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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,
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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
3

A-1




R s e s A B A S o et R v sarm b e

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
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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.

c-16




o AT RIIERE LAy MR AR TR <

v s
B

-

Vet e T B YRR R TS 3| b e - s

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.

SWC-TR-59-T2

BEHAVIOR AFD DESIGN OF DEEP STRUCTURAL MEMBERS (T Volumes)
29(601'-468: University of Illinois

April 1961

U

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 2-foot coupons cut from No. 6,
No. T, and No. 9 bars vere tested at room temperature under uniaxial tension.
The static yield strengths ranged betveen 40,500 psi and 48,900 psi. Dynamic
yield strength varied from 102 to 149 percent of static yield strength and wvas
related to strain rate during yielding. losad and strain data for sach bar
tested are predented in graphical and tabular form.

s o B s st

PART T. PLASTIC BEHAVIOR OF DEEP STEEL BEAMS INCLUDING
SHEAR EFFECT AD-262 108

The static resistance-deformation rclationship of steel I or WF beams
subjected to & uniform loading resulting in inelastic shear and flexural
deformations ir investigated. Essentially, three specimens from as-rolled 8 WF
35 beans vere tested; the flanges vere milled to obtain desired variations in
resistance. Plastic shear deformations occurred in all specimens. One
specimen deformed primarily in flexure; another specimen delormed from a
combinati.u of shear and flexure. Material properties in both tension and
torsion vere dstermined from coupon data. Comparing the experimental results
from specimen tests and tcrsional properties of the material, it is determined
that a cousiderable portion of shear resistance is derived from the flanges.

[ ——
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A shear-moment interacticn relationship is derived which defines the perfectly
plastic condition. This relationship includes consideration of shear distribu-
tion in the flange and an effective width of the flange in resisting shear. It
is shown that shear capacity is dependent on the shear-moment ratio of the
section, aithough reasonably accurate shear deformstions can be computed for
specimans of this investigation from a single shear-shear strain relationship
which approximstes the shear-shear strain relationship for no moment.

SWC~TR-60-~1 AD-318 866
DOORS ARD ACCESS OPENINGS TO PROTECTIVE STRUCTURES

29(601)-46T: University of Michigan

March 1960

c

The general objective of this study was to develop analyticel methods
vhich can ultimately be applied to design of access openings to protective
structures. Doors for dome, arch, rectangular, and silo-type structures are
considered from an intuitive point of view. 3Because of mathematical difficulties
involved, it is proposed that the continuous structure (both the main shelter
and the door) be replaced by an equivalent frame for the analytical investigatiom.
A method for analyzing dynamic elasto-plastic response of the fraume is presented.

SWC-TR-60-3 AD-U62 209
CONCEPTS OF PRELIMINARY DESIGN OF STRUCTURE PROJECTS FOR

UNDSRGROUND NUCLEAR DETONATIuUNS; APPENDIX A -~ FREE FIELD

PREDICTIONS; APPENDIX B -- INTERACTION OF BURIED STRUCTURES

WITH GROUND SHOCK

29(601)-1169: Armour Research Foundation

January 1960

Basic Report ~- §

Appendix A ~- S AD-462 210
Appendix B -~ &

The besic report describes a ustructure test program for a contained
underground nuclear detonstion, designed to obtain data which did not exiat
at that time and vhich vould give designers esdditional guideance needed in
planning protection in relatively high pressure fields. Four individual tests
are propcsed, all at the same free-field stress condition, esch designed to
ansver at least one specific question regarding interaction ¢f a dburied structure
vith a ground shock vave. A cost estimate is aiso given.

Appendix A describes a method for estimating earth motions, stresses,
strains, eic., resulting from a contained underground nuclear detonation.
This appendix also attempts to delineate factors vhich are influential in con-
trolling shock or stress vaves vhich propagate outward from the epicenter. It
also glves estimates of earth motions in the white and reddish tuffs found at
the Nevada Test Site, for an approximate range of stress levels from 400 to
2,000 psi. In eddition, a factor is given permitting crude eatimates of sarth
motion to be made in other soil or rock.
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Appendix B presents s theory for estimating forces acting on a buried
structure subjected to a ground shock wave. This work iz intended to be
applicable primarily for the type of rock found at the Hevada Test Site, such
as vhite or reddish tuff.

A discussion of free-field variables ia given, together vith an idesliza-
tion of the striss vave forms of interest. The basis of soil-structure inter- !
action concept is the assumption of the nature of forces acting on the buried -
structure. The force acting on the structure is assumed to be composed of §
tvo parts. One, the vave force, is due to the sudden motion of surrounding
media and the subsequent state of stress in the ground shock wave. The other,
the arching force, is due to local deformation or displacement of the structure
relative to surrounding media. Motion of the structure is governed by the
usual equation of motion; however, in this treatment the forcing term has been
split into two independent terms. The wvave force term is a function of rela-
tive displacement between the structure surface and its corresponding soil
poesition. The response of the buried structure is given for a range of ground
shock vave parameters, structure configurations, and structure parameters,
and includes some analysis cf shock isolation systems.

SWC-TR-60-4 AD- 237 255
RESEARCH STUDIES OF STRESS WAVES IN EARTH AND MODEL EARTH MEDIA

29(601)-116T7: Armour Research Foundation

October 1959

U

A solution to the problem of streas distribution on the boundary of a
circular hole in a large plate during passage of a stress wave of long duration
is presented. The solution wes experimentally obtained by using a low modulus
model material in a combined photoelasticity and grid analysis. The results
of the investigation indicate that a biaxial state of stress exists, such that
the maximum tensile stress, produced in the free field, was approximately 0.45
times the maximum compressive stress. The study also indicates that the maxi-
Bum compressive stress on the hole boundary can be computed with a fair degree
of accuracy by applying the Kirsch solution for a hole in an infinite plate,
using the free field blaxial stress conditions. The maximum tencile stresses
on the hole boundary were alvays found to be smaller than predicted values.

Nc solution was knovn ¢o have been pudlished in the technical literature for an
impact-produced time dependent stress distridbution around a discontinuity.

A laboratcry program vas conducted to study the performance ol small
diaphraga and barium titanste pressure gages. Barium titanate gages eabedded
in cylinders of clay and of urethane rubber were subjected to dynamic loadings,
vhile diaphragm geages, embeddad in urethane rubdber cylinders, vere subjected
to static and dynamic losdings. The embedded barium titanate gage respouse
vas ip all instances approximately U0 percent greater than the response for an :
equivalent air shock loading. The embedded diaphragm gage response to dymamic ’
loadings was approximately 80 percent higher than the response for an equiva- :
lent static air preasure loading and sbout 30 perceat higher than the static
response of the embedded gage. The percent increase in response depends upon
gage type end material properties of the medium in vhich it is embedded. It
vas also established in the program that embadded gages respond only to the
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normal component of stress acting on their sensitive faces. The c.osely
controlled performance of these gages in materials vhose properties are very
accurately known is expected to provide many answers to the rather nebulous
problem of making underground measurements in soils loaded by nuclear detona-
tions. Some preliminary development of & wafer-thin sensing e«lement which has
the same response to static and dynamic loadings when embedded is discussed.

An attempt vas made to obtain the stress distribution oa the boundary of
an embedded rigid obstruction in a large plate during passage or compressive
stress vaves. A combtined photoelasticity and grid analyis was used. The re-
sults of the program indicate that meximum shearing stresses can be obtained
from photoelasticity data with sufficient degree of accuracy. However, in
order to separate principal stresses and determine normal, tangential, and
shear components of stress on the boundary of the obstruction, data from a
grid analysis are required. The results of the program indicate that the grid
method should be further developed to obtain these data.

SWC-TR-60-5 AD- 318 630
PRELIMINARY DESIGN METHODS FOR UNDERGROUND PROTECTIVE STRUCTURES

(Superseded by AFSWC-TDR-€2-6)

29(601)-1171: Nathan M. Newmark, Consulting Engineering Service

December 1959 !
s !

The objective of this contract was to determine simplified methods and
criteria for design of underground structures subjected to nuclear blast loading.

Available data were investigated, classified and studied. Reguireé ana-
lytical studies were made where needed, to supplement presently available data.
Degsign methods and procedures for simplificd application of limited available
knowledge were developed to the extent that they are suitable for »se in pre-
liminary design.

Because of lack of data and knowledge, many areas in this volume were
cursorily treated. Recommendations for future study are made.

SWC-TR-60-8 AD-278 170
THRORETICAL STUDY OF GROUND MOTION PRODUCED BY NUCLEAR BLASTS

29(601)~1290: American Machine and Foundry Compeny

October 1959

v

This study is part of a program aimed at analytically determining free-
field ground motions of soils in reaponse to overpressure loadings cauided by
nuclear veapons. The snalysis vill ultimetely provide designers of under-
grocund protective structures vith necessary quantitative informatiom on groumnd
xotions and pressures as a function of aoll properties and wespon yleld,
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A fair idea of the behavior of soll may be gained from knowledge of less
complicated media. It is, therefore, natural that the first need is & thorcugh
understanding of elastic phencmens. Then extensions into visco-elastic
pbencmeiia may be made.

As a first approximation to the actual problem, tvo-dimensional motion of
an elastic half-plane under an exponentially decaying normal load traveling
&t constant velocity along the boundary is determined analytically and results
presented graphically. Analytic expresaions in integral form are then obtained
for three-dimensional axi-symmetric motion of an initially quiescent homo-
geneous isotropic elastic half-space under an arbitrary axi-symmetric time-
dependent normal loading. These expressions are then utilized for the special
case of a concentrated normal point load and a uniform concentrated normal ring
load suddenly applied and thereafter maintained at a fixed position on the plane
boundary. Analytic expressions are also obtained for three-dimensional axi-
symmtric motion of a homogeneous isotropic visco-elastic half-epace under
identical conditions as for the elastic case.

SWC-TR-60-11 AD-318 970
COMPARATIVE PROTECTIVE STRUCTURAL DESIGN

29(601)-547: Armour Research Foundatiocn

June 1960

8

The objective of this study vas to develop cost figures for hardened
structures employed in air weapons systems. Design techniques esmployed in the
study vwere bDased on best aveilable methods. If these were regarded as incom-
plets, or insufficiently accurate as compared vith design msthods used elsevhere
io *he study, rapid and spproxismate methods “ere develcpsd specifically for the
program. This study vas further directea tovard determining miunimum coat designs
of complete protective structures for ultimate use by Alr Force planning ageiclesn
in selocting the optimum combination of hardeuing, mobility, and dispersal for
given funding levels. This required an extensive investigation of structural
components. The final report contains cost figures in terms Jf both stmictural
elements (beams, slabs, columms, etc.) sad structural enclotures (cudicles,
large-enclosures, etc.). In addition, silos, silo doors, arch~s, and domes are
treatad in separste appendixes. 7The study shoved tha'. underground structure:
were far lass expensive th 1 aurface structures st moderately severe over-
pressures. At very high pressures, surface structures are regarded as not iess-
idle, vhile underground structures sppeared reasonable from a cost standpoint.
Optimum burizl depths, vhich resulted from the design method assumed, were
found to exist for higher overpressures. It vas fousd iess expensive to build
underground protoctive structures in sasd then in clay.
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SWC-TR-60-16
ANALYSIS AND DESIGH OF DOMES, ARCHES AND SHELLS

VOLUME T -~ ANALYSIS OF SPHERICAL DOMES (2 Parts) AD-245 290
VOLUME II -- DYNAMIC RESPONSZ OF CIRCULAR ARCHES 'INDER A

UNIMORM ALL-AROURD PRESSURE PULSE AD-2kS 291
29(<01)~ubk: University of Illinois
Octouer 1960
9)

Part 1 of Volume I presecats numerical resu.ts of an investigation of the
dynamic response of an elastic sphericel sheil to uniform axi-symmetric pras-
sures. A continuous dome has “een replaced by a series of elustic members having
distributed flexursl sni membrane stiffu~uses. Internal moments, thrusts, and
siears for the repla-ement mechanism aave been expressed in terms ol tsngential
and radial displucements of the middle surface. The time-dependent response of
the dome to external pressures was investigsted by solving tr:se force-
displacement relations using &1 iterstive technique sim::ar to phyrical re-
iaxs.ion,

The respc .e vas investigated for twc types of =dge restraint: /s) rigid
support, and (J) moment-ree support. Alsc studied were the effects on response
o7 radius-to-thickness and pericd-tc-pulse duration ratios. Finally, the effect
of peak dynamic pressurs or axi-symmetrical buckling wes investigated. Results
and conclusions ire summsrized in the text.

