from the cxplosion source. The exponent g is determined from physical

~ considerations. Applicaticn of primciples of conservation of mass, momentum,

and energy, together with an assumed density distribution, leads to a particle
velocity distribution, pressure wave form, znd shcik strength-scaled distance
decay curve. Valuves of fiow variables at the shock front are, of course,
determined by Rarkine-Hugoniot relatious.

Anslogous flow variable relationships are derived by an spproximate
method for the situstion shere several explosive charges are detonated
successively. By employing this analysis, charge weights, detonation time
deiays, &nd explosion source distances required to generate pressure wave
forma of various shapes can be calculated. Calculations are presented for
three particular veve forms, including nonpeaked and multiple-peske. cases.

Analysis shows, within the validity of assumptions made, it is possibdble
to generate desired pressure wave forms. This may be accompilished by detonat-
ing a seriss of charges of sppropriate size, at the proper times. Anelysis
2lgo telis the nize of charges needed und at vhat time each is to be dztorated,
in order tn generate predetermiced wave forms. Detailed specifications for
gepnerating three desired wave forms are presented in the report.

SWC-TH-57-32 | AD- 458 130
NET-FORCE SENSOR RESEARCH

33(616)-2457: American Machine and Foundry Company

April 1958

U

The objective of research reported herein was to produce werking models
of net-force sensors, and to deve ; the technology of their fabrication and
use. A net-force sensor is an instrument vhich measures net blast force om
an object as & function of time. It is used to study blast loading on objects
in the path of a blast wave,

On the basis of the research effort, the following conclusions were
reached:

(1) A centilever beam net-?orce sensor can be constructed to measure
transient force phenomena . & shock tube model. A sensor of this ‘type was
constructed vith a minimum of preliminary theoretical design analysis, and
vas used to measure force on a rectangular bar model in the shock tube,

(2) The SLM pressure gage, used as tbe sensing element, has outstanding
pessibilities for use in net-ferce sensor construction. It permitted construc-
tion of a rugged instrument vwhich gave accurate data. The SIM gage has a
hign degrece of sensitivity and a high natural frequency.

{3) The net-force sensor demonstrated certain inadequacies which have
to be corracted before it can be used as a practical instrument. The principal
dissdvantege vas excessive vidbration superimposed on force vs. time records.
This effect wvas reduced by stiffening the beam and using a +~iude filter at

‘B2
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the output. More retined cantilever beaxm design and filter analysis would
be degirable.

Another iradequacy in the sensor is the fact that the SiM gage is not
used in an optimum manner. A more refined design, which would bolance gage
output with cantilever beam stiffness, could substentially increase the sensor
naturel frequency. This would meke the sensor more useful in measuring tran-
sient phenomena and possibly reduce vibration problems.

{L) PFuture designs of net-force sensors should not be limited to the
cantilever beam ccncept. Sensors using multiple load-cell arrangements and
supports other than a cantilever beam should be considered.

Note: Ro fwither development of this type of net-force senscr was imdertaken.

SWC-TN-57-37 AD-153 637
CPERATION OF THE AIR FORCE SHOCK TUBE LABORATORY, GARY, INDIANA

33(616)-26kk: Armcur Research Foundation

October 1257

u

This report summarizes activities of the Armour Research Foundation in
operating the Air Force Shock Tube Laboratory at Gary, Indiana from 1 September
1956 to 30 September 1957. During that year, work was conducted on the
following programs: )

1-7 Alrblasst loading on oil storage tanks; mill buildings; block cylinders
and domes; building interiors; and successive bents

8 Instrumentation

9 Annular ring shock attenustors in tunnels
10 Response studies on miniature oil storage tenks
11 Tests of the BRL field "Q" gage

12 Explosive aircraft decompression

Vork on seven programs was performed entirely during the report pcriod.
Two final reports, one technical memorandum, and four preliminary reports
vere written for the Air Force as part of these programs. On two programs
final reports were issued for outaide agencies; raw data vere turned over to
outside agencies on two other programs.

In addition to routine laboratory maintenance, continuous effort vas
made to increase operating accuracy of instrumentation equipment, and to
design and construct bdetter pressure gages. These efforts were reasonadbly
successful. Improvements of the facility included s 94-foot extension of the
§-foot. shock tube, reorientation of the existing 6-foot $udbe in the opposite
direction to accommodate its extended length, installing and equipping an
additional building to be used as office space and to house the k-inch shock
tube used for gage calibration, and installing edditional equipment in and
remodeling the instrument room.

3-3
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SWC-TH-58-1 ’ AD-358 337
GEOLOGICAL AND GECPHYSICAL CONSIDERATIONS FOR ICBM LAUNCHIRG SITE SELECTION
In-house .

December 1957

(]

This study ciscusses desirable and undesirablz geolcgic characteristics
of sites for an wnderground, cylindrical shelter containing an ICBM. Soil
and rock properties are investigated regarding their capability to absord
and/or redistribute dynamic energy induced by nuclear explosions.

Oeneral recommendations presented in the report are as follows:

1., A ground vater table sbove the elevation of the missile platform is
undasirable.

2. The soil ccndition at ground surface should be firm enough to
support conatruction operations.

Unfavorable geologic eonditicns can be overcome during the comstructi...
phase, but to do 8o will decrease confidence in the adequacy of the structure,
and result in a considerable incresse in comstruction cost. Five geclogical
regimes are recommended in crder ¢f preference:

1. Sound, uniform, igneous, metamorphic, or sedimentary rock, 300 feet
or thicker, overlain by predominately sand or gravel soils 100 to 200 feet in
thickness.

2. Sound, wiforu, igneous, metamorphic, or sedimentary rock, 300 feet
or thicker outcropping at the site and for an appreciable distance around it.

3. Sound, uniform, igneous, metamorphic, or sedimentary rock, 300 feet
or thicker, overlain by more than 200 feet of predominately sand-gravel soils.

4. Deep sedimentary soil, sand-gravel, at least 500 feet in thickness.

. Deep gedimentary clays, silts, or shales, wvhich are thinly bedded or

intermixed and at least 500 feet in thickness.

Highly fractured non-uniform weak rocks of great thickness, water-filled
silts or clays, thinly bedded saturated shales, and solution-channeled lime-~
stone should all be aveided. In addition, the climate should be semi-arid
to arid, to avoid temporary major changes in ground water level.

SWC-Th-58-18 AD-L60 996 .
IRVESTIGATION OF WAVE PROPAGATION IN SEMI-SOLIDS

29(601)-465: Armour Research Foundction

March 1956

U

This research program had tvo main cbjectives: (a) further development
of experimental methods of dynamic photoelasticity and embedded zrids as &
means for studying vave propagstion phenomens in solids, and (b) development
of a method for studying the performance of pressure gages, embadded in a

B-b
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cpecimei and subjected to an lupact Lype of loading. The program vas a& coutiin-
uation of a previous research program, in which a Fastax camers in conjunction

with soft model materials was introduced as a means for studying vave propaga-

tion.

kA

During the ccurse of the program, a microflash method was developed for
recording photoelastic patterns and grid deformations simltaneously. A soft
photoelastic material (Hysol 8705) waz selected as the model mai-.rial and its
static end dynamic properties (physical and optical) were cnmpletely determined.
By using the photoelastic pattern, grid measurements, and material properties, ‘
it was possible to determine stress distribrtions resulting from impact-type )
loadings. As an indication of the procedure to dbe used, principal stresses .
along the vertical diameter cf a disk subject to dlametral compressive impact
loading vere determiaed.

il ik o

In another phase of the program, the Fastax camera vas used to study wave
propagetion phenomena in large plates subjected to air blast and explosive-~
type loadings. This series of tests clearly showed a shock tube can be used
in conjunction with photoelastic modeis for air blast studies. Fringe patterns
obtained were satisfactory for studying overall wave propagation phenomepa. 3
In regions where more detail was required than could be recorded on the 16-mm ;
Fastax film, a microflash unit gave suitable records.

Performance of barium titanate and diaphregm pressure gages embedded in
soil or soft rubber specimens and subjected to impact loadings wes studied,
using inmpact pendulums. In general the barium titanate gages recorded preesures
vhich compared favorably with independently determined pressures, when the
loading rate vas high. The dinphragm geges performed better wvhen the loading .
rates vere lov. : »

SWC-TN-58-23 AD-358 33k
GROUND MOTION INDUCED BY NUCLEA:' EXPLOSIONS--A STUDY OF FUNDAMENTAL PROBLEMS
29(601)-540: Stanford Research Institute

Novenber 1958

c

This report discusses analyticel and esxperimental spproaches to studying
dynamic soil behavior, particularly the response of soil and rock subjected
to nuclear airbursts and loadings vhich Lhis response will impose on duried
structures.

Three general areas of resesrch vere investigated: laborstory experiments SR J
to determine dynamic properties of soil and rock; scaled HE field experimasni.s; S
and mathematical theory of twvo-dimensional wvawve propagation.

Solution of the nonhomogeneous elastic problem was investigated, and
three-dimensional viscoelastic theory is discussed. TFeasibility of an electric’
netvork analog solution is shown to have considersble promise.
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SW-T3-58-25 AD-230 182
IRITIAL INVESTIGATION OF WAVE PROPAGATION IN LARGE SOIL MODELS

29(601)-~796: Armour Research Foundstion

Decenber 1958

i)

7
,
i
i
i
t
3

Preliminary shock tube tests were conducted to study pressures recorded
by barium titanate preasure sensors located in a moist clay sample with one
surface exposed to the pressure pulse of a transient air blast wave. Primacord
wvas used to gmnerate the dlast vave.

RN

o A cylindrical sample 15-3/4 inches in dismeter and 36 inches long, con-
P taining 15 gages st various distances from the loaded surface, vas subjected
I to blast cverpressures of 6.5, 10.5, 19.0, and 31.4 psi. Good records were

. ovtained from 13 gages on each of four shots. The compression wave exhibits
8 finite rise-time, increasing with depth up to a depth of roughly one diemeter,
g after vhich it remains roughly unchengcd. Time-of-arrival of the wvave front
f st a given depth was found to be independent of air blast overpressure, while
time-of-arrival of initial peak pressure decreases with en increase in over-
pressure, largely as a result of reflections of the compressicnal vave froa
the sides of the sample container.

Results indicate the shock tube is an effective device for loading large
soil samples (dimensions of the order of about 1.0 to 5.0 feet) with controllable
and reproducidle impact loading. PFurthermore, overall performance of a barium-
titanate pressure gage embedded in moist clay seems to dbe satisfactory. Marther
tests should be conducted on samples of this general type in relesigned con~
tainers.

SWC-T%~58-26 AD-230 311
AIR BLAST LOADING ON ARCEES AND DOMES

29(601)-T96: Armour Research Poundation

gcptcnbcr 1958

L Tests ware conducted on solid srches and domes in the Air Force 6-foot
‘ i shock tube in Gary, Indisna. Primacord high explosive wvas used to generste
s shocks ranging in sirengths from about 1.3 to 7.0. This resulted in doth

subsonic snd supersonic flow behind the shock froat.

, Tyo arches and four domes vere tested. The arches were sections of
‘eircular cylinders, vith central sngles of 120 and 180 degrees, oriented vith
flor norsal to the aris of the cylindrical surface. The domes were sections
of sphares, vith central angles of §0, 90, 110, snd 180 degrees.

o Point pressure meesurements were obtained at variocus points on the
- surface of esch structure. Flush-sounted ministure berium titanate pressure
' segsors were used to cdtain individual pressure-time records for each gage
poeition. |

| Pressure-tike curves are presented together with charts giving numerical
: values of essential quantities. These quantities are normsliszed pressure-time
values for critical points of the diffraction phase, and drag coefficiemt for

the pseudo-stesdy-state phasc. Profiles shoving variation of these quantities
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with angle of incidence in the vertical plane are presented for the arches.
Contour diagrams are utilized to express variation of these quantities over
the dome surfaces. Different curves with shock strength as & parameter are
shown vhen necessary.

SWC-T"-59-4 AD-k60 99T
SHOCX TUBE AIR VELOCITIES

33(616)-245T7: American Machine and Poundry Company

November 1958

U

The purpose of this experiment was to measure mass flov velocity behind
a shock front in a shock tube, by observing displacement of heated air bubbdles

created in the flow by spark discharges. The report contains the measurements
and following conclusions:

Data shov a general trend of increasing velocity behind the shock fromt.
Vhether or not the shock front velocity itself changed was not determined.
Data also indicate flow wvelocity is consistentiy higher than theoretical values.
Hovever, because the number of observations wvas small, snd because of a discrep-
ancy in determining the basis for theoretical calculations, comparisons vith
theory are inconclusive. Direct flov measuring, however, is practical, adapt-
able to shock tube study, and yields a graphic velocity-time history.

SWC-TN-59-8 AD-211 213
REVIEW OF THE LITERATURE PERTAINING TO THE BEHAVIOR AMND DESIGN OF EEP STRUC-
TURAL MEMBERS

29(601)-468: University of Illinois

June 1958

u

After a comprehensive litersture survey of the field of deep beams, 850
pertinent references wvere selected for presentation.

Roughly half of these pertain to reinforced concrete deep beam theory.
¥o conclusions were drawn although voluminous dats of failure mechanics were
obtained for diverse configurations of reinforcement. These data can be used
as a guide in organizing future testing.

Another group of references concentrates on moment-shear interaction in
medium-thick besms (1:6 ratio), from vhich ved reinforcemsnt information vas
odbtained. Unfurtumately, theories used in this group of reports were for an
uncracked, idsalized msterial. The big void in this particular phase is the
behavior of beams of real materials.

Ancther grouwp of reports reviews the responee of small beams of convap-
tional length-depth ratios to impact loading.

The last group of refersnces are papere on bdehavior of deep stenl members.
Consideradly more seems to be known adout moment-shear-plastic flow intersction
in steel. Laborstory check polats are neoded, however, to verify recent asa-
lytical studies.
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SWC-TE-59-11 AD-307 301
A SUMMARY OF REPORTS PRODUCED UNDER ARDC PROJECT 1080, PROTECTIVE CONSTRUCTINN
AWD TARGET VULNERABILITY, AND ITS PREDECESSORS

In-house

March 1959

Cc

The purpoee of this report is to summarize the vork of AFSWC Structures
Division, its predecessors, and contractors in research dealing vith nuclear
wespons effects on protective structures, in order that other interested agencies
2y be made cognizant of results obtained, and that closer coordination and
cooperation may dbe effected between them. Some vork mentioned vas performed
under tasks previously terminated.

Individusl contracts and pieces of work are grouped wider their respective
general fields of research, vith the exception of reports prepared under
Progran 3 of Operat. is GREENHOUSE, BUSTER-JANGLE, and UPSHOT-KNOTHOLE, snd
miscellaneous reports prepared under ad hoc contracts. These latter reports
have been grouped in separate chapters.

SHC-TH-59-1k . AD-216 T16
*IMPROVEMENT IN THE CAPABILITIES OF THE AL PORCE 6-POOT SHOCK TUBE BY SEVERAL
ORDERS OF MAGNITUIR

In-house

May 1959

8-RD

A nev way of arranging primscord strands (the shock-producing agent) in
the Air Yorce 6-foot shock tube has increased the capability of the laborstory
to0 produce clean shocks equal to those observed in detonations of nuclear
veapons. The o0ld arrangement furnished clean shocks equal to those produced
by 1/8-XT explosions up to TO-psi overpressure. The newv arrangement gives
shocks in the test section equail to those produced by 5-KT detonations up to
100-psi peak pressure with the tube ends closed.

The report shows how to obdtain a shock in a similar, dut mmech improved
tube, vhich reproduces the clean dlast vave conditions of megaton detonations
uwp to MO-psi peak overpressure.

SWC- 15 -60-20 AD-257T 991
A GLOBSARY OF GROPLOSICS: THE SYSTEMATIC STUDY OF EXPLOCION EFFECYS IN THE
EARTY

29(601)-1948: Btanford Mesearch Institute

July 1969

v

Oroving interest in ground motion, design of undergromnd protective
structures, earth moving, and predicticns for field experiments requires
engineers and scientists to de familiar with the language of geoploaics, its
theories and phenomena. This glossary attempts to provide, wvithin a single
cover, & reservoir of that special language.
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Terms and their d~finitions have been selected to include not only the
dynamic aspect of ground motion (acceleration, velocity, and displacement)
but also the permanent effects of that motion (craters, residusl strain, and
permanent, displacement). Also included are terms from related fields, such
a3 seismology, vhich msy not now be in widespread use but wvhich are likely to
be used more cften as ground motion research increases.

Many vords contained hereir already have standard mesanings in other con-
texts and are applied to ground motion with their usual meanings intact.
Some hawn: a definition in one field and have taken on a different mesniag vhen
&pplizd to ground motion; and others, as standard terms in this field, have
had their meanings brought up to date. B8till others, in the interest of
unambiguous communication, are coined to describe heretofore unnamed phenomena.