Part 2 of Volume I discusses a phyzical wmechanism developed t¢ resresent
shel’ acticn for Acaes ynamically loaded into the inelastic renge. A sandwich
type of cross gsectior with twe thick unformiy reinforced face sheets is intre-
drez2d to simulate the behavior of a ccncrete dome,

Physical relaxation is used in ccaputing dome responsc, and the incremsntal
loading procedure is described in detsll. Even for syemetrical pressures,
posaible combinations of elastic and plastic areas in the dome surface bdecoms
sxtremeiy large. Thus, in an actual pumerical calculation, a lzarge smount of
bookkeeping is necessary. This dookkeeping problem vas solived in & wique
fashion for e binary computer and is presenced iz the chapter devoied Lo the
cosputer pPrograe.

Volume 1I is concerned with the behavior of arch stiuctures under dynumic
loads. HNume . ical sclutions are presented for tha elastic respamse of tvo-
hinged circular arches of constant cross section sublected to & Wwifore eli-
srouwd triangular pressure pulse vith an {nitial peak. Parsmeters {nvestigsted
include dursticn of the pressure pulse, magnitude of pesk prescure compared to
critical buckling pressure, gecmetric and physical properties of the arch, and
initial out:of-roundnesa of the arch.

The problem is analyred approximately Lr replacing the continuous arch by
s framevork consisting of a series of rigid bars and rlexidle ‘aints, The
actual structure mass is lusped as & series of point masses st the joints. The
equations of motion for the arelogous fremevork are solved by a step-uy-etep
method of numerical integrctioms.
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SWC-TR-60-21 AD-320 hh)
SUMMARY OF INTERIOR BLAST LOADING IN HOLLOW MCDEL STRUCTURES

20{601)-796: Armour Research Foundation

July 1950

C

This report summarizes resulte of a series of four interior loading studies
conducted in the Air Force 6-foot Shock Tube. Primacord high explosive was
used to generate shoucks having overpressures between 5 and 30 psi and durations
of about 22 millisec, at the test section.

A series of hollow models with some exverior surface cpenings was studied
to determine the value of initial and meximum pressure attained inside the
models, Barium titanate pressure sensors were used to measure inside pres-
sures on the floor and back wall of the models, as well as on small blocks
placed on the floor. The basic model was & b x 6 x 12 inch cubicle with open-
ings of either O, 30, or 100 percent in the front, back, tcp, or sides.
Variationz in roof geometry trecated include parapet walls and gsble roofs, voth
with and without ecves. A model full-scale field test structure was also treated.
These models were teated at angles of incidence of 0°, 145° and + 90°. Most
shots were at 0°.

Openings located in or near the front were found to be most effective
an producing high inside pressures, while gable roof models showed slightly
lower inside pressures than flat roof models; neither parapet walls nor eaves
affect inside loading. There is no effect of overpressure on inside pressure
ratios in the 5 to 30 psi pressure range, but impulses on thc block although
difficult to measure sstisfactorily, appear to increase for the block roof and
decrease for the net horizontal load on the block, as overpressure increases.
For a given opening configuration, inside pressures decrease almost linearly as
the angle between openings and flow goes from 0° to 90°, then increases only
slightly in the 90° to 180° range. Shock tube loadings compare quite well with
those on a very similar 2i:1 large-scale model with 18 percent openings in the
front and back surfaces, at 7.0 psi.

A series of curves giving values of initial and maximum inside pressure
ratios for models with simultar.eous openings in the front and back is also
presented. These curves are based on data from the Orientation Program.

SWC-TR-60-L1 AD-251 1ko
SHOCK CHAMBER DEVELOPMENT AND EVALUATION

29(601)-546: Broadview Research Corporation

July 1960

u

Development of a test facility, for detonating explosives in reduced
pressure ambient conditions to determine blast loadings on models of protective
structures from spherically expanding shock waves, is described. The facility
conslsts of a large cylindrical vacuum vessel 10 feet in diameter and 19 feet
long, equipped with a model-mounting stand, charge holder, vacuum system,
access ports, and quick opening door.
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The development piogrem involved tests of reduced ambient pressure scaling
in a small (S5-foot diexmeter, 9-foot long) cylindrical vacuum vessel prior to
design of the final chamber. Work in the small (predesign test) chamber also
included a study of effects of topography on overpressures in high strength
ghock waves.

Tests in both the predesign chamber and the final chamber indicate that
Sachs' (reduced ambient pressure) scaling of shock st-engths is valid to ambient
pressures as low as 0,01 atm ind shock strengths as high as 50.

A deseription of the operation of the shock chamber for simulating
detonations both at sea level and at high aiiitudes is also included.

SWC-TR-60-53 AD-25T 572
RESPONSE OF ARCHES UNDER DYNAMIC LOADS

29(601)-2591: University of Illinois

August 1960

U

This report concerns & study of the response of arches subjected to the
influence of transient forces.

A numerical procedure is presented for computing the dynamic response of
arches in both elastic and inelastic ranges of deformation. The procedure is
applicable to arches having any shape and any distribution of mass and stiffness.
The distribution of pressure along the arch and its timewise variation may be
arbitrary.

The analysis is simplified by replacing the actual arch, which has an
infinite number of degrees of freedom, by a discrete framework consisting of
a series of rigid bars, flexible joints, and concentrated point masses. To
compute the response in the inelastic range, the arch cross-sectional area is
considered to consist of two concentrated flange areas connected by a thin rigid
web. The equations of motion of the suhstitute system are solved by a step-by-
step method of numerical integration.

Computer programs are described for analyzing two general classes of
problems: (a) circular elastic arches subjected to uniform normal pressur= of
arbitrary timewise variation, and (b) arches of arbitrary shape subjected to a
triangular moving pressure pulse. For the latter case it is possible to
evaluate the response in the inelastic range of behavior.

Numerical solutions are presented for a wide range of parameters and
effects of varicus parameters are discussed.
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SWC-TR-60~54
SURFACE EFFLCTS ON BLAST LOADING
2%(601)-3218: Armcur Research Foundation

May 1958

S-RD

Volume II AD-323 360
Volume III AD-323 610

Thi . report discusses the propagation of a blast wave from a nuclear explo-
gion and -"he pressures occurring over ideal and real re“lecting surfaces. In
separate & ctions the following subjects ere discussed; the propagatiou of a
blast wave i1n free air, thermal radiation of an atomic weapon. reflection
process of a tlast wave from an ideal surface, influence of mechanical eff{rcts
¢~ blast wave reflection, and effects of atmospheric inhomogeneities on shock~
vave propagation. Results are summarized in a chapter where schemes for con-
structing blast waves reflected over real surfaces are presented,

Significent advances in predicting the propagation and reflection of
atomic blest waves were achieved, Further work is necessary, however, before
the accuracy of predictions is adequate to meet military requirements for pre-
dicting target damage.

SWC-TR-60-55 AD-257 886
RESEARCH STUDIES ON FREE FIELD INSTRUMENTATION

29(601)«194k: United Electrodynamics Company

December 1960

]

This report discusses development of a free field stress gage. The gage
vas tested under static and dynamic conditions to pressures in excess of 1,000
psi in a pressure tank specially designed and fabricated for this purpose.
Test results indicate the gage reads within 10 percent of free field stress some-
“hat beyond 200 psi. Future gages developed along similar lines should ac-
curately messure free field stresses up to 1,000 psi.

An important side result of this work was the design and fabrication of a
dynanic pressure tank used in gage development and evaluation, The tenk ic
capable of producing static and dynamic pressures in excess of 1,000 psi. Rise
times (time for pressure to reach 63 percent of its final valve) range from 10
to 40 milliseconds, for pressure levels currently used.

SWC-TR~61-5 AD-358 682
CLOSURES FOR HARDENED PROTECTIVE HANGARS

29(601)-2550: American Machine and Foundry Company

Jenuary 1961

8~RD

Methods for designing closures for hardened dome and arch aircraft
shelters ars described and discussed. Seven closure concepts for earth-
covered arch shelters and six closure concepts for concrete dome shelters
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are described in detail and compared. Sample calculations are given for
predicting the response of closure structures subjected to blast loading at

the 100-psi overpressure level. Solutions to important design detail problems,
unique to design of hardened closures, are also given.

SWC-TR-61-6 AD-266 24
THEORETICAL STUDY OF GROUND MOTION INDUCED IN NON-HOMOGENEGUS

MEDIA BY NUCLEAR EXPLOSIONS (2 Volumes)

29(601)-1948: Stanford Research Institute

December 1960

U

In Part 1, a numerical example 1is set up to provide ¢ test of the method
developed in Part 2 for calculating stresses and displacements in an elastic
half space caused by an axially symmetric airblast lsading., The corpresaianal
and shear wave velocities, relative to the speed of sound in air, are taken as
1+ z and 0.6, respectively, where 2z 1is dimensionless depth. Results are shown
for an arbitrary surface loading which has general but not specific character~ y
istics of the airblast from a nuclear surface burst. A complete description
of coding procedures and the Algol code are given in the appendixes.

In Part 2, a finite-difference numerical method of determining motions
and stresses in an elastic nonhomogeneous half space caused by a time-~dependent,
axially symmetric., surface loading is presented for cases in which compressional
wave velocity varics linearly with depth, while shear wave velocity is constant.
The method may also be applied to layered media where the elastic parnzeters are
constunt in each layer but differ from layer to layer. The usnal smearing of
compressional and distortional wave fronts in such methods is avoided by intro-~
ducing & coordinate system following the front. In this characteristic system,
regions of influence may be traced before actual motion is determined.

SWC-TR-61-7 AD-261 935
DEVELOPMENT OF A MINIATURE DYNAMIC PRESSURE GAGE

29(601)-1200: Armour Research Foundation

January 1961

U

This report describes the development of a miniature dynamic pressure
gage suitable for shock-tube use, and use in shock flows of relatively short
duration.

In the course of the program, several disk-shaped gages, using a single ﬁ

sensor to measure the difference between stagnation and side-on prezsure, vere 1 ?
fabricated and tested in a shock tube. The completed gages 2ach contained minor
modifications of a basic design, and each exhibited a different rise time, noise
level, and sensitivity. OSubsequently, one gage, namely Q-5, was delivered to
the Air Force Shock Tube Lab in December 1960 and satisfactorily passed evalue-
tion and calibration tests in the l-inch shock tube, in the 5.25 psi region

for shock vave durations of 6-7 ms.




The report describes operating principles and design of these gages,
and summarizes the development program. It also presents preliminary data
on a gage of similar design, which incorporates diaphragms in the disk faces,
and data on operating characteristics of the gage delivered to the Air Force.

SWC-TR-61-~12 AD-350 848
SUMMARY OF FULL-SCALE FIELD TESTS OF STRUCTURES

SUBJECTED TO HIGH "VERPRESSURES

In-house

March 1961

S-FRD

This report swmmarizes test data for blast resistant structures which
received at least 20 psi overpressure when exposed to nuclear blast effects
in the United States full-scale field tests. General information on blast,
structure, and test results have been included where available. The purpoce
of thils report is to provide the reader with a feei for the behavior of struc~
tures exposed to nuclear blast; in addition, it is hoped the report may provide
an easy reference for those interested in the various nuclear test operations
involving structures.

For those desiring more information, references have been included for
each structure.

SWC-TR-61-25 AD-262 985
STRESS WAVE PHENOMENA IN SEMI-SOLIDS

29(601)~256L4: Armour Research Foundation

June 1961

U

Research conducted under this contract had four principal objectives:

a. First vas determination of stress distributions on boundaries of
unlined circuiar, elliptical, and round-cormered square holes in large thin
photoelastic plates subjected to a dynamic point load on one edge. The centers
of all holes vere identically located with respect to the load point. The
effect of variation in dynamic shock wavelength was also studied,

b. Second was comparison of stress distributions om boundaries of three
unlined circular holes located at constant depth below s dynamic point load
applied to the edge of a large thin photoelastic plate, but at varying horizontal
distances from the load point.

c. Third was study of the streess distribution on the boundary of a lined
c¢ircular bole in a large thin photoelastic plate subjected to a dynamic point
load on one edge.

d. Fourth was calibration of electrical resistance strain gages em-

bedded in a large thin photoelastic plate subjected to a dynamic point load on
one edge.
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During the course o1 the current study use of rubber thread grids for
measuring transient internal strains was refined. Later this method was sup-
plemented by introducing the Moire fringe technique for determining tranaient
surface strains.

SWC-TR-61-32 AD-448 L34
STATIC EXPERIMENTS FOR THE STUDY OF THE INTERACTION OF BURIED

STRUCTURES WITH GROUND WAVES

29(601)-2652: Armour Research Foundation

April 1961

U

An experimental program was conducted to evaluate and extend basic
assumptions and concepts used in soil-structure interaction theory developed
by Armour Research Foundation. These experiments were static, and examined the
form of the arching force acting on axially loaded buried cylinders.

Compacted Ottawa sand was used for these experiments. Uniaxial com-
pressive loading characteristics of this soil were almost linear on the loading
part of the cycle. However, when unloaded the material exhibits some hysteresis
characteristics. Experiments were performed on a number of buried models which
varied in length and stiffness. The s0il mass was loaded pneumatically to 20
psi. During the loading part of the cycle, the assumed form of the arching
force was very good. Hysteresis characteristics of the soil require that some
modifications of the concept be made for unloading.

Auxiliary experiments were performed on small samples of soil confined in
a steel ¢ylinder and coupiessed 8xiaily. Iuese experiments indicated that
side wall friction effects were appreciable. Further experiments with various
wall treatments, such as Teflon sheets, indicated a large portion of the
frictional effect cculd be eliminated.

SWC-TR-61-47

THE INVESTIGATION OF DEEP RE1wFORCED CONCRETE BEAMS UNDER STATIC AND DYNAMIC

LOADING

VOLUME I -- STRENGTH AND BEHAVIOR IN FLEXURE AD-268-848
VOLUME II -- STRENGTH AND BEHAVIOR IN SHEAR AD-268 8h9
29(601)-2372: University of Illinois

July 1961

U

VOL. I. The object of this investigation vas to study the strength and
behavior in flexure of a simply supported deep reinforced concrete beam subjected
to slowly and rapidly applied loads, as & basis for developing a rational and er-
ficient design procedure. In particular, it vas desired to determine behavior in
flexure under dynamic load and to cospare it vith static behavior; to determine
the relation of ultimate deflection under dynamic load to ultimate static deflec-
tion; to determine increase in flexural strength as o function of strain rate or
some other factor; and, if data collccted were sufficient, to recosmend design
procedures for deep reinforced concrete besms.
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VOL. 1II. The object of tnitc invesstigation vas to determine the straogth
and behavior in shear of reinforced zoncrete deep veams subjected to static and
dynamic loading, to determine whether the dynamic mode of failure is different
from the static mode of failure, and to evaluate the effectiveness of weh rein-
forcement .

8WC-TR-61-48 AD-268 L66
PRELIMINARY DESIGN STUDY FOR A DYNAMIC SOIL TESTING LABORATORY ,

APPENDIX B -- SMALL SCALE FOOTING STUDIES, A REVIEW OF THE LITERATURE
29(601)-1947: Massachusetts Institute of Technology

July 1961

U

A review is made of literature on small-scale testing of footings cn soil,
particularly of efforts to determine static ultimate bearing capacity. Litera-
ture published earlier than 1960 is discussed, while later reports are only
listed in the bibliography. The review was performed as part of a preliminary
design study for a dynamic soil testing laboratory, and was intended to deter-
mine vhy some past efforts were worthwhile and others were not. The report
concludes that the best success is achieved in nonguantitative verification of
deformation modes and patterns of behavior, particularly the size, shape, and
presence of rupture zones. Good results are obtained from attempts to sup-
plement established theories with empirical correction factors, but attempts
to verify quantitative relationships or to establish numerical vealues have
generally failed.

SWC-TR-61-51 AD-263 870
GROUND SHOCK ISOLATION OF BURIED STRUCTURES

29(601)~2586: Armour Research Foundation

August 1959

1]

This is & continuation of the study of isolation of buried structures
from ground shock, reported in AFSWC TR 59-47, Ground Shock Isolation of Buried
Structures. Small aluminum cylinders (2 inches in diameter x O inches long)
vere embedded in dry Ottewa sand and subjected primarily to ground shock com-
ponents of an HE charge. Acceleromevers mounted on the cylinders were used to
measure motions.

Various devices vere then employed on or about the cylinders to alleviats
induced moticns, vhich vere compared to the unisolated response. These isolation
devices consisted of open and closed cell polyester urethane foams and loose and
danse sand contained in a stove-pipe. In addition, variations in response with
changes in overall bed density vers investigated. An analytical study was also
conducted to explore certain aspects of response including kinematics of
cylinder motion, the structure-soil interaction problem, and isolated cylinder
respoass. .

The study demonstrated that accelerations generally increase wvith increase
in bed density, and effectiveness of isolation systems must be measured relative
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to characteristics of the overall bed. It is also shown that high frequency

+ .ponents of response are important for cylinders placed close to the charge.
The study reinforced previous conclusions regarding velidity of testing pro-
cedures and effectiveness of soft foam isolation.

SWC~TR-61-55 AD-2T2 956
ANALYSIS OF THE DYNAMIC RESPONSE OF AN ABOVEGROUND SIMPLY SUPPORTED
CYLINDRICAL SHELL SUBJECTED TO BLAST LOADING

29(601)-2521: University of Illinois

August 1961

U

The purpose of this study was to determine the elastic response of an
aboveground simply supported shell roof subjected to blast loading. The study
naturally divides itself into four parts:

1. Review of blias. loading phenomena and evaluation of forces which might
reasonably be expected to act on the structure;

2. Derivation and discussion of the equations of motion of the shell;

3. Development of a solution to the equations of motion which would be
suitable for programming for a digital computer;

4, Preliminary study to establish which parameters are most important,
and general effects of these parameters.

2WC-TR-61-58 AD-268 k67
PRELIMINARY DESIGN STUDY FOR A DYNAMIC SOIL TESTING LABORATORY,

\APPENDIXES K, L, M, A%D N)

29(601)-194T: Massachvsetts Institute of Technology

August 1961

U

Four laboratory experiments performed on sxmall samples of soils are
discussed. The experiments were designed tc furnish certain information ou
soil bahavior needed for design of a dynamic soil testing laboratory. The four
experiments studied friction angles of sands at low confining pressures, side
friction in the zcnscliJdation test, failure conditions in hollow soil
cylinders, and failurss in tubeg surrcunded by soil. Apparatus and procedures
used in each case are described, and typical data and results are presented.

SWC-TR-61~60 AD-265 896
DYNAMIC RESPCNSE OF THE 6-POOT DIAMETEK SHOCK TUBE TO A CONSTANT

VELOCITY PRESSURE FRONT

29{601)-2793: Universits of Michigan

August 1961

U

The problem of determiniug the dvnamic effect of an internal nonderuying
pressure front moving vith constant welocity parallel to the axis of s ciicular
tube is treated. It vas known thsat the equations for the problem of & besm
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resiing on an elastic foundation sre equivalent to those for & circular tube,
after & simple replacemer® of constant terms. Thereafter, the equivalent beam
problem i8 considered with both infinite and finite lengths. The finite beam
is investigated with two types of boundary comditions: both ends simply
supportel, and both ends fixed. Viscous damping is considered for the infinite
beam. The effects of shear and rotatory inertia are neglected in all cases.

It is shown that dynamic factors for the infinite and finite beams are nearly
{dentical, and the solution for one circular tube is obtained on the basis

of an equivslent infinite beam.

SWC-TR-61-90 AD-276 290
STUDIES OF THE RESPONSE OF ARCHES AND DOMES UNDER DYNAMIC LOADS

29{601)-2591: University of Illinois

October 1961

]

This report. consisting of Parts I, 11, and 111, is concerned with three
agspects of the response of arches and domes under dynamic loads.

Ip Part i the accuracy of an approximate design method for arches sub-
Jected to Qynaxuic loads is evaluated by comparing predictions using this method
with exact solutions. Primary emphasis is placed on effects of loads distribu-
ted uniformly sround the arch.

In Part II the response of circular elestic arches under = moving pressure
puise is investigated by the model method. Various combinations of natursl

modes are considered, and the combination of the smallest number of nodes

vhich satlafactorily approximstes the =xact solution is deterwined. Tt is con-
cluded that good approximstion to the true response can be obtained bty consider-
ing coatributions of the first anti-symretrical and the first tvo symmetrical
natural modes of vitration.

Part III presenta & derivation of an approximate theory for the dynamic
response of spherical shells loaded unsymmetricelly by time~varying pressures,
Nonlinear 2ffects are considereld, so the resulting equations reflect buckling
tendencies asszociated with large-defleciion bzhavior.

WL-TR-64-108 AD-61k 108
EPFECTS OF BOUNDARY FRICTION 0¥ TRANSMISSION OF STATIC STRESS THROUGH

SAZD IM CYLINDRICAL TANKS

29(601)-6002: Air Force Shock Tube Facility - University of Hew Hexice

March 1965

U

Experiments to determine the effects of boundary friction on the traus-
mission of static vertical stress through standard 20-30 Ottewa rsnd in 8-inch
I1.D. tanks are discussed. In these sxperiments the tank type, tank length,
applied overpressure, sand density, and boundary vere varied. Theory and
tests shoved that the percent transmission did not vary significantly vith
overpressure betveer 7 and 85 psi, but decreased vith the length of the tank.
The decrease i{n transmission vith increase iL tank length could dbe approxi-
mated by a theoretical equation up to some maximum length. It is concluded
that a greased membrane is perhaps the simplest and certainly an sdequate
means of reducing vall frictioo.
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WL-TR-64-111 AD-359 458
EJECTA DISTRIBUTION FROM CRATERING EVENTS IN S5CIL AND ROCK

29(601)~627C: The Boeiug Company

February 1965

S=3D

Data resulting from L nuclear craters and 31 chemical craters vere
cbtained and evaluated to determine e'ecta distribution on the ground surface
surrounding the crater and to account “or the disposition of total ejecte mass,
fallbacks mass, and compaction and disto™ "o mass. Emphssis was ou surfsce
craters in rock and soil; however, duta for rock craters are sparse. Existing
theories ou craterine were gurveyed to determine if they could be used or
nodified to explain ejecta observations sade on experimental craters. It
appears that the Knox-Terhune the.ry could be modified to predict electa die-
tribution for subsurface craters; however, s similar theory for surface shots
does not exist.