SWC-TX-60-30 AD-603 675
ATTENUATION OF STRESS WAVES IN BILINEAR MATERIALS

29(601)-2855: Panl Weidlinger and Associates

October 1960

4]

Attenuation of plane stress vaves in a bilinear medium, generated dy a
decaying surface pressure pulse, is studied to obtain an approximate solution
vhen the medium has a stress strain disgram with positive curvature. Wave
equations are derived, and beyond a given distance from the surface the
intensity of peak stress and peak particle velocity is found to depend on a
single parsmeter. This result is helpful in establishing the physical charac-
teristics of granular soils vhich control their dynamic behavior under high-
intensity nuclear surface dblast pressures.

SWC-TN-60-36 AD-251 A78
DESIGH AND ANALYSIS OF FOUNDATIONS FOR PROTRCIVE STRUCTURES

29(601)-2561: Armour Research Poundation

September 1960

1]

The behavior of footings subjected to tims-dependent forces has Leen the
subject of contipuing resesrch. Ultimate bearing capacity under such loading
conditions and dynamic dehavior beyond ultimate capacity are doth of interest.
An attempt has been msde in this investigation to relate laboratory experiments
to theoretical studies.

Twvo- and three-dimensional experiments vere conducted on small footings
in the laboratory to observe their dehsvior and cdtair quantitstive informstiom.
A device was dsveloped for applying dynamic forces to small footings. This
relatively simple device msde possidble application of loads having various riee
times, decays, and durstions. Porce-time and displacement-time records were
odbtained in forms suitalble for analysis, and Fastax movies of foolings failing
under dynanic loads wesw &lsc teken.

Bebavior of fooiings sudjected to dynamic loads vas also studied analyt-
ically. The possibility of spplying plasticity theory or limit snalysis vas
considered, and other loadings and variow failure modes were investigsted.
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sWC-T 60-39 AD-2k8 576
ANl EXPERIMENT ON BOILS LOADED DYNAMICALLY BY A SHOCK TUBE

In-howse

December 1960

1]

The Air Force 6-foot shock tube vas used to pass air shocks across the
upper surface of different soil samples having controlled properties. GCages
vere duried in the samples or mounted on the sample container supports. The
tests were intended to develop into an experimental study of energy trans-
mission in soil samples of different types, Zirst by investigating experimental
difficulties common to such tests. The apparatus and procedures are described,
and dats from a fev tests are presented. Compaction observed in samples is
descridbed, and certain preliminary results are qualitatively discussed,
including shock transmission in sample pores, velocities and attenuation of
transmitted waves, and the extent to vhich differences in sample properties
vere reflected in various measurements.

SWC-TH-61-6 AD-253 880
A THEORETICAL STUDY OF STRUCTURE-MEDIUM INTERACTION

29(601)-2838: National Engineering Science Company

Novenber 1960

U

This report presents results of an analytic study of the interaction of
a plane longitudinal stress vave wvith a thin cylindrical shell, embedded in
an infinite elastic medium. In contrast to previous studies of this type,
the shell is neither infinitely rigid nor infinitely thin (cavity) but 1s
given finite dimensions (vith the assumption of thin shell geometry), finite
density and elastic properties differing in general from those of the medium.
Both steady-state and impulsive vaves are considered. Por the steady-state
case, a general series solution is presented, for arditrary properties of
medium and shell. A procedure is outlined for obtaining transient (pulse)
solutions from steady-state solutions. Application of the Laplace transform
method is outlined and certain formal results obtained; for s cylindrical
cavity an spproximation valid for a slovly varying vave is given explicity.
A mathod for calculating Pourier-Mellin inversion integrals is outlined smnd
should be of sssistance in obtaining numerical solutions to specific transiest
prodless by applying sutometic computing techniques.

SVC-T8-61-7 AD-253 057
BASIC INTERACTION CONESIDERATIONS--DYNANIC STRESS CONCENTRATIONS AROUND UNLINED
OPENINGS '

In-houvse

Pebruary 1961

1]

Two recently published theoretical studies discussing tvo-dimsnsional
interaction in an elastic medium detveez a plane stress vave end s circular
bole are compared to a classic static solution end & newly published experi-
mmtel solution. These solutions were obtained independmtly end are in
exosllent agreement, within their renge of applicedility. T two theoretical
solutions predict an increese over static stress concentratior. of spproximstely

B-10




J N TR L

9 percent. The experimental study measured an average increase of 11.k percent.
Maximum hoop stresses occur within 4 to 5 transit times and iLhen approach
computed static values. Until more experimental and theoretical studies can

be applied to real materials, it should be possible tc use these extremely
sixplified solutions as a first approximation vhen designing unlined cavities
in competent rock to vithstand stress vaves from s nuclear weapon detonatiom.

SWC-TM-61-1h AD-261 566
DESIGH AND ANALYSIS OF FOUNDATIONS FOR PROTECTIVE STRUCTURES

29(601)-2561: Armour Research Poundation

September 1960

U

The behavior of footings subjected to time-dependert forces has been the
subject of continuing research. Approaches to this research have been both
theoretical and experimental. This interim report presents experimental
results and compares them vith theoretical results.

Tvo~ and three-dimensional footings on Ottawa sand vere ioaded dynamically,
using the loading aspparatus and instrumentation developed for this program.
The two-dimensional experiments permitted observatioc of footing dehavior on
loose and dense sand, vhen subjected to vertical, inclined, and eccentric
dynamic loads. ‘the thrre-dimensional experiments provided force-ti.e and
displacement-time records of footing behavior on dense sand for vertical loads.

The experimental results shov the theories developed previously om this
prograa to be unsatisfactory. They also indicate the direction to bde taken
in future theoretical research.

SwC-TH-61-16 AD-261 959
TESTS ON ATIAS BLAST VALVES

29(601)-T9u: Armour Research Poumdation

April 1961

u

This report pre-ents results of performance tests on the 16-inch sand
h2-inch W8-10TA-1 (Atlas) Silo Rlast Closure Valves. The tests vere intended
to simlate actual conditions to vhiah the closures would De subjected during
pormal opersticn. The closures were subjacted to alir dlast loading, prolonged
cold and hot environments, and repested use {cycling).

The 16-inch closures rcacted sstisfactorily to all performsnce tests
except the cold envircnments. They were sudbjected to an air blest loading of
120 percent of the smticipated maximm design dlast load vithout fallure. The
closure tempersture ves raised to 200°F and beld for T2 hours; it opersted
satisfactorily aftervard. The closures were also repestadly opersted through
1,500 cycles vithout failing. During the ¢0ld environment experimmmts, pressure
lesks in the closures’' hydranlic system developed st spproximstely 0°7. These
pressure leaks resulted from shrinkage of Tellom seals.

The A2-iach closures failed every tast except the hot envircament tests.

The tempersture of the A2-inch closures ves raised to IU°F before aay fellures
occurred. Pressure lesaks in the hydrmmiic system occurred vhenm the closures
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SWC-TR-56-U6 AD-1k4 146
TRAKSIENT DRAG AND ITS EFFECT QN STRUCTURES

33(616)-2285: American Machine and Foundry Company

November 1956

c

This report presents results of a study of drag forces on typical
structural sections not found in the “‘terature. The influence of sectiom
parameters, principally corner radius, have aiso been exarined, as have the
effect of interference obstacles and inclusion of the item in a structural
complex. The flow of gas in the so-called stesdy st.ie portion of shock tube
flow was also examined to some extent.

There is basic informstion in this report for further test work necessary
to sclve the ideal wvave transient drag loading problem. No definite conclu-
sions ave given; hovever, recommendations for future transient drsg vork are
included. '

SWC-TR-56-4" AD-118 359
A NECHOD FOR THE ANALY>IS OF FRAMES SUBJECTED TO INEIASTIC DEFORMATION INTO
TH. RARGE OF STRAIN YARDEWING.

33(616)-170: University or Illinois

Noveab~r 1956

U

v e e

This report r.esents a metiod for determining the static resistance of
frame siru~tures camposed of elements having individual resistance-deformation
characteristics of auy mcnotonically increasing form that can be describdbed
graphically. The method is useful in research aud is the only one sveilable
for apalyzing the static behavior of frames in the sirain hardening renge.

A sigplified procedure Cfor snalyzing inlependent frames, using soment
distribution with bilinear spproximations to the aoment-end slope relatiom-
ships, is presented in the appendix.