Analys:s of data for a single near~surface nucl=ar crater indicstes that
ejectu mass represents 35 percent of true crater mass and 53 percent of
apparent crater mess. Fallback mass represents 27 percent of true crater mass,
and the compression and distortion mass represeats about 37 percent of true
crater mess.

For chemical (HE) surface craters, ejecta mass represents about 35 percent
of true crater mass and does not exhibit a particular function of yield.
Chemical surface craters are characterized by fallback representing about 34
rercent of total ejects mass; and compaction and distortiua of the surrounding
wedium represent about 31 percent of the true crsater mass.

As charge veight {s increased, the ejecta mass for surfsce chemical
craters ig deposited closer tc the crater edge, Whean chargee of fixed veight
are fired at successively grester burst depths, ejecta mass is iepusited at
increasing disiance from the crater edge until the burst dsptb for cptimum
apparent crater is reached.

Ejecte mass distribution was similar for tvo gsirface zraters of the same
chemical weight: one in rock rrnd the other in scil. The ratio of totsl electa
mage LG apparent crater mass was 1.7 and 0.75 for the rock and soili crater,
respectively. ‘The coatributicon to the crater jue to compsctios xnd distortion
i3 segligible for craters in rock.

Scaling lawé for surface creters in soll medis vere developed.

YL~ TR-6k-112 AD-361 420
PREDICTICH TECHMIQUES FOR SOIL AND RCCX BEHAVIOR IN THE VERY HIGH

OVERPRESSURE REGION

29(601)-5542. OChacaoc and Wilson, Inc.

g.y 1965

This report extends the current semiempirical =cthod for determining
the ground displacesents due to air blast effects to the very high over-
pressure regioa. A4 a background for the method, the pertipeat behavior
characteriztics of the scil and rock are discussed and field and ledoratory
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technijues are outlined. Since the method is based on limited field date and
many sssumptions, the limitations are fully discussed. Appendixes to tnis report
present a numerical example of the method, techniques for in situ rock testing,
aid construction considerstions for underground protective structures in rock.

WL-TR-6L-~113 AD-619 9469
CLOSE-IR EFFECTS FROM A SURFACE BURST

29(601)-5009: MRD Division - General American Trsusportation Corporation
June 196k

u

A computer program for the solution of stress wave propagstion into a
real rock material near the center regicn from a surface burst of a large-yield
auclear device has been prepared. Preliminary numerical results are shown.

The computer program vas prepared from & set of finite difference equations
representing the differential equations of motion.

The differential equations of motion are taken in & form which includes
large displacements, large strains, large rotations, large velocities, and
accejerations.

A constitutive equation relating stresses to displacements, stresses, and
temperature wes derived. This equation accounts for plasticity, finite strains,
and temperature. The equation was develcped in two stages:

l. The form ¢f the reversible component was derived in accordance with
classical thermodynamics and finite elasticity theory. The Helmholtuz free
energy used in the derivation of the macroscopic stress strain temperature
relationship via the calculus of variations was derived from & microscopic
and atomic model of a crystalline material representative of rock.

2. The irreversible component of the macroscopic d=formation was de-
rived from the microscopic theory of the motion of crysiailine imperfections
and their relationship and response to stresses and temperature.

Several illustrative examples of siress strain curves are shown.

WL-TR-64-118 AD=- 615 457
STATIC AND DYNAMIC COMPRESSIBILITY OF SUFFIELD EXPERIMENTAL STATICN SOILS
26{601)-6352: M. T. Davisson, Foundation Fngineer

April 1965

U

Static and dynamic one-dimensional compression tests were performed on
aach of ten 5-inch undisturbed shelby tube soil samples tsken from the site of
Operation Snowbell at the Suffield Experimental Station. The maximum stresses
attained vere genersally in the 390- to 1,300-psi range. The results of the
tests are presented in the form of plots of axial st_ess versus axial strain,
constrained modulus - rsus axisl stress, and radial stress versus axial stress.
The dynamic modulus observed for the upper 13 feet of the sofl profile has a
pinimum value of approximately 3,000 psi, end is approximately twice the static
value., Between the depths of 13 and 23 feet, moduli values ranging 18,000 to
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24,000 pri are applicatle at the 100-psi stress level. Below a depth of 23
feet, the estimated water level, the constrained modulus is cousidered equal to
that of water -- 300,000 psi. An alr-blast-induced ground motion prediction wvas
made for a range of 250 feet from a 50C-ton TNT explosion. A peak trensient
surface displacement of 4.6 inches was computed for a time of 30 miiliseconds
after arrival of the shock front st the ground surfsce. Because of differences
between the laboratory snd field loading histories, and the streain rate sensi-
tivity of the soil, the computed displacement is probably from 50 to 100 percent
of the actual disvlacement.

WL~TR-6L4-~122 AD-468 736
A STUDY OF STATIC & DYNAMIC RESISTANCE & BEHAVIOR OF STRUCTURAL ELEMENTS

Final Report -~ Project M266

29(601)-5372: IIT Research Institute

June 1965

U

In the current phase of & research program designed to study the tehavior
cf a number of simple structural models buried in a soil medium vhich is sub-
Jected to static and dynamic loads, a dynamic loading device was developed for
applying air blast loadings to the surface of a bed of soil. This facility wes
then used to study the behavior of four cylindrical shell models which were
buried in a dry cohesionless scil mediws of uniformly graded silica send
(Cttava sand). ‘

In this report, experimental results in the form of longitudinal and
hoop membrane force and bending moment distributions at the central transverse
plane of each of the cylindrical shell models are presented. Horizontal and
vertical diameter changes at the central transverse cross section are alsc pre-
sented along with acceleration-time records of the crown, invert, and springing
line. Some conclusions are then drawn regarding the intluences of the end
closure system, and the rate of loading on the behavior of a cylindrical shell
buried in Ottawa Sand and subjected to static end dynamic overpressures.

G A TR L

WL~TR-64-142 AD-61k 892
SIMILITUDE OF DYNAMICALLY LOADED BURIED STRUCTURES

29(601)-5359: Iowa State University

April 1965

U

TN 5| s AL TS I gl i o

Results of an investigation to determine similarity reguirements for
dynamicaily loaded buried structures are presented. Scaling relationships
are developed and investigated experimentally. Tests were performed with small-
scale structures buried at different depths and dynamically loaded in either a ¥ :
drop-weighi loader or a shock tube. Hollow tubes instrumented with strain 3 ?
gages and solid blocks instrumented with accelerometers were used as the model £ -
structures. Three soil types were utilized in the test program: dry Ottawa
sand, dry sand mixed with mineral oil, and a cohesive (Colo) soil. Complete
strain-time and acceleration-time curves were obtained at differant depths of
burial for a series of geometrically similar models and for a series of hollow
cylinders of dirierent stiffnesses. A detailed analysis of the data is pre-
sented,

The results of the test program indicate that relisble predictions, based
oa the scaling relationships presented in the report, can be obtained for

C-37




structures buried in dry sand. For more cohesive soils distortion is present
and the use of prediction factors is required if the same materials are used
in both the model and prototype.

WL-TR-6L4-143 AD-615 906
ABALYSIS OF FREE FIELD DATA IN A HALF-SPACE UNDER DYNAMIC LOADS

29(601)-5552: MRD Division - General Americen Transportation Corporation
April 1965

Y

Exact snaiytic formulas are developed for obtaining wavefront stress end
stress-gradient values in elastic and viscoelastic half-speces subject to
dynamic surface loeding. These exact wavefront stress values are used along
vith the results of a double-precision computer code in the display of stress
profiles for the elastic half~space problem. Viscoelastic and clastic settenua-
tion formuias are derived. Attenuation contours are plotted.

WL-TR-64-155 AD-616 344
THE MSCHANICAL ARD OPTICAL CHARACTERIZATION OF SQLITHARE 113 AND

INVESTIGATION OF PHASE LAG RELATIONSHIPS BETWEEN PRINCIPLE MECHANICAL

AND OPTICAL AXES IN PHOTOVISCOELASTIC ANALYSIS

29(601)-5387: Firestone Flight Sciences Laboratory

October 1964

U

A complete mechanical end optical characterization is given for Solithane
113, a urethane rubber compound having high birefringent sensitivity and ex-
cellent optical transmission properties. Its viscoelastic transition region is
found to span about six decades on logarithmic time, somevhat narrower than
other materials of the urethane fam'ly.

The time-dependent orientation of the prinecipal mechanical axes and
optical axes is investigated for o circular Solithane specimen subjected to
& rapidly changing diametyic loed situation. The results indicate the pos-
sibility of large phase lag of the optical axes orientation compared to
principal stress axes. The agreement with principal strain axes is generally
much closer, but even here the phase angle can be as much as 45°.

WL-TR-64<157 AD-61L 481
A STUDY OF THE BEHAVIOR OF SOIL & ROCK SUBJECTED TO HIGH STRESS LEVELS
29(601)-5817: University of Illinois

March 1965

U

An analytical and experimental investigation has been conducted to study
the behavior of send and clay under high stresses. The analytical work de-
veloped equations for the stress-strain properties of a medium composed of
elastic equi-radii spher2s in a face~centered cubic array. Theoreticel relation-
ships between the coefficient of earth pressure at rest, the angle of internal
friction, and the coefficient of friction between the coefficieat of earth
presswre at rest, the angle of internal friction, and the coefficient of
friction between the spheres were also derived. A special zero-lateral-strain
device vas developed for one-dimensional compression tests on sand and clay.
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The tests were carried to axial stresses of 3300 psi on four sands and 2200 psi
on five remolded clays. The tests on sand demonstrated that the grein shape
and gradation were as important as relative density in influencing the stress-
strain properties. Controlled radial strain tests on the sard, with axial
stresses up to 5000 psi, disclosed a failure envelope with a significant de-
crease in slope under the high pressures. Unloading of the sands and clays
caused the coefficient of earth pressure at rest %o increase end approach the
coefficient of passive earth pressure.

WL-TR-64~163 AD-468 460
BEHAVIOR OF PLAIN CONCRETE UNDER HIGH TRIAXIAL LOADING CONDITIONS ‘
29(601)-6049: University cf Colorado

June 1965

19)

Concrete mixes with average compressive strengths ¢f 5200 psi, 8100 psi,
and 8700 psi vere tested under four different conditions o. triaxial compres-
sive loading as follows:

Type I. a, > (02 = 03)
Type II. (ol = 02) > a4

Type III. ol =0, = 03

Type 1IV. g, = 002 = 003; C>1

O15 Tn5 and 03 are the msjor, intermediate, and minor principal stresses,

respectively. Tests were performed on 6- by 12-inch cylinders. Type I and
Type IV tests were run until the axial stress dropped or until 2 inches axial
deformation was produced. Results of Type I and Type IV loadings differed
iittle, and the following equations fit the combined results very well:

0.8330

3 < 35 ksi

al-fé-h.6900 0<o,

0-6329

- f": = 10.570 03

oy 35 < 03 5_ T5 ksi
Considerable bulging cccurred, and it appea.r;id that the average normal stress

at micheight remained neariy constant during bulging and represented an ap-
proximate yield stress, Ope Equations for this stress are

0.9782

o, - fé = 3,042 03

0<eo, <35 kel

3

0.T7101

oc - fé = T.257 03 35<0, <75 kel

3

Type II tests were run until the lateral stress dropped. Results of these
tests are given by
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0.8510

- 2.105 fé = 4,056 Iq

9 05_031201(51

The differcnce in Type I-Type IV and Type Il results ihdicates that the
intermediate principal stress has an effect. No drop~off of load occurred
in Type III tests, but the unconfined compressive strengths were decreased
according to the linear expression

£, = £,' (1 - 0.005635 0,) 0y < 86 ksi

Results obtained are in good agreement with those of previous investigators,
but the present tests attained much higher stresses than any previous tests.