SWC-TR-56-48 AD-13k TOO
AIR BLAST LOADING ON STRUCTURES

33(616)-226: Stamiford Research lastitute

August 1956

¢

The main objective of the Alr Yoree espiriral blast study program vas
to davelop s techiique for predicting airblast pressure losding on targetas
exposed tc puclewr explosicas. This report discusses a series of tasts om
cudical aad cylindrical 3odels subjected to airhlast lceding from high explo-
sive airburst detonctions.

Datas are analyzed to study repestability, effect of shock strength, and
effect of cylinder height. Results are compared vith dsta from shock tube
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loading tests, and full-scale nuclear tests., They indicate that design of
satisfactory net force measuring devices (particularly for model studiea) re-
quires better use of materials and transducers thau wvas previously posesible.

8WC-TR-5T~1

TWO- AND THREE-DIMENSICHAL SHOCK TUBE LOADING STUDIES ON MODELS OF OPERATION
XNOTHOLE PROGRAM 3; YOLUME II, APPENDIX 2, COMPARISON OF FIELD AND SHOCK TUBE
KECORDS

33(616)-2540: Armour Research Foundatiom

Volure I -~ August 1953 == S AD~360 105
Volume II — August 1956 -~ S AD-360 111

The cbjective of this program was $o obtain a better correlation between
blast loading dsts obtained from Operation KFOTHOLE Program 3, and scaled shock
tube models of the test structures. The teat ctructures were solid rectangular
parallelepipeds, horizontal cylinders, and vertical cylinders. Volume I com-
pares pressure-time records and related data from Operation KNOTHOLE Program 3
with those from scaled models of the same structures tested in a shock tube.

The model testing was done in the Air Force 2-foot-diameter shock tube at Gary,
Indiana. Volume IJ presents graphs comparing field test and shock tube records.

SWC-TR-57-9 AD-302 0S0
EFFECTS OF TOPOGRAPHY CON SHOCK WAVES IN AIR

33(616)-160: Broadviev Research and Development

August 1956

c

This final renort does not attempt & complete description of the L years
of research conducted under this comtract, since it has already been published
in & series of Intexim Revoris (enumersted in appendix A of the final report).
Instead, the primary aims of this r-mort are (1) to briefly summarize im-
portant results, and (2) to suggesu methods for employing them. The report
covers pressures up to sbout 30-psi peak incident pressure.

Experimental measurements were made ~f the variution in shock over-
pressure near the earth's surface, due to the natural topography. Shock wave
overpressures from miniature high explosive charges were recorded es a function
of time, using gages imbedded in threc-dimensicnal topographic models.

A procedure for predicting effects of topography on shock waves in air is
presented. ,
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SWC-TR-57-21 AD-14k 532
SLOW AND RAPID LATERAL IOADING TESTS OF SIMPLY SUPPORTED BEAMS AND BEAM-
COLUMNS

33(616)~170: University of Iilinois

June 1957

]

The twvo major purpoess of the program desccibed in this report were to
determize experimentally the resigtance of several beams and besg-colusns
to inelastic deformations as & funciion of loading rate; and to correlate
these resistances with static and Gyusmic properties of the materials used.

™e results indicate that beyond the static elastic iimit, resistanmce of
a mild steel beam or beam-column to rxapidly applierd lsters) displacement ex-
cerda thet corresponding Lo the sams latersi displacement applied sicwly. Also,
the increase in resistance of a beam with incressing vate of lateral deforzatica
can de explainsd, withiz rezsomable limits not greatly excieding sxperimentel
error, by consideration of experimenially determined dynamic propertlas of the
material used, which include dslayed yielding and rate of gesercl yigliding for
mild steel.

SWC-~-TR-5T-22 AD-14b 533
60-KIP CAPACITY SLOW OR RAPID LOADING APPARATUS

33(616)~170: University of Illinois

June 1957

U

To test structures or structursal coumponeats in the laboratory it was
aeceesary to design and construct a machine to provide the required load and
stroke. Operating and loading characteristics of three such machines are
desc- :ed in this report.

The 60-kip pulse loading machines described in this report have been used
successfully to test both steel and reiplorced concrete beams exi to apply
lateral loadings to steel columms. They have alsc been used to study becam-to-
column connections and to study simple column base connections. In ell tests
the specimen either collapscd or vas deflected well into the atrain hardening
range.

A load having any selected value up to 62.8 kips can be applied at a

controlled rate in either tension or compression. The duration of the peak
load can be varied from as little as 0.008 second to many hours.
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SWC-TR-57-23 AD-1kk 53h

STATIC AND DYNAMIC TESTS OF STEEL FRAME STRUCTURES INTO THE INELASTIC RANGE OF

- DEFPORMATI M

oo 33(616)-17C: University of Iilinois

’f" 1957 .
i

The experimental and analytical program conducted at the University of
Iilincis under Contract AF 33(626)-170 is summarized in this final report. The
basic purpose of the program was to obtein basic informetion concerrning the
behavior of stee! otructural fremes and elements, subjected to static and
I Srnemic loading resulting in extensive inelastir deformations. Each phase of
S the project and major conclusions reached are Gescribad briefly. Abstracts

. of each technical report produced are given in one appendix and & tabulated
sumsary of tests performed is presented ir another.

The conclusions presented in the report are listed below: !

1. Acvual resistance of & mild steel structural element to an imposed ;
inslastic deformation increases with rete of deformation and is also dependent |
| upon the duration of load. :

2. In most specimens in which loeal inelastic buckiing occurred, it vas :
less pronounced in rapid tests than in slow ones, indicating the effectiveness 1
of bean sections is incressed with repidity of deformation.

3. The presence of an axial load decreases the ability of a member to
resist lateral load, but does not appreciably affect the total resistance of
a member to aa externel moment, except in the limited renge of deformation
immedistely following initial yielding.

| b, The effect of shear om the moment capacity of an 6 WF 58 section

loadsd lateraliy and slowly in the plane of the major axis was found to be

negligible, even for a beam having an equivalent cantilever spa:. to depth ratio |
&8 lov as 2. However, in a region of constant shear but gradisnt woment, the |
development of a general shear yielding condition in the wedb caused deflections

considerably greater than those which resulted from concentrated yleiding pri- ;
marily caused by moment. 1

5. In most of the structural elements and models tested, the initial
"elastic" region of the resistance-deflection relationsuip had e slope less
than that derived using elementary theory and assuming ideal support conditicas.

6. A static resistanca-deflection function for a simple structural
element or a reiatively simple structure can be determined with good accuracy
by using approximete strain-deflection reistions, then computing resistance on .
the basis of known static stress-strain characteristics of the material in-
volved.

T. For research studies requiring good accuracy, an equivalent resistance-
deflection function for reletively simple structures subjected to rapid
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deformation can be determined in a manner simlilar to that mentioned above,
using dynamic material properties. The equivalent resistance is computed using
instantaneous material stressee at critical sections, vhich are compatible

with strains, strain rates, and times involved. The total resistance (which
does not include inertia forces) is sctuslly a function of time as well es
displacement, and therefore is strictly valid only for the particular case con-
sidered, or for others with a very similar loading function and structural L
configuratioa. . «

8. Since the effect of delayed yielding is probably important only for
short duration impulse loads, and the general yielding resistance of mild steel
is relatively insensitive to changes »r strain rste within one or two orders
of magnitude, suitahle accuracy can be cbtained in most practical problems
(vhere the dynamic loading function is seldom known with great accuracy) simply
by increasing the static inelastic resistance of the structure io accordance
with the estimated strain rates st critical locations in the structure.

G. Methods wers developed for analyzing indeterminate frame structures :
deformed inelsstically. In these procedures the resisting moments throughout
the siructure, corresponaing to a compatible deflection coafiguration, are de-~ A
termired. These methods are illustrated by solution of "static" problems.
Hovever, with slight change they could be used in a step-by-step solution of
problems involving structural responae under rapid loading, particularly if a
high-speed digital computer wvere available.

19. The analytical procedurss developed under this prograw vere intended
for use in research applicationt. However, they should be useful in planning
test programs, evaluating experimental results, and alsc determining the
relative accuracy of simpler methods more suitable for design and routine
analysis. !