WL~TR~-64-164 AD-
PROJECT AIR VENT - EJECTA DISTRIBUTION STUDIES

29(601)~62T70: The Boeing Company

November 1964

U

Ejecta distribution studies were made on 21 high-explosive cratering
shots of the 30-shot Air Vent series. Of these, 11 shots with charge weights
ranging from 64 to 6000 pounds of TNT were fired at the ground surface, and
10 shots, each 256 pounds, were fired at varying depths beneath the ground.

When burst depth was varied and charge weight held constant, ejecta mass
was distributed in a similar way 1relative to the apparent crater for all
charges fired at depths between the ground surface and 4.8 feet. At greater
burst depths, ejecta mass was deposited farther from the crater, reaching
maximua distancese at the burst depth that produced the maximum apparent crater.
For surface bursts, ejecta were deposited relatively closer to the crater as
energy release was increased.

For surface craters, 35 percent of the true crater mass was represented
by ejecta, 40 percent by fallback, and 25 percent by compaction and distortion
of the medium surrounding the crater. Ejected material represented about 88
percent of the epparent crater mass. The ratio of ejecta mass to true crater
mass increased with burst depth, reaching a maximum of 0.58 at a burst depth of
1.2 feet. The fallback mass was approximately equal to the ejecta mass at a
burst depth of about 6.4 feet.

WL-TR-64-175 AD-471 182
GROUND DISPLACEMENT STUDIES, Project 3.7

29{€01)-6378: Shannon & Wilson, Inc.

November 1964

U

Measurements of transient and permesnent vertical and permanent horizontal
ground movements with depth were made at four locations at the Suffield
Experiment Station during Operation Snowball. The four locations were at
diatances of 245, 280, 310, and 370 feet from ground zero on a true azimuth
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of 322°, Specially designed scratch gages were installed inside of couplings
Joining aluminum Slope Indicator casing at the stations to measure vertical
transient movement with depth. Slope Indicator readings were taken at pre-
determined intervals post- and pre-shot to determine the alignment of the
aluminum casing eand to determine permanent horizontal movement.

Surface surveys indicated that the tops of the cesing at the two staiions
closest to ground zero moved toward ground zero, while the remaining two
stations moved away from ground zerc. Analysis of the data obtained with the
Slope indicator suggests that extensive radial displacements probably occurred
below the bottom of the various casings. This is believed to be feasible since
the lack of surface debris was small compared to the size of the crater, sug-
gesting that the major portion of the materiasl was displacement downward and
laterally. The measured horizontal and vertical movements are therefore
generally considered a combination of directly induced and air blast effects.
It is impossible to ascertain the amount of horizontal or vertical movement
attributable to each.

Data obtaired in about the upper 15 feet at Station 3 are believed to be
primarily the result of air blast effects. Values of constrained modulus and
vertical elastic compression were computed from the data and results compared
favorably with those recommended for present day displacement predictions.

Dynamic compression tests performed by the Air Force Shock Tube Facility
and the Air Force Weapons Laboratory to evaluate the consirained modulus of
elasticity are incluled in appendixes in this report.

AFWL-TR-65-8 AD-
SHEAR AND BCND STRENGTH OF HIGH STRENGTH REINFORCED CONCRETE BEAMS
UNLDER IMPACT LOADS - FIRST PHASE

29(601)-6246: University of Texes

June 1965

u

The Air Force Weapons Le.oratory, Kirtland AFB, New Mexico, initiated a
comprehensive investigation into the shear and bond capacity of very-high-
strength concrete beams subjected to impact forces, the investigation to be
conducted by the Structural Mechanics Research Laboratory of the University
of Texas. This is the final report on the first phase of that study. The
scope of the first phase vas broad reather than intensive in any one aspect of
behavior. Useful quealitative information from this report wvill be helpful for
designing shear and bond strength into hardened structures, but precise
quantitative advice wvill require intensive study on specific aspects of be-
havior. The firat phase 4id indicate that further research on particular items
should yield specific design criteria.

The University of Texas College of Engineering has obtained nev recoraing
squipnent for dynamic measurements, and an on-campus drop facility has been
constructid. The improved equipment along with testing experience from the
first phase of the program will be very beneficial during later phases,
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AFWL~TR-65-9 AD-478 706
SIMULATION OF AIR SHOCKS WITH DETONATION WAVES

29(601)-6002: The Eric H. Wang Civil Engineering Research Facility, University
of New Mexico, Albuquerque, New Mexicc

February 1966

U

Presented theoretically and experimentally are (1) the feasibility of
simulating a nuclear blast environment by detonating a gas and (2) determinationm
of the initial conditions of hydrogen-oxygen mixtures to yield blast waves of
the same pressure-velocity relationship as that in air shock waves. When the
theory was derived by predicting the characteristics of the simulated blast
waves, a computer program was written. Experimental data were used to adjust the
computed data. The experiments were conducted in a 13-inch-diameter, high~
pressure shock tube and yielded four mixtures of hydrogen ard oxygen capable of
simulating shock waves with overpressures of from 330 to 1,Z7" psi. It was
found that detcnation waves may be substituted for air shock waves when the
incident loading is important and that applications aiv geinecally laiuited Lo
instances in which ..iy one characteristic of an air shock is simulated.

AFWL-TR-65-11 AD-614 990
SIMULATION OF, AIR-BLAST-INDUCED GROUND MOTION (PHASE I)

In~-house

April 1965

U

An analytical and experimental program was pe»:iormed to determine the most
promising techniques for simulating the air-blast~ aduced ground motions from a
large-yield nuclear weapon. Two techniques were then selected for further
development. One of the selected techniques employs a detonable gas mixture
and the other a primacord matrix to generate a traveling wave both of which
load the ground. The nuclear air blast overpressure is described, and the
simulation produced by either scheme is compared to this environment. Suf-
ficient data are presented to enable the design of simulation experiments which
use either technique.

AFWL-TR-65-12 AD-469 553
THE EFFECTS OF SHEAR ON STRESS WAVE PROPAGATION

29(601)-5548: University of Washington, Seattle, Wathington

August 1965

U

The propagation of high-intensity stress waves in cylindrical geometries is
considered as a means to obtain a measure of the shear stress effects on material
behavior. A discontinuity theory is applied to show that when Hugoniots ar. used
as equations of state, the Hugoniots must necessarily coincide for all geometric
configurations. It 1s also shown that the simple equations of state of this
type may accurately predict particular information that does not depend on the
shear properties of the material but that little evidence exists to permit its
use in a general fashion for dynamic problems. A criterion is propcsed for
hydrodynamic behavior, and the parameters cuntrolling this behavior are given.

A technique to check the validity of proposed equations of state using flash
radiography is also suggested.
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AFWL~-TR-65-13 AD-465 109
APPLICATION OF RESEARCH TO AIR FORCE CIVIL ENGINEERING VIA
A SCIENTIFIC AND TECHNICAL INFORMATION SERVICE

In-house
May 1965
U

The development of a capability for processing and evaluating scientific
and technical information (STINFO) pertaining to Air Force civil engineering
is described. During the initial phases of this development considerable
attention was given to identifying sources of information and analvzing
storage and retrieval systems. The informztiun storage and retrieval system
heing used for processing civil engineerirg STINFO is a manual, nonconventional
type commcrly ieferred to in the field of documentation as concept coordination.
The indexing of the information is accomplished through the use of words or
combinations of words to which "roles" have been added to form "term-roles."
"Links" are also used in the indexing process as an additional aid for retrieving
only relevant information when a search is being conducted. Evaluatiou of re-
trieved information in response to an inquiry made fo the CE STINFO service is
the final step in devising a "best known' answer. This operation is performed ;
by professional engineers engaged in research work who in most cases have '
advanced degrees and use the combination of experience and education to evaluate }
information for its applicability to a given problem.

AFWL-TR-65-15 AD-620 334
DEVIATORIC EFFECTS IN HIGH INTENSITY STRESS WAVES

29(601)-5008: 1IIT Research Institute Technology Center

August 1965

U

e e b A B A o g

The governing equations for dynamic cavity expansion are developed for a
continuum which can be characterized as a compressible, kinematic hardening,
elasto-plastic material. A numerical procedure for integrating these governing
equations, utilizing shock-fitting as opposed to artificial viscosity for numeri-
cal stability, 1is outlined. The shock-fitting, as well as the starting pro-
cedures is based on a progressive wave solution of an adjunct problem which is
asymptotic to the formulated problem.

Continua theory of dynamic cavity expansion, as formulated here, indicates
that the hydrostatic component of the stress state decreases much more rapidly
than a decreasing cavity pressure as long as the cavity is expanding. The
capability of the continua to transmit radial compressive force is due to a
rapidly increasing deviatoiic stress.

AFWL-TR-65-16 AD-622 445
HIGH COMPRESSIVE STRENGTH CONCRETE, Report 3, Summary Report

U S Army Engineer Waterways Experiment Station, (29-601)-61-04

September 1965

U

The informaticn contained herein constitutes the third sad final report on
high-compressive-strength concrete, The first report consisted of a review of
the state of the art. In phase two, approximately 150 mixtures were proportioned
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to study the effect of mixture variables on the ultimate strength. In this
report are presented the results of the previcus two phases, and results of
physical and thermal tests of high-strength concrete including creep, shrinkage,
thermal properties, heat rise, and stress-strain relations. Trocedures for
proportioning, mixing, placing, using, testing, and inspecting high-strength
concrete ard the practical application to structural works are discussed. Recom-
mendations are made for additional work to fully utilize the properties of high-
strength concrete.

AFWL-TR-65-20, Volume 1 AD-472 608
DYNAMIC STRESSES IN A THICK ELASTIC CYLINDER SUBJECT T0O TRANSIENT

PRESSURE LOADINGS ~ Theoretical Analysis and Discussion of Results
29(601)-5993: Grumman Aircraft Engineering Corporation, Bethpage, New York
September 1965

u

The response of = Lollaw circular cylindrical shell of arbitrary thickness,
in either an elastic or a viscoelastic medium, to transient Jdilatational and
shear waves (and their superposition) is presented. The solution is valid
within the scope of the linear theory of elasticity or viscoelasticity. The
technique for obtaining the solution relies upon (1) the construction of a train
of incident pulses from steady-state components, where each pulse represents
the time history of the transient stress in the incident wave, and (2) the
existence of a physical mechanism that, between pulses, restores the disturbed
particles of the cylinder and the surrounding medifum to an unstrained state of
rest,

The iniluence on the cylinder response of the following factors is discussed:
liner thickness, cylinder-medium impedance mismatch, viscoelasticity in the
medium, and incident wave form (step pulse, rectangular, linear rise-exponential
decay).

AFWL-TR-65-20, Volume II AD-472 B64
DYNAMIC STRESSES IN A THICK ELASTIC CYLINDER SUBJECT TO

TRANSIENT PRESSURE LOADINGS - Discussion of Computer Program

29(601)-5993: Grumman Aircraft Engineering Ccrporation, Bethpage, New York
September 1965

U

The response of a hollow circular cylindrical shell of arbitrary thickness,
in either an elastic or a viscoelastic medium, to transient dilatational and
shear waves (and their superposition) is presented. The sclution is valid
vithin the scope of tha linear theory of elasticity or viscoelasticity. The
technique for obtaining the solution relies upon (1) the construction of a train
of incidant pulses from steady-state components, where each pulse represents the
time histcry of the trsnsient stress in the incident wave, and (2) the existence
of a physical mechanism that, between pulscs, restores the disturbed particles
of the cylinder and the surrounding medium to an unstrained state of rest.