SWC-TR-5T-29 AD-1kk 535
BLAST SHIELDING IN COMPLEXES

33(616)~-3778: Broadview Research Corporation

August 1958

u

Tais repoxrt presents results of an experimental investigation of the
shielding effects of city complexes cn blast loading of structures boith withia :
the complex and in the ragicn surrounding the complex. j

Small scale mcdels of idealized city building complexes were exposed to
small high exglosive charges (simulating veapous of about 140-KT yieid) to |
measure building loading and shock wave charscteriatics et various points ia
and around the models. {

For the test conditions investigated, .t vas found that shielding effects
of the city complex wsre limited to the complex and a small adjacent area. At
relatively small distsnces behind the complex the shock waves shoved virtually
complete recovery. Within the complex, however, siguificant chenges in loaling
vere reasured vhen the spacing between siructures vas comparable to or less thaa
the structure height.
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This study vas undertaken because vity complexes are considered prime
targets of both friendly and enemy forces, and because until this study at-
tention had been focused on blast loading of single structures, with, at most,
one shielding structure, with little regard for the influence of additional
buildings.

8WC-TR-57~32 AD-157 167
PROCEDURES AND SPECIFICATIONS FOR EXPERIMENTAL DETERMINATION OF LOAD-
DEFYLECTION CRARACTERISTICS OF FULL-SCALE BUILDINGS

29(601)-467: University of Michigan

April 1958

U

During construction of a nev highvay or building, it is sometimes recessary
to destray existing buildings. With cooperation of proper authorities these
buildings may be made available for full-scale static and dynamic testing. In
the event structures and funds do become avreilable, it is desirable that &
general guide for plenning and executing the tests pe available, in the form of
speciiications and test procedures.

This report outlines procedures for conducting static and dynamic tests
on full-scale structures. Buildings considered for testing are of steel or
reinforced concrete constructicn, either single-story industrial structures or
3~5 story commercial structures. The report includes specifications covering
selection, inspection, and modification uf the test structures; discussions of
vibration, shock, pulldown, and story shear tests; and descriptions or loading
methods, instrumentation, and recording. Estimated costs for varicus major
test equipment items, for both static and dynamic tests, are tsbulated in an

apyendix,

SWC-TR-5T-45 AD-u62 212
THE RESPOMSE QOF TYER BUILDINGS TO BLAST LOADS

29(601)~k67: University of Michigan

Mey 1958

4

This report discusses the development of relatively simple analytical
techniques for predicting vhether multi-story duildings cen vithstend dlast
loads. The scope vas confined to steel-frame duildings, and tke component of
load dus to vertical blast pressure vas ignored.

In developing the procedures, properties of the structure snd the blast
load are apyproximsted mathematically. Determining structural response then
iavolves integreting s system of nonlinear differential equations, using a
high-spesd digital computer. To further asimplify the procedure, an equivalent
single-degree-of-freedom systss {3 proposed, vhich is derived from properties
of the structure and has a response comparsble to thet of the mlti-degree-of-
freedon systen. Integrating the equation of mction for this equivelent system
is & sixple numerical integration prodlem vhich can de solved rapidly vith a
desk calculator.
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To correlate the multi-degree-of-freedom and single-degree-of-freedom
approaches, a series of buildings representative of modern office buildings
is analyzed as both multi-dearee and single-degree-of-freedom systems. The
results of these analyses are presented in chart form, relating parameters of
blast overpressure, weapon yield, building height, and initial impulse.

SWC-TR-58-5 AD-14k 531 "
AN INVESTIGATION OF RIVETED AND BOLTED COLUMN-BASE AND BEAM-TO-COLUMN :
CONNECTIONS UNDER SLOW AND RAPID LOADIRG
33(616)-3780: University of Iliinois
February 1958

U

This report contains a description of slow and rapid load tests of riveted
and bolted column-~base and beam-to-column connections, and the teat results.
Measurements of load, deflection, strain, and acceleration wvere taken to evalu-
ate the resistance characteristics of the comnectioas.

The small number of specimens and varlety of cconection types limited the
scope of the investigation. The tesis clearly indicated that rate of deforma-
tion hed an effect on connection resistance, because rapidly deformed specimens
had a greater resistance at a given deflection than those tested slowly., 1In
these tests the type of fastener, vhether rivet or high strength boit, had
little effect on the mcment-rotation characteristics of the comnections studied.
This limited pilot study served only to indicate the general form of the re-
sistance function which could be expected for comnections of the type tested.

Also presented is a procedure for evaluating the resistance of a frame
having semi-rigid connections, as it deforss into the inelastic range. The
method of analysis ccnsiders the resistance characteristics ol the connection,
as wvell as of the members. The method is of particular use in research, since
strain hardening is included.

SWC-TR-58-23 AD-358 T39
FEASIBILITY STUDY OF AN ABOVE -GROUND HARDENED HANGAR

In-house

June 1958

8

An initial concept for s practical and economical protective aireraft
shelter {s presented. The hangar cost is anly a fraction of the cost of the
aircraft vhich it shields. Further cngineering research is necessary before
final design can be undertaksa,
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SWC-TR-58-28 AD-30k 625
PROTXCTIVE ARCH STRUCTURES

29(601)-46T: University of Michigan

March 1958

8

Arch structures are proposed to protect aircraft against nuclear attack.
Earth covered structures employing arch coastruction have been designed to
protect aircraft from the destructive effects of nuclear weapons. Approximate
cost estimates, based on section requirements for major structural components,
vere cbtained for various structures. Approximate methods were used to obtain
estimates of the structural requirements. The limited amount of information
available on losding in the high overpressure regions, and the complex nature
of the structure necessitated introduction of several simplifying asswmptions
concerning blast loading and response. Details of the designs were not worked
out, and many assumptions employed still need further justificatiom.

SWC-TR-58-k8 AD-460 787
DESIGE AND DEVELOPMENT OF A EET PORCE SENSOR
29(601)-k31: Atlantic Research Corporation
Oztober 1958
U

The objective of this study vas to design and construct a prototype device
to measure the ssrodynamic forces on a model structure installed through the
floor plsle of the Air Porce T-inch-diameter shock tube at Gary, Indiana. Design
concepts and davelopment stetus of the devica are described in the report.

The study revealed no fundamental tachnical reasons for abandoning the
design spprouch descridbed in the report, although sigaificant cdditional de-
velopsant vas neaded to produce a device having all the desired ¢haracteristics.
In particular, soms msans vas required to increase trsnsducer load capacity, and
8 closer impedance match between model and support was nceded.

8WC-TR-58-49 AD-358 761
DOGRS AND ACCESS OPEMINGS TO PROTRCTIVE STRUCTURES

29(601)~k6T: University of Michigen

October 1958

c

Preliminary investigationa of door-system requirements for dome, arch,
silo-type, and rectanguiar protective structures for aircraft are described.
S8tructural analysis.desiga, door removal systems, door cccnomy, and ccatinuity
consections betveen the main structures and door are considered. Each of these
items is only touched won and much vork still remains before definite conclu-
sions can be reached. Proposed future vork on the above-mentioned ivemm ig
outlined.
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SWC-TR-59-2 AD-306 645
PROTECTIVE CONSTRUCTION (3 Parts)

33(616)-2522: American Machine and Foundry Company

December 1958

s

This report presents results of an investigation of the design of
protective structures, capable of accomavdating one or more long-span aircraft,
for overpreasure levels up to 100 psi. Detailed investigations of dome and
arch structures are presented. Blast pressures, thermal and ionizing radiatiom
effects, and relative economy of comstruction were considered.

Conclusions reached provide guidance in the selection of a structural
configuration to protect a specific weapon system at a given pressure level.
A susmary of the preliminary results of full-scale field tests of domes con-
ducted in Operation PLUMBBCB is included.

SWC-TR-59-3

CROSS-REFERENCED LISTING OF EXPERIMENTAL DATA ON THE BLAST LCADING OF
STRUCTURES

33{616)-2534: Armour Research Foundstion

May 1958

c

Volume I AD-329 6T1
Volume II AD-329 682
Volume IIX AD-329 68k
Volume IV AD 329 683

A bidbliography and cross-index file of data dealing with pressure~time
blast measurements on model structures is presented. Included are nuclear,
high explosive, and shock tube test reports.

Data have been abstracted and filed. PFor each case¢ treated, values of
critical parameters in the following groups are given: (1) hlast paramsters,
(2) model parameters, (3) scale size, (4) instrumentation, (5) test results,
(6) sgencies involved, and (7) publications availsble. BEach case trested is
assigned a case number and filed according to the program from vhich it vas
derived. In addition, each case has been assigned sn address. The address is
e code consisting of letters and numbers and is defined in terms of the model
shape and orientation, locatiom of the instrumentation, dlast vave parsmsters
such as the vave peakedness, shock streagth, and reflectiom type (Mach, regular,
etc.); and type of test (auclear, high explosive, and shock tubde).