The influence on the cylinder response of the foliowing ifsctors is discussed:
liner thickness, cylinder-medium impedance mismatch, viscoelasticity in the
medium, and incident wave form (step pulse, rectangular, triangular, linear
rise-exponential decay).
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AFWL-TR-65-26, Volume I AD-613 674
SIMULATION OF AIR-BLAST-INDUCED GROUND MOTIONS (PHASE II)

In-house (Auld, H.E. o'Arcy, G.P., and Leigh, G.C.)

April 1965

U

Rasults from the Phase II, Long-Duration High-Explosive Simulation Technique
(LDHEST) experiment are presented. This experiment simulates the air-blast-
induced ground motions from a large-yield nuclear weapon over a plan area 96 feet
by 150 feet. A specially designed mat.ix of primacord was utilized to produce
the desired expleosion in a confined volume of air. An overburden, or mass of
material, was placed over the explosion to provide a reaction force to shape the
resulting wave pulse and to provide the required long durations. The experiment
produced an air pressure pulse which had a peak o erpressure of 312 psi, a time
to one-half peak pressure of 18.2 msec, and a total duration of 170 msec. The
shock front traveled at an average velcocity of 5,120 ft/sec. On the basis of
these results, recommendations are made for future simulation experiments. The
measured earth free-~field motions and stresses are compared wi'h theoretical
ralenlarinong, and the validity of the technique for simrlating the desireu
nuclear environment is established.

AFWL-TR-65- 7?6, Voiume II AD-613 674
SIMULATION OF AIR-BLAST-INDUCED GROUND MOTIONS (PHASE 11)

In-house (Auld, H.E., D'Arcy, G.P., and Leigh, G.G.)

May 1965

S

The pri=~ipal cbjectives of this porticn of the experiment were to investi-
gate the responec of underground structural configurations and hardened com-
munication components to simulated nuclear-air-blast-induced ground motions.

The structural configuration investigated consisted of a small scale reinforced
concrete silo similar to a typical missile launch facility. The test structure
was analyzed in detail and instrumented with accelerometers, strain gages, inter-
face pressure celle, and mechanical scratch gages. The recorded data were
anglyzed to determine the behavior of the test structure and this behavior was
then compared to the predicted response. In general, the predicted and measured
responges correlated fairly well, but additional refinement of the analytical
procedure appears necessary. Similitude relationships werez developed, but the
validity of these relations cannot be evaluated until future tests of full~
scsle structures have been performed. The hardened communicaticn system was
made up of cable splice cases and {nterface connections typical of the LOM30
Hardened Intersite Cable System used at MINUTEMAN {nstsllations. A description
of the test items and their post-shot conditicu is fncluded along with & discus~
slon of their autvivability.

AFWL-TH~85-29 AD-62 ' 895
STATIC & DYNAMIC BEHAVIOR OF SANDS IN ONE~-DIMENSIONAL COMPRESSION
$9(601)-6369: University of Illineis

December 1965 S

U .

Stntié,'rapid, snd dynamic one~d{mensional compression tests were performed
on four different sands at each of three different initial relative densities.
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The maximum stresses attalined were generally 10,000 psi or higher, except for a
low~pressure dynamic test series which attained streszes from 1,000 to 1,500 psi.
The results of the tests are presented in the form of plots of axial stress
versus axial strain, constrained modulus versus axial stress, and radial stress
versus axial stress; grain size distribution curve~ are also presented for each
specimen for both the bLefore- and after-test conditions.

The static data were compared to Hendron'e static data on the same four
sands; general agre¢ement was noted, although the ccompressibility was concistently
somexhat higher than that obsarved by Hendron. 7The radial stresses were also
somewhat jower; however, the discrepancies are probably a function of the test
devices and the manner cf perfoiming the test.

Crushing of the sand grairs was very pronounced for the coarse sands,
especially the angular cand, aud had an overwhelcing effect on the stress strain
relationship. Consideration of sand grain contact stresses provides a quali-
tative explanation for the observed behavior. It was noted that at high pres-
eures each sand attsined a common void ratio, at a given stress levei, regardless
of its initial relative density. Beyond this stress level eaci sard has
22 2uesally unique wroperties. No strain rate eftects were observed that are
likely *to be of significance in the engineering use of this data.

AFWL-TR-A5-31 AD-
INTERACTION OF PLANE ELASTIiC WAVES WITH A THICK CYLINDRICAL SHELL
29{601)-5007: University of Illinois

June 1965

U

A method is presented for computing stresses in the vicinity of a lined
cylindrical cavity in an infinize, elastic, isotropic, homogeneous medium as
it is enveloped by a plane stress wave of dilatation traveiing in a direction
peipendiculay to the axis of the cavity. The liner, which may be thick, is
considered as a second elastic medium. Both the incident stvrzos and tne perrar-
bations in the stress field are represented by Fourier serieg where the coef-
ficients sre functions of radius s0d time. Thesc coefficients represent
two-dimensional travelirng-wave goluticne and are found by solving sets of
coupled integral equations of the Volrerrs type. A computer program was written
to carry out the numerics! computations. Hoop stresses in the liner and in the
nedivm at the liner medium interface were computed at various angles around the
opening for 2 plane longitudinal step vazve. It was found thal the aaximum
dynazmic stresses c2cur on a diamecer which is perpendicular to the direction of
wave propagation, and that the dynamic stresses are sensitive to variation of
the rvatic of thickness of the liner to ite radfus, and stif . ness of the liner
reletive to that of the medium. Further studias were then sade to determine
the variavion of maximus hoop stresses {n the liner and medium with these
parameters. The naximum dynamic utresses were compsred with the corresronding
statfic vsluea. In eddicion, the effect of decay and rise time of the incident
on the maximum hoop stress vas inveatigated.
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AFWL-TR-65-43 AD-628 806

EXPERIMENTAL STUDY OF STRESS WAVE INTERACTION IN
PHOTOVISCGELASTIC PLATES

29(601)-6240: 1IT Research Institute Technology fenter
January 1966

U

The objective of this irvestigation is to obtain experimental solutions to
viscoelastic stress wave interaction problems pertinent to the design of protec-
tive structures. The methods of photoviscoelaciicity and caperimentas visco-
elasticity in general were employed. The model material used, plasticized
polyvinyl chloride, was characterized mwechanically and optically by creep tests
at different temperatures using the temperature-time equivalence principles and
by sinusoidal osciilation tests. Good agreement was obtained by the two methods
of property determination. Photoviscoelastic plates were subjected to falling
weight and air shock loadings. In the falling weight loading, stresses were
determined on the boundary of a circular hole and at a similarly located pcint
in the free fieid. It was found that the measured maximum compressive stress
on the holie boundary 1is up to 17 percent higher than that obtained by using the
free-field stresses and static stress concentration factors. In the air shock
loading, stresses were deternined at a free-fia2id point and ou the boundaries
of a circular hole and a rigid circular fnclusion. The maximum compressive
stress on the hole boundary is appreciably higher than the "statically"” computer
stress faitially, but approaches it at later times. In the case of the rigid
inclusion, differences of up to 25 percent between dynamic aud "static" stresses
were found.

AFWL-TR-65-46 AD-811 158
THE DEVELOPMENT AND EVALUATION OF A MINATUREZ VELOCITY GAGE

29(601)~-5419, 29(601)-6412. Stanford Research Iastitute

29(601)-¢N02: Universicy of New Mexico

March 1967

U

Part I of this repcrt describes the theoretical and experimental development
of a compact velonity gage. This gage was developed tc messuras trasspieat velo-
citien from less than Z cm/sec to abowe 600 cw/mrec over a frequency range from
1 to 300 cps. It can be wsed st any inclinztion and measures the velocity
comprnent aloag one axis only, unaffected by crosswisa wmotion. The gage is
nezrly a cube of sbout 5-cm edge lungth and weighs 175 ga. This gage uses a
bighly owerismped spring-mass system with its undasped natural frequency at the
geowetric mean of its frequenty range. The relative displacement betveen mass
md instrusent case is & direct measure of thc velocity of the case. The gage
{8 acrurate to within 410 percent if calibrated properly. Part IV describes an
evaluation of the Stanforc Research Institute (SRI) velocity gage discussed in {
Psrt I. This evalustion vas made to datermine the gage performance in measuring :
the particle velocity of shock-loaded soils. Results indicate that the SRI gage
seasuves the input wvelocity to within sbout 10 percent. Cage response to harmonic
sotion {s flat up to sbout 700 cps. Cage sensitivity is affected by temperature
changes by tbout 1 percent per fahrenheit degree. The gage shows a tilt seignnl
which, for a horizontal gage, is about 1.5 perceat of full scale per degree of
tilt. The gage is not affected by losds of up to 1,000 pounds on the case.

- =
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It will withstand shocks of approximately b,QOgig along the sensitive axis and
1,000 g along the cross axis. Tests of the SRI -gage in soil indicate that its
presence disturbel! the motion field to the extent that the measured velocities
mav have ween considerably in error. The problem of soil motion measurement
requires more work, particularly in the development of a gage or gage psackage
tiat will follew the soil motionm.

AFWL-TR-65-48 AD~469 994

A COMPARISON OF THE DYNAMIC AND STATIC SHEAR STRENGTHS OF

COHMESIONIESS AND COMBINED SOILS ;
29(601)-5174: Univerasity of Notre Dame, Notre Dame, Indiana ;
August 1965 :
U

A direct shear device capable of applying maximum shear stresses to soil
specimens in a period of time range from 1 millisecond to 20 mirutes has been
utilized to test a wide varlety of soils.

The cohesionless materials, an Ottawa sand in the loose and dense condition,
a powdered Nevada silt, and a dry powder clay, did not exhibit any increase in
maximum shear resistance due to an impact-type dynamic shear force application
as compared to a static force application. An increase of apparent friction
angle from 45 degrees to approximately 60 degrees caused by imertial confinement
was obgserved in a dense Ottawa sand.

Cohesive materials, which included undistyrbed and remclded clays and
combined soils (mixtures of sand and clay), demonstrated am increase in maximum
shear resistance under impact loads described scolely by the apparent cohesion
intercept of the fallure envelope. The friction angle was essentially insensi-
tive to test duration. The ratio of the apparent cohesion fcr a ‘allure envelope
involving failure times of 5 milliseconds to the corresponding intercept for
fallure times of nearly 1 minute was approximately 2. This ratio appeared to be
relatively insensitive to moisture content, dry density, grain size and soil
structure (flocculated or dispsrsed) for degrees of saturation in excess of
85 percent. The apparent cohesion ratio appeared to decrease on the dry side
of optimum for compacted soils.

Investigation of different pore fluids indicated that pore fluld viscosity
wa3 not primarily responsible for the increases in strength.

The simultaneous dynamic application of normal and shear forces did ‘not -y
alter the apparent cohesion ratio of the clays studied. !

A preliminary discussion of repetitive force results on clays is included ;
in the report. ;
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AFWL-TR-65-51 AD-626 378
BEHAVIOR OF ROCKS AND SOILS UNDER HIGH PRESSURE

29(601)-6411: IIT Research Iastitute Technology Center

December 1965

U

This report describes a program which was directed toward developing a
capability suitable for generating engineering data on the high pressure
mechanical properties of geologic materials. To provide the greatest possible
contribution, this effort concentrated on three of the most important deficien-
cies in high-pressure experimental technology: (1) development of a system
capable of accepting relatively large samples so that more nearly representative
data may be obtained thanwwith the smaller samples used previously, (2) dewelop-
ment of a system suitable for monitoring the str ns of highly deformable geologic
materials, and (3) development of an encapsulating technique for soils.