The bibliography comsists of tvo main portions, (1) Tert, emd (2) Cstalog.
The Catalog is sudbdivided into three parts, namely: Part 1, Address File; Part
2, Data Sheets; and Part 3, Notes and Beferences. The Text and Parts 1 and 3 of
the Catalog is presented in Volumes XI, IXI, and IV, which contain Data Sheets
for nuclear, high explosive, and shock tude tests respectively.

Utilizing this system of addrecses together vith the data sheets, ooe
can detarmine the existence and wheresbouts of certain data, knowing ocoly the
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range in the type of variables described above. Furthermore, specific features
of the blast vave, mode]l, and instrumentaticn used can be determined directly
from the data sheets.

SNC-TR-59-9

ANALYSIS AND DESIGN OF DOMES, ARCHES AND SHELLS

Yolume I ~- ELASTIC ANALYSIS OF SPHERICAL DOMES AD-210 924
Volume II — ANALYSIS OF CIRCULAR ARCHES AD-
29(601)-k6k: Uuirersity of Illinois

g\ﬂl 1959

Part 1 of Volume I presenis a numerical procedure for cowputing the
dynsuic response of & spherical shell subjected to transient uniform pressure,
This procedure employs & discrete mschanisa which replaces the continuous shell,
having both bending and membrane resistance and large deformatico effects. A
numerical procedure is developed for obtaining the dynamic response of the
mschanisa, and a code programsed vhich performs the analysis on a digital com-
puter. The program flov diagram is presented in a form enabling an experienced
programmr to convert the code to any type of computing facility. Using the
computer program, the effects of variation of certain parameters wvere investi-
gated. Significent results and conclusions are presented. Those conclusions
vhich can be stated in a geveral form are listed below.

1. Maiimm axial and bending stresses are linear functions of the ratio
of radius to thickness.

2. Maximm displacements and stresses are also linear functions of the
ratio of radius to the square of the thickness, before the first maximum; after
that time, hovever, apparent nonlinearity davelops.

3. Increasing the semi-sngle of opening from 30° to 45° causes no
sigaificant effect.

bk, Strcsszes and deflections increase vith decressing ratio of shell
period to pulse duratiom.

rart 2 of Yolume I discusses the apslysis of a discrete framevork spproxi-
mation t0 & mambrans spherical shell. Eguivalent bar sress are dsrived on
the basis of squivalent stiffoeas under i{dentical loading. The natural
nodes of the framswork are found, and the response of the framsvork to trisngular
vlast loadir~ i3 obtairsd by linear swperpositiam of normil modes. Time histor-
ies cf displacements are converted to time histories of bar forces, vhich are
then combined to yleld stresses in the equivalent sheli. A short digital com-
puter program Vas written to combine modes and compute shell stiresses.

Part 3 of Volume ] presents a mathematically exact snalysis of the free
vidration of an elastic membrans spherical dome of arbitrary rudius, material,
and total opening sngle. Expressions involving trigonometric and Legendre
functions are derived for displacemsnts and stresses during vibration. A table
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of natural frequencies of vibration for variocus values of shell opening angle
is given. Displacement vectors for the first five modes of symmetricel vi-
bration of a hemispherical dome alsc are tabulated.

Volume II discusses the analysis of arch structures under dynamic loads.
A numerical procedure ls described for camputing the dynamic response of
circular arches subjected to transient forces for both the elsstic range and
the range approaching failure. The probliem is analyzed spproximately by re-~
placing the continuous sarch vith a framevork consisting of rigid bars and flexi- f
ble Joints.

The scope of this investigation is described briefly in Chepter 1.
Characteristics of the substitute framevork are dascribed in Chapter 2. In
Chapter 3 equation  necessary for dyaamic response cslculations are derived,
and an outline is given of the procedure for their solution. Chapter b
presents results of studies on computing ne‘ural frequencies and buckling losds
of uniform circular arches. Pertinent equations are formulsted, and numerical
solutions obtained for arches vith fixed dimensions, by considering differeamt
numbers of bars in the analogous framevork. These solutions are determined to
estimate the sccuracy of the substitute framework. Included in Chapter 5 for
convenience, is a summary of existing forsulae for spproximate calculstion of
natural frequencies and buckling loads of wniform, circular arches vith hinged
or fixed eads.

SWC-TR-59-10 AD-331 396
U A METHOD OF ANPLIFICATION OF THE DYNANIC STRENGTH OF STRUCTURES
18(600)-1638: Paul Weidiinger, Consulting Engineer

October 1958

S

This report presents a dynamic device capeble of significantly incressing
the dynamic strength of atructures sublected to very high intensity uuclear
blasts. Strength amplification is obtained by providing a large movable mass
over the structure to be protected. Under blast loading the moss descends and
exerts a pressure of predetermined durstion and intensity on the ztructure.
This pressure is significantly less than the intensity of the peak blast
pressure. The motiun of the protecting mass is retarded by forces provided by
the dlast preasure itself.

Analytical methods are presented govermning the mechenical and thermo-

dmanic respouse of the device. Various applications to shelters are shown and
s nimerical example of the design of a particular sheltar is presentad.
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SWC-TR-59-16
BURPACE EFFECTS ON BLAST LOADING
33(616)-3218: Armour Research Foundstion

May 1958

8-RD

Volume II AD-323 560
Yolums III AD-323 610

This report descrides the propagation of a blast wave from a nuclear
explosion and the presudures occurring over ideal and real reflecting surfaces.
In separste sections, the folloving subjects are discussed: propagation of a
blast wvave in free air, thermal radiation of an atomic vespon, reflection
process of a blast vave from an idesl surface, influence of mechanical effects
on reflection of & blast wave, and effects of atmospheric iphomogeneities on
shock vave propagation. The results are summarized in a chaptar vhere schemes
for dsscribing blast vaves reflected over real surfaces are presented. A
number of specific conclusions are also presented.

The IBN Problem N solution for the free air pressure curve accurstely
represents the hydrodynamic varisbles st the shock froot. The soluticn can be
used o8 a standard against vhich test data are comparei.

T™he thermal radistion output of a nuclear wespon is investigated., Many
charecteristics of the thermal output can bde explained theoretically, and it
is posaidbie to consider gcaling laws for thermal radiation. Thermal radistion
doss not zcals in s siwple manner, and variations in thermal pulse shape are
to be expected witk variations in dambd yileld.

The reflection of san air dlast vave process from an idssl surface is
considered. Height-of-burst curves are extended to higher overpressure
regions and larger values of ground range. The reflecsted vave forms obtained
in regions of clean sbock propagstion are found to have an exponential charscter,
as 40 free «ir curves. The reflection process causes ithe vavwe to have severzl
plece-wvise exponential segments, each vith different decay ca  wts. An
experimsntal device ves dsveloped to measwre Nech stem growth, and results vere
in sgreemsnt vith field test messurements.

Height-of-dburst curves have deen determined for varying sacumts of dust
lvading present in the alr. Machenical effects are not much different from
present predictions, even vhen extremsly high vilues of dust loading are as-
sumed.

Propegation of blast vaves in the presence of therwal sad sechmnical
effects have been investigated. Theoretical predictions of theramal shock agree
roughly vith measured values. Mflacted pressures in the amin blest vave agree
wvith {dral surface conditions, vhen mechanical effects vhich tend to attenuste
the peaks are smoothed from the records, except for one region in the precursor
propegation. There mechanical effects dominate the pressures. A beavy boumdary
lagyer is belie™sd to obscure the meaning of meacuremscts taken sear the ground
surface.
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Yariations in stmospheric density cen csause sppreciable variations iu
presaure for & blast wave in free ais. A theoretical method has been used to
compute these inhomogeneous effects, and glves results vhich agres vith experi-
mental data.

A method for predicting wave forms to be expected over real surfaces is
summarized. Although it suffers from many inaccuracies, the meihod does present
s reasonably coherent technique. Refinement of the technique may ultimrtely
lead to a realistic method for predicting blast waves ir msay differenr. situstioms.

SWC-TR-59-18- AD-L62 213
AN INVESTIGATION OF THE BFHAVIOR OF DEEP MEMBERS CQF REINYORCED CONCRETE

ARD STEEL

29(601)-4vyu: University of Illinois

Febraary 1960

U

‘fhe purpose of this investigation wvas to obtain icformatiom cn the strength
and behavior of deep beams of reinforced concrete and steel, subjected to slowly
and repidly applied loading, ana to develop means for predicting their behavicor.

The report contains the following:

{1) A thorough survey of the litersture pertaining to the dbehavior of deep
beams subjected to static and dynamic loads; {2) results of static tests of 23
simply-supportecd, deep, reinforced concrete beams, 1% under uniforn loading and
9 with a single concentrated losd at midspan; (3) r:sults of dynamic tests om 2
sixply-supported, deep. reinforced concrete beams; snd {4) results of cme test
of a deep, steel beax of I-shape cross section subjected to siowly sppiied
uniform loading. Experimental rezults are compared with theory.

SWC-TR-59-24 AD-315 611
BLAST SRIELDING IN COMPLEYES, PART II, NEGCATON WEAPONS

29(601)-1149: Brosdview Research Corporstisn

July 1959

c

This report presents resullt of the second part of sn esperimsatal
investigation of the shislding effects of city complexes om bdlest loating of
structures both vithin the complex mad ir the region surrcunding the complex.
This study extends the previcus work, in vhich kiloton vesmpons were simulsted,
te include the effects of megnton wespons.

The approech used vas to axpose small-scale model city building complexss
to small high-sxplosive charges and to measure buflding loading and shock wave
characteristics at various pcsitions in and arounc the model.

Shielding effects of the city cumplex in the region behind the cumplex

vere found to extond Lo grester distances for megston vespons than for kilotm
veapons. Within tbhe city complex significant chenges in loeding take place
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vhen the spacing between structures is comparable to or less than the strcture
height. A limited series of tests indicated that ‘hese loading changee sre

due to & relatively small number of structures surrounding the particular
structure, rather than to the city complex as a wvhole. Alvhough no full-scale
resulta ars available for compariscon, it is felt that these seaied test results
can be directly spplied to real city complexes.

SWC-TR~-59-47 AD-LO8B Lb7
GROUND SHOCK ISOLATION OF BURIED STRUCTURLS

29(601)-1134: Armour Research Foundation

Auguzt 1959

¢

This report discusses the problem of allsviating the damaging effects of
plagt~incuced ground shock on wnderground structures of the type presently con-
templated for hardened missilie sites. This first year’s effort has been
directed primarily toward design =nd implementation of an experimental program
utilizing small silo-like structures and seversal types of shock-isoiation de-
vices.

The test structures (rigid aluminum cyiinder, 2 inches in diameter and 8
inches loag) were placed in a bed of uniform Ottawe sand; the ground disturbance
vas created by means of a small {0.02-1b) HE charge. Acceleration measurements
vere obtained at three points within the cyl:..ders. The isolation devicez con~
sisted of (1) a wrapping of iow~density (2~pef) fiexible polyurethane fosm, (2)
8 simulated pile foundation for the cylinder with an air void tetween the
cylinder and the sand, and (3) a gimulated pile foundation for the cylinder
vith pre-expanded polystyrene beads between the cylinder and the sand.

The experimental technique was developed tc the point where a satisfactory
i=vel of shot-to-shot reproducibility of effects was attained. Of ihe isolation
devices tested, the polyurethane foamr material proved to be the most effective,
reducing peak accelerations (of the unisolated cylinder) by a factor of from
5 o0 10. The stress level in the sand is estimated to be on the order of 1 psi.
Various theoretical considerations relating to both the unisolated and isolated
vylinders are discussed.

oWC~-TR~59--48 AD-239 6L0
BLAST EFFECTS ON TURNEL "ONFIGURATIOHNS

29{601)-T796: Armour Reseurch Foundation

October 1959

U

Preasure megsurements were made in tunnel-type models at the Air Force
Shock Laboratory at Gary, Indiana. Tunnel overpreasures wvecre measured as a
function of both geometric and free-gstream blast wave parameters.

The tunnels wvere oriented so that their msjor axes subtended angles of C,

45, and 90 degress with the direction of free-strcam blast fiow. The tunnels
were loaded by free-stream shock strengths in the range of 3 to 15. Pressure-
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time records (overpressure as a function of time) wer= r~bdtained at various
positions within ¢the tunnela. The effect of surface roughness on pressure
attenuation wvas investigatsd utilizing & range of surface roughness factors

from O to T percent. Geometric variations in the tunnei complex included ex-
pansion chamber configurstiocns, short 90 degree bends, and entrance restrictioas.

Within cne and one-hsalf diameters from the tunnel's entrance, the peak
overpressure wag of the order of 30 to 5C percent of the free-stream over-
pressure, for 90-degree tunnel orientationa. For tuc .ol orientations of zero
degrees, the peak overpressure just inside the tunnel's entrance is greater
than the iritial free-stream overpressure, but conzxiderably smaller than re-
flected pressure existing in the vicinity of the tunnel entrance. Overpressure
near the entrance of the tunnels varied with both the orientation of the tunnel
and the magnitude of free-gtream shock streagth. Atteruation of pressures
farther down the tunnels was a function of distance from the entrance, tunnel
orientation, and tunnel geometric complex. Attenuation of pressurz in small
wall tunncls scaled according to the standard pressure-time sceling laws for
the Liast wave parameters tested. Rowever, whan vall roughness was introduced,
pressure &nd time did not scale, especially for large diameter tumnelis. In
effect, the influence of wall roughness on sttenuation heceme less pronounced
as the absolute tunnel diameter increased.

SWC~TR-59-49 AD=-318 32%
ANALYTICAL STUDIES, IBVESTIGATIQHNS, AND PRELIMINARY DESIGN OF DOOR ARD
FOUNDATION SEALS FOR PROTECTIVE STRUCTURES

29(601)-1166: Sendberg-Serrell Corporation

May 1959

C

The purpose of this project was to study problems comnected with sealing
protective structures ageinst blast pressures, nuclear and thermal radiation,
and ground water leskage. Because of severe conditions encountered in nuclear
weapon blast, it is reasoned that conventional sealing practices might be in-
adequate. Particular attention is given to effacts of both thermal and nuclear
radiation on elastomers which might be used for seal materials.

A few design concepts are included in the report for various door and
foundetion configurations.
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SWC-TR-59-56 AD-23k 69T
DESIGR AND AXALYSIS OF FOUNDATICONS FOR PROTECTIVE STRUCTURES

<. (601)=1161: Armour Research Poundaticn

Cctobar 1959

c

A combined theoretical and experimental program was conducted to investigate
the behavior of foundations under time-dependent losding.

The standard theoreticel epproaches describing soll failure under founda-
tions are revieved with respect to time-dependent loading. Eguations are
developed for failure of scil under spread footings, taking into account inertial
effects, pressures o the surface, and time-dependent forces. A method of solu-
tion for time-dependent loading on pile foundetions is also developed. All the
theoretical vork eamploys standard soil parameters, the assumption being that
reans for selecting the appropriate velues for these parameters will be provided
by other curreat or future research.

The experimental work is of two types: (1) static loading of footings to
cbtain date not normally reported but vitel for considering dynamic behavior
and (2) limited dynamic loading of footings. The static loading tests aupply
full information on the load-displecement curves for given footings, establish
the properties of the Ottawa sand used in the experimentel work, and provide
visual descriptions of footing behavior. The dynamic loading tests, in which
the loading vas athieved by dropping a known veight from a controlled height,
supply sbundant qualitative but caly limited quantitative informstion. In par-
ticular, the observations of dynamic failure as contrasted with the ohbservations
of static fallure lead to sericus questions regarding the assumption that the
mode of failure under static loading ie descriptive of behavior under rapidly
spplied (dynamic) loading.

Design recommendations concerning footings for protective structures are
made, based on currently availabie knowledge. Comtinuing research into this
general problem may soon provide better design methods. The limitations of the
research conducted are described, and recommendations for future work are out-
lined.

SWC-TR-59 =57 AD-315 832
INVESTIGATION OF SILO LININGS

29(601)=1168: Armour Research Foundation

September 1959

c

Some aspects of the problem of determining the response of vertical
undergrrund silo linings to blast-induced loads are considered. These include
the response of circular cross sactions to radial pressure, effects of dif-
ferential horizontal displacement, and analysis of the steady state motion of a
rigid cylinder in en infinite elastic medium in the presence of a continucus
plane wave,

The results shov that increasing the wall thickness will decresse radial
displacements of the lining but mey not reduce the elastic bending stresses.
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The investigation of effects of differential horizontal displacement shows
that circular cross sections remain circular during deformstion snd that large
longitudinal bending stresses result from relatively small differential dis-
placements.

The analysis of the motion of & rigid cylinder in an elastic medium indi-
cates that the rigid body response to high frequen:y components of the
disturbance in the free field will be greatly attenuated.