Each of these objectives was attained tv a certain degree. Specimens up
to 3 inches in diameter were subjected to fluid pressures of several kilobars.
The deformation of scil was measured with a potenticmetric slidewire device.
An encapsulating technique was developed for soils which was suitable up to
about 2 kilobars. Further refinements are necessary, but it appears that the
more important of the limitations of past studies have been overcome.

AFWIL-TR~65-59 AD-621 363
STEP LOAD MOVING W1TH SUPERSEISMIC VELOCITY ON THE SURFACE OF

A HALF-SPACE OF GRANULAR MATERIAL

29(601)-6055: Paul Weidlinger, Consulting Engineer, New York, NY

September 1263

U

The two-dimensicnal steady-state problem of the effect of a step pressure
traveling with superseismic velocity on the surface of a half-space is treatad
for an elastic-plastic material. The plasticity condition selected is suitable
for a granular medium where inelastic deformations are due to internsl slip
subject to Coulomt friction.

The problem is inherently nonlinear and leads to a system of coupled
differential equations which are solved by digital computer. Numerical solutions
are tabulated as functions of the significant nondimensional parameters, i.e.,
of the Mach number, Poisson's ratio, and & value a defining the internal frictiom.

AFWL-TR-65-67 AD-805 746
STUDY OF WAVEFORM CHARACTERISTICS FPOR USE IN THE ANALYSIS OF SHOCK

ISOLATION SYSTEMS FOR UNDERGROUND PROTECTIVE STRUCTURES

29(601)~6277: Ralph M. Parsons Company, Los Angeles, California

January 1967

i}

A recent review of nuclear ground shock test data revealed oscillatory

motions of undetermined origin, but of asufficient magnitude to he of concern
in the design of shock isolation systems for underground protective structures.
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Response spectra of the oscillaticne exhibited amplification ratios far exceeding
those employed in most groundshock prediction methods, the ratios being fuactions
of the number of oscillations, and the ampliitude and period of each cycle. As
the source of the oscillations was not identified, there was no rational basis
for relating these waveform parameters to such basic site and weapon conditions
as yield, range, geologic structure and properties of the medium. In this inves-
tigatfon, two possible sources of the oscillatory motion are examined. First,
the propagation of waves in a stratified site are studied and their directions
and phase relationships estimated by use of wave front diagrams and time-distance
curves. Second, the form and strength of Rayleigh waves in an elastic, homo-
geneous half-space which result from surface pressure distributions similar to
those generated by nuclear bursis were calculated. In both cases, oscillatory
phenomensa can be predicted and certain features related to the ohserved
oscillations. However, the simple approaches employed in this analysis will

not yield realistic wave strengths and thus, the composite waveform at a point

in the half-space cannot be determined quantitatively.

AFWL-TR~-65-71 AD-628 064
DEVELOPMENT OF EQUIPMENT AND PROCEDURES FOR PRODUCING LARGE

QUANTITIES OF FOAMED SULPHUR IN THE FIELD

29(691)-6408: Southwest Research Institute, San Antonio, Texas

January 1966

i)

Work performed under this contract represents the first practical develop-
ment of a process and equipment for producing large quantities of rigid sulphur
foam. While the sulphur foam formulations and the resultant properties of the
foams heve not been fully optimized, this new foam material represents a sig-i-
ficant advance in the field of foam technology and has applications that
measurably exceed the use intended herein. It was demonstrated that foamed
sulphur can indeed be produced on a continuous basis at a remote field site by
a procesg and with equipment that is simple and capable of being scaled up to
any size. The foan prepared using the procedures and equipment developed herein
has mechanical properties comparable to those produced on a batch basis in the
preceding laboratory study-~-namely a density of 27 1b/ft3, a compressive strength
of 130 psi, a constant strain rate deformation to 65~70 percent, and a low water
absorption. Since the cost of the raw materials for these sulphur foams 1s less
than 2 cents per pound, a foam with a density of 27 1b/¢t3 can be produced for
only $0.54 per cubic foot. Conventional foams with similar physical properties
that can be produced at a remote field site are the rigld urethane foams. The
comparative cost of a urethane foam having a compressive strength of 125 psi is
approximately $3.00 per cubic foot. During the week of 17 January 1965, the
reasibility of producing foamed sulphur in the field was demonstrated for the
Alr Force at Kirtland Air Force Base, Albuquerquue, New Mexico, by filling a 30-
cubic foot annular space with rigid foamed sulphur.
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AFWL-TR-65-75 AD-- 618 069
A STUDY OF PARAMETERS AND METHODS INVOLVED IN RELATIVE

DISPLACEMENT MEASUREMENTS IN SOIL

29(601)-6002: E. H. Wang Civil Engineering Research Facility, University of
New Mexico, Albuquerque, New Mexico

June 1965

U

A study of the parameters and methods involved in relative displacement
measurements in soil was conducted. Static tests were performed to assess the
influence and corrective measures necessary to eliminate the erronecous effects
of arching, overstress, and lateral deformationas of the coupling shaft found in
spool gage displacement neasurements. Stress wave reflections and gage lengths
are discussed with reference to dynamic data collected inm dry sand several months
prior to this study. The study vresuited in the formulation of a get of minimum
criteria to be used when the spocl gage concept ieg employed to measure relative
displacements in soil. These criteria were applied to the design of a spool gage.
which was tested and compared with the performance of & magnetic coil displace-
ment gage that is relatively free frem mechanlcal miswatch effacts. The results
from the two gages tested in a controlled enviromment were very similar.

AFWL-TR-65-78 AD-484 717
AN EXPERIMENTAL INVESTIGATION OF THE ARCHING PHENOMENON

OCCURRING OVER A BURIED RECTANGULAR PLATE

29(6U1)-6388: University of Illinois

June 1966

U

This report presents the results of an experimental investigatfion of soil-
structure interaction and its effect on the pressure transmitted to a herizontally
buried flat plate. The primary objective of this effort was to determine the
validity and range of appiicability of an analytical arching theory deveIOped
to predict the pressures developed on a flat plate buried horizontally
cohesionless soil (Ref. 1).

Static and dynamic tests up to 500 psi peak overpressures were conducted
in a 2-foot-diameter cylindrical test tank having an adjustable bottom which
permitted variations in depth of burial to plate width ratios from 0.5 to 3.0.
The tank bottom housed a long rectangular rigid plate supported by springs which
allowed the plate to deflect vertically under load. These springs could be
changed to investigate the effect of support stiffness on plate ‘pressure. All
teste were conducted on two sands, one with smooth rounded grains (Minnesota
sand) and one with angular grains (Wabash sand), at various values of relative'
density. 1In all tests, data were recorded for overpressure, plate pressure,
and plate deflection.

The results indicate that greater arching develops as the burial depth of
a given-size plate is increased. The amount of arching developing over the
plate is affected by the relative density as well as the type of soil and stiff-
ness of the plate supports. In general, for a given air pressurez more load was
transmitted to the buried plate in the dynamic tests than in the comparable
static tests.
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ANL-TR-65-82 AD-486 834
OPTIMAL SHOCK ISOLATION SYNTHESIS

29(601)-6487: 1IT Research Inatitute Technology Center

July 1966

1)}

The objectlves of this study were to determine if the response of a single-
degree~of-freedom active shock isolation system provides a substential improve-
ment over that of a conventional single~degree-of-freedom passive shock isolation
system, and to determine what control parameters are necessary and desirable im ac
active shock isolation. The best possible shock system and ite performance were
compared to an optimized passive system. Four techniques were employed in the
analysis of the optimal systems: dynamic programming, linear programming, a
simple graphical procedure, and direct integration. The above methods were also
used to construct what w2 have chosen to call a tradeoff 1limit diagram, which
relates, in nondimensional form, the maximum mass acceleration with the rattle-
space required for the optimum isolation systems as well as for any other system
under cousideration. Aas is demonstrated, this diagram provides the designer
with the tool for a raticnal comparison of the performance of any isolation
system with that of the best possible. Thue, from it, the designer can assess
the practical utility of trying to improve the performance of any given concept
or to search for other designs which would approach or actually duplicate the
performance of the best possible system. For the typical shock input wave forms
investigated, the superiority of the active system was quite evident. Further-
more, the performance of the optimal active system has been found to be
insensitive to the wave shape details of the input. This was not true for the
optimal passive system considered.

AMVL-TR-65-92, Volume 1 AD-627 096
THE GREAT ALASKA EARTHQUAKE, VOL, I

In-house (W. E. Figher and D. H. Merkle)

November 1965

U

The tremendous Alaska earthquake of March 1964 killed many people and
caused property damage in the millions. Nevertheless this quake provided
scientists and engineers with an almost unique opportunity to study the effects
of so huge a natural phenomenon in a relatively urban and built-up environment.
The coastal location of the quaka's epicenter created a wide variety of temblor
effects including crevasses or grabens, pressure ridges produced by landslides,
and a borad spectrum of structural damage. The bays, inlets, harbors, and the
seacoast for many hundreds of miles were inundated by powerful seismic sea waves
(tsunsmis). Such diverse effects suggested unlimited areas of study and
evaluation. This technical report presents a general summary of all the effects
catalogued above, and investigates in some detail the strengths and wesknesses
of the many types of structures affected by the tembiors. The volume of 1llus-
trations which supplement this report shows many details of structural damage,
information that could be extremely useful to engineers, architects, contrac-
tors, city planners, and others who plan to erect structures on land known to
be subject to earthquakes. All maps and illustzations are contained in
Volume II of this report.
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AFWL-TR-65-92, Volume 11 AD-627 020
THE GREAT ALASKA EARTHQUAKE, ILLUSTRATIONS AND MAPS

In-house (W. E. Fisher and D. H. Merkle)

November 1965

i}

Volume II of AFWL-TR-65-92, The Great Alaska Earthquake, consists of the
photographs, maps, and drawings which supplement Volume I of this report.
Credits for these illustrations are given in the Foreword.

AFWL~TR-65-98 AD-631 671
PRESSURE DISTRIBUTION ON UNDERGROUND STRUCTURAL CYLINDERS

29(601)-6368: Massachusetts Institute of Technology, Cambridge, Mass.

April 1966

U

The objective of this study was to investigate the magnitude and distribu~
tion of radial contact pressures on a horizontally buried structural cylinder
under the action of a uniform static overpressure applied cn the scil surface.
A computaticnal procedure was developed for predicting these contact oressures,
and a parallel experimental phase, which constituted the major effort in this
study, were conducted. The tests were designed to measure directly the radial
pressure on the cylinder interface. The primary variables investigated were
cylinder flexibility, cylinder compressibility, depth of sand cover, and magni-
tude of applied surface pressure. The approach taken in the analytical phase
wvas to analyze an idealized representation of the soil-structure system by a
closed mathematical formulation which assumed the soil to behave like a con-
tinuous, elastic medium. Simple modifications of the mathematical model were
introduced to make it represent more realistically a structural cylinder buried
in soil. The final distribution of stresses and displacements was computed in
a step-wise linear fashion over the pressure range to account for the nonlinesr
stress-strain relationship for sand. The experimental and amalytical results
were compared to each other and to previous semi-empirical recommendaiions for
the design of underground structures. It was concluded that the anslytical
formulation provides an extremely useful approach to the design of underground
structural cylinders in general.