SWC~TR-59-58 AD-231 kk2
A DOOR DESIGN FOR TUNNEL CLOSUKE

29(601)~U6T: - University of Michigan

Qctober 1959

]

Some problems confronting the designer of deep underground military
installations are discussed in the preface. Placing a door near the entrance
o a tunnel leading to the heart of an installation should be considered,
sspecially in the high-pressure regions. A general design is presented for a
revolving closure. Such a door could protect the complete interior of an
installation against shock effects resultiag from a nuclear detonation. The
closure will be openabie after exposure to blast and would not be adversely
affected by debris within the tunnel. Power requirements are relatively small.
Cost estimates are presented.

SWC-TR=-59-T0 AD=- 460 852
AIR FORCE DESIGN MANUAL: DESIGN OF PRUTECTIVE STRUCTURES TO RESIST

THE BLAST EFFECTS OF NUCLEAR WEAFONS (Superseded by AFSWC-TDR-62-138)
29(601)-1162: University of Illinois

December 1959

C

This is the first drarft of the Air Force Design Manual. Its intended use
will be for planning and designing structures to resist the effects of nuclear
wveapons ranging into the Megaton class. Emphasis is primarily on undergrouad
construction. The material presented is derived from existing knovledge and
theory, so the manual is also a report of the state of the art.

Starting with general considerations of site selection and structural’
function., verious pheses of design are considered: (free-field phencmena in
alr and ground, material propsrties, failure criteria, architectural and
nechanical features, radiation effects, surface openings, conversion of free
field phenomena to loads on structures, and design and proportioming of
structural elements and structures.

The appendixes includs treatment of dynamic theory of structures,

discustion of a solution for attenuation of stress in earth causad vy three-
diwsnsional dispersicn, and illustrative design problems.
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SWC~-TR=-59-T1 AD-347T LLTL
GRCUND MOTION FRODUCED BY ABOVEGROUND K'JCLEAR EXPLOSIONS

29(601)-542: Stanfors Research Institute

April 1959

8~-RD

This report summarizes free-field ground motion cbservations made on
aboveground nuclear and spplicable HE detonations. Prediction methods are
presented for estimating variation of maximum values of ground motion parem-
eters vith weapon yield and ground range.

The question of scaling cannot be resolved zolely by experimental data,
and for veapons detonated in Nevada the scatter of data are sufficient to
mask the relaticnships between ground motion and known soil property variation.
Geology of Eniwetok Proving Ground is grossly diflerent from that of Nevada,
and hence the ground motion et the same overpressure is within an entirely dif-
ferent theoretical and experimental regime than in Nevada. This makes
correlation of these ground motion data with soil properties tenuwous.

However, theoretical analysis of viscoelastic media and correlation of
maximum values of surface particle velocity, strain, and displacement data
vith elestic theory suggest that transient nuclear ground motion data (with
the exception of acceleration) can be treated on the basis of a "nearly elastic"
medium in overpressure regions less than approximately 500 psi. A nearly elastic
medium is one in which elastic parameters play a major role, wvhile viscous and
Plastic parameters plsy minor roles. In contrast, ground motiom produced by HR
detonations of less than 2,560 pounds (the largest HE ground motion experiment)
is strongly influenced by dissipative phenomene, ar*® data suggest two-
dimensional phencwena. Until a more complete theoretical description cf the
phenomena is avuilable, these data do not provide quantitative extrapolations
to auclear detonations,

Ground motion data have been analyzed for LL United States nuclear experi-
mente at Nevada Test Site, 8 United States experiments at Eniwetok Proving
Ground, and 3 United Kingdom experiments at Maralinga, Aus‘tra.ua,. Correlations
are presented for horizontal and vertical acceleration and particle velocity
~=ar the ground surface and for the attenuation of acceleration and particle
velocity with depth in the superseismic and o 'trunning regions. For the
superseismic region the verticel surface displacement, stress, and strain are
given. Rules of thumb are presented for the attenuvation with depth of horizoantel
veloclity and displacement.
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The purpose of this investigation ves to obtain informaticn on the strength
and behavior of deep beams and slabs of either reinforced concrete or steel
under static and high-enargy impulsive loedings, and to develnp means for pre-
dicting thias behavior.
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PART 1., BEHAVIOR AND DESIGN OF DEEP STRUCTURAL MEMBERS AD-262 107

Part 1 contains a summary of each of the specific investigations reported
in detail in Parts 2-7. The summaries include the object and scope of the test
programs and digests of test results, and conclusions for each part.

PART 2. TESTS OF REINFORCED CONCRETE DEEP BEAMS WITH WEB AND
COMPRESSION REINFORCEMENT AD-244 T39

Results of tests of seven reinforced concrete deep beams with tensile and
web reinforcement and two beams with tensile and compressive reinforcement are
described in Part 2. Several patterns of web reinforcement were used. Beams
with veb reinforcement had a span-depth ratio of about 3.0 and beams with com-
pressive reinforcement had a span-depth ratio of 2.32. All beams were tested
under uniform, slowly applied loading. The general behavior of test specimens
is described and explarations of observed phenomena are given,

PART 3. TESTS OF REINFORCED CONCRETE DEEP BEAMS AD-240 853

Tests of eleven reinforced concrete deep beams subjected to slovly g
applied, uniform loading ere described in Part 3. Studies of the strength and ‘
behavior of simply supported, reinforced concrete deep beams are made, and pro- ‘
cedures for predicting static load-deflection behavior of such members up to
flexural failure are present:d,

PART 4., DYNAMIC TESTS OF REINFORCED CONCRETE DEEP BEAMS AD-24T 468

Tests of simply supported reinforced concrete deep beams subjected to
rapidly applied loads are described in Part 4. Five beams were tested under a
triangular-shaped pulse and three beams under a flat-top pulse of "infinite
duration." Five beams were tssted sta”ically to serve as control beams for
beanms tested dynamically. Studies of relationships of the sum of measured —e-
actions to deflections, steel strains, and concrete strains are made. Data
concerning effect of strain rate on bshavior are presented.

PART 5. RESISTANCE AND BEHAVIOR OF REINFORCED CONCRLTE BEAMS OF
NORMAL PROPORTIONS UNDER RAPID LOADING AD-240 854

The obJect of this investigation was to obtain information on the strength
and behavior of reinforced concrete beams subjacted to rapid loading. To thia
end, 33 beams of various strengths, 6 by 12 inches in cross section and 9 fee:
or 12 feet 8 inches in apan, vere tested under static and dynamic loads. Three
percentages of tension reinforcement vere employed, using intermediate graic steel.
Some beams also had compression and/or shear reinforcement. Concrete strength,
bean width and depth, and yield strength of reinforcement were essentially con-
stant. .

Eight of the two-point loaded beams were tested statically, requiring

from about 2 to 6 minutes each to reach collapse deflection. In the dynamic
tests of 25 other beams, 1oads ware applied in from 0.1 to 0.8 times the nstural
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period of vibration of the beam. Some dynamic loads were of "infinite"
duration, vhile others were terminated at from one-half to three times the
beam period. Load levels varied from less than atatic yield capacity to more
than dynamic ultimste capacity.

Anelysis of test resulis comsisted of determining dynamic resistance i
characteristices of test beams. This was accomplished by considering the beam
to be a single-degree-of-freedom system and analyzing its behavior on an analog ;
computer. The measured load pulse was fed into the computer along with an i
arbitrary resistance function for the beam. T is resistance function was then ‘
changed until its response matched the response measured in the test., Dynanmic

resistance functions vere also determined using measured strain rates, together

vith available results of dynamic tests of coupons of reinforcing bars. Re-

sistance functions determined vith the analog computer are compared with

computad functions and static load-deflection characteristics. An anelytical

procedure for determining dynemic resistance of reinforced concrete beams is

proposed, using deflection rate of yleld.

The most important conclusions concern a direct relstion between dynemic
yield level of a reinforced concrete beam and yield strength of tension re-
inforcement under dynamic loading; the apparently emall effect dynamic loading
has on collapse deflection of a reinforced concrete beam; and the feasibility
of using established formulas, developed in comnection with static tests for
predicting dynamic resistance provided proper account is taken of an increase
in yleld strength of reinforcing steel.

PART 6. THE YIELD STRENGTH OF INTERMEDIATE GRADE REINFORCING
BARS UNDER RAPID LOADING AD-240 855

The object of this investigaticn was to determine the influ®nce of rapid
loading on yield strength of deformed reinforcing bars of intermediate grade
steel. Thirty-four specimens consisting of