APVL-TR-65-99 AD-621 145
BEHAVIOR OF FLEXIBLE UNDERGROUND CYLINDKRS

29(601)~6368: Massachusetts Institute of Technology, Cambridge, Mass.
September 1965

4]

An investigation was made of the "elastic” behavior and failure condition
of underground flexible cylinders with particular attention given to arching,
deformation, and buckling. The report presents no new data, rather draws
heavily from exporimental and theoretical work done in the part several years
in an attempt to arrive at a unified picture of the chosen aspacts of behavior.
Active arching was found to reduce the load acting on tubes buried at depths
up to several diameters in stiff soil by an aversge of 30 pearcent. On the other
hand, passive arching may subject tubas buried in coapressible s0il to loads
somsvhat higher than applied on the surface. Spangler's deformation equation
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vas modified to account for arching, latersl pressures, and variability of the
s0il modulus with pressure. Values of the modified modulus of passive soil
resistance, backcalculated by the new equation from tube deformation data, were
successfully related to the constrained modulus of the soil. A comprehengive
theory of buckling of underground cylinders is presented. It starts with the
previously derived theory for elastic buckling in the circular-symmetric tube-
soil configuration and extends it to cover (1) elastic buckling of an underground
cylinder, (2) inelastic buckling, (3) the effects of soil stiffness and presence
of water, and (4) buckling of corrugated cylinders. It proved possible to cor-
relate the soil modulus Ky controlling buckling to the constrained modulus M of
the soil. The theory agreed well with the few available data. More comparisons
with laboratory and field data are required, in particular to verify the values
of Ky and their relationship to values of M. Regardless of the exact value of
Kg, however, it was shown that for man- practical situations of underground

cili:dets the controlling mode of failure is buckling rather than compressive
yielc.

AFWL-TR-€65-104 AD-489 079
DEVELOPMENT OF THE UNIVERSITY OF NEW MEXICO SOIL STRESS GAGE

29(601)-6002: The Eric H. Wang Civil Engincering Research Facility,
University of New Mexico, Albuquerque, New Mexico

August 1966

U

The University of New Mexico soil stress gage was developed at the Eric R.
Wang Civil Engineering Research Facility, is fabricated of aluminum with a
modulus of approximately 10 x 105 psi, and weighs 2 ounces. The gage was
evaluated in a ceries of tests which included (1) full bridge and potentiometer
circuitry; (2) three types of calibration: hydrostatic calibration to 1,500 psi,
zero-cover calibration statically in soil, and zero~cover calibration dynamically
in soil; and (3) burial in soil containers of two different configurations for
static and dynamic testing at various depths from zero cover to 36 inches at
centerline and quarter point. The UNM gage was found capable of measuring static
and dynamic scil stress in a dense 20-30 Ottawa sand in field and laboratory
tests up to 2,000 psi. Static messurements within + 8 percent of the applied
pressure and dynamic measurements of + 10 percent of the applied pressure were
obtained.

AFWL-TR-65-115 AD-475 498
DIGITAL CALCULATION OF AXISYMMETRIC ELASTIC~PLASTIC GROUND MOTIONS

FROM NUCLEAR BURSTS

29(601)-5851: University of Illincis, Urbana, Illinois

November 1965

U

Mumerical solutions are pressnted to axially symmetric wave propagation
problems in elsstic and elastic-perfectly plastic solids. Us is wade of
mathematically consistent lumped parameter models in cylindrical-polar and
spherical-polar coordinates to obtain stiain relationships and equations of
motions; the latter are then integrated by a numerical technique. The material
behavior is specified by Roocke's law in the elastic range, the Prandtl-Reuse
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stress-strain laws in the plastic range, and Hooke's law in rate form for
unloading. Mises' yield criterion determines the point of yielding. Results

in the form of graphs are presented for the following problems: (1) directly
induced motions and stresses in an elastic-perfectly plastic half-space
resulting from a pressure applied to a semispherical cavity at the surface (two
different yield levels are considered); (2) motions and stresses in an elastic
half-space due to a moving surface pressure wave which simulates the air shock
wave emanating from a nuclear burst. A method and limited results are presented
for wave propagation in an elastic layered medium. By means of the lumped :
parameter mathematical model wave, propagation phenomena can be simulated in the |
elastic as well as the perfectly plastic range of material behavior. However, §
a finite rise time for input pressures is required since the method is of a
central finite difference character. Listings of the computer programs in
FORTRAN II are presented.

APWL-TR~65-116 AD-646 610
ENGINEERING CLASSIFICATION AND INDEX PROPERTIES FOR INTACT ROCK

29(601)~-6319: University of Illinois, Urbana, Illinois

December 1966

U

Physical and elastic properties of NX-size rock core from 27 localities were
investigated in order to develop an engineering classification system for intact
rock, and also to develop index properties related to important physical and
engineering characteristics. Thirteen rock types are represented. Laboratory
tests were conducted on these rocks as follows: unit weight, Shore scleroscope '
hardness, Schmidt hammer hardness, abrasion hardness, absorption, sonic-velocity i
stress-strain under cyclic loading to 5,000 psi, uniaxisl stress-strain to failure,
and point-load tensile strength. A total of 257 specimens with L/D ratios of
2:1 were tested. Statistical studies were conducted with the IBM 7094 computer
to determine correlation and regression relationships for selected pairs of
variables. A system of engineering classification is proposed in which rocks
are classified on the basis of their strength and modulus properties either
obtained directly from laboratory tests, or approximately from index properties
recommended herein. Application of the proposed engineering classification
system to data obtained by others is shown by individual charts for each of several
several different rock tvpes. Five charts are presented for estimating the
strength or modulus properties for intact rock from the numerical indices obtained
by either the Schmidt hammer, the Shore sclercscope, or the sonic pulse velocity,
all used in conjunction with the unit weight of the rock.
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APL~TR-65~122 AD-479 704
RESPONSE OF CYLINDRICAL SHELLS ENCOMFASSED WITH ISOLATION MATERIAL

TO A PLANE PRESSURE PULSE

29(601)-6112 and 6647: IIT Research Institute

February 1966

v

This research program was conducted to determine changes introduced by an
encompassing layer of isolation material (closed cell polyurethane foam) in the
response characteristics of a cylindrical shell tunnel model buried in soil and
subjected to a plane pressure pulse. During the course of the program the
response characteristics of nine different models, each having a steel she'l
5 inches in diameter by 42 inches long, were experimentally determined for a
12-inch depth of burial in dense Ottawa sand in the IITRI 4-foot-diameter dynamic
soil loader. The pressure pulse applied to the soil surface throughout the
program had a rise time of approximately 6 milliseconds and a peak of approxi-
mately 560 psi. The model parameters studied include shell stiffness, foam
thickness, and foam crushing strength.

fhe results of the study ladicate that the presence of an isolation layer
produces large reductions in the shell membrane forces in all instances and
large reductions in shell bending moments in those instances (stiff shells)
where significant moments are present with no isolation material., If the fcam
strength 1s such that a significant amount of crushing occurs, then shell defor-
mations are also substantially reduced. The analytic model developed in conjunc-
tion wvith the experiments permits reasonably accurate predictions of shell
vesponse. Of particular interest is the ability of the analysis to predict the
overall character of the model deformations and the large accelerations
associsted vith "ringing" of the shell in the elastic foam for cases where a
high strength foam exhibits little or no crushing. For low strength foams which
exhibit significant crushing, the analysis predicts the oacillatory character
of the model deformations and the decay of the shell accelerations with time aa
observed in the experiments.

APNL-TR-65~140 AD-625 458
TRACTURE OF GYPSUM PLASTERS AND CEMENT .ORTARS BY

DYRAMIC LOADING

29(601)~-6420: MNelpar, Inc., Falls Church, Virginia

December 1965

U

An sxperimental study wes made of influence of strain magiuitude and strain
duration on dynsmic fracture in uniaxial tension of low-strength gypsum plaster,
high~strength gypsua plaster, high early strength poriland cement mortar, and
ordinary portland cement mortar. Dynamic test specimens were circular cylindri-
cal bars with diameters rvenging from 0.9 to 1.2 inches and lengths rangfng from
18 to 58 ioches. Static test specimens 2 inches long were cut from the long
bars. A special loeding device, designed and constructed by Melpar, generated
a compressive pulve by longitudinal impact of two metal bars snd applied the
pulse to one end of the dynmsic test specimens. The compressive pulse was
reflected st the free end of specimens as & tensile pulse and csused fracture
{2 temsion at a section ncar the middle.
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Time from zero strain to maximum tensile strain varied from 10 to 35 micro-
seconds, and total duration of tensile strain varied from 20 to 430 microseconds
with few exceptions. All materials withstood tensile strains two to three times
the static fracture strain for short periods. The straining time required to
cause fraccure varied with strain magnitude.

AFWL-TR-65-141 AD-473 340
AN ANNOTATED BIBLIOGRAPHY OF PROTECTIVE STRUCTURES RESEARCH

In-house (R. A. Gurner)

September 1965

U

Summaries of research reports dealing with nuclear weapons effects on pro-
tective structures as well as with the analysis and design of such protective
structures are presented. These summaries are from reports published by the
Civil Eongineering Branch, Development Division, Air Force Weapons Laboratory,
and predecessor organizations from July 1951 to July 1965. The bibliography is
arranged in five sections. Section I contains edited abstracts of technical
memoranda, technical notes, technical reports, and technical documentary reports.
Section II gives a chronological listing of all undesignated reports and wespon
test reports related to protective structures published before July 1958.
Section I11 lists all designated reports by document number including title,
publication date, and classification. Section IV lists reports by subject area;
Section V gives a listing by contractor.

AFWL-TR-65-145 AD—480 048
STRUCTURAL BEHAVIOR OF RING SECTIONS UNDER NONUNIFORM

EXTERNAL PRESSURE

29(601)-6496: Mechanics Research, Inc., El Segundo, California

March 1966

U

The purpose of this research investigation was to develop practical sethods
of analysis and the resulting structural design recommendations on the behavior
of ring sections under a prescribed nonunifors external sressure distribution.
This pressurc distribution corresponds to that which is assumed to act normal
to an isolated tunnel or silc liner. The ring sections are constructod either
of materials vhich exhidbit an isotropic, homogeneous elastic-periectly plastic
stress-otrain relation, or of reinforced concrete. The "exact” two-dimensiounal
elasticity equilibrium solution in polar coordinetes was obtained as s basis for
predicting {ncipient material yieiding, and also in establishing the equilibrium
displacement vector required in the elastic stabiliry solution. Using these
results, a criterion for predicting the primary mode of failure (1i.e., b “kling
or gradusl yielding snd eventval collspse) is obtained. The method of limit
analysis is then applied to deteruine the collapse lcad. Post-elastic defor-
mstion relaticas for ring sections subject to this particular mode of failure
are derived based upon spproxisate plaasticity methods. Using the gross intermal
forces generated in the homogensous case, together with an ultimate refnforced
concrete section model (employing the so-called "WVhitmey™ rectangular concrete
compressive stress distribution), a nomograph is derived to detersine the
required reinforced concrete section properties (i.e., thicimess snd reinforcing
steel). In addition, shear and diagonal tension design reiations are cbtained.
Test techniques for the experimental verification of the theoretical findinge
vere aleo developed.
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AFWL-TR-65-146 AD-628 803
INVESTIGATION OF EQUATION OF STATE OF POROUS EARTH MEDIA

Stanford Research Institute, Menlo Park, Californis

February 1966

U

P —

Earlier experimental work has been extended to evaluate the effect of mois-
ture on the Hugoniot of playa. For engineering applications the Hugoniot of
noist playa can be predicted with sufficient accuracy from the Hugoniot of dry
playa and water and the assumption of pressure equilibrium.

Isentropic release data were obtained for moist and dry playa. The steep
release curve (in the P-\ plane) from high preasure implies an irreversible
phase change. Some low pressure data in the elastic-plastic region are presented.

A theoretical discussion of various forms of the Mie-Griineisen equation and
the physical basis of asymptotic statistical models is presented.

Shock stability is reviewed. Phase transitions in which AV ~ 0 are clas-
sified according to the signs of the alopes of the coexistence curves. Relative
slopes of Hugoniots and isentropes in the mixed phase region are calculated.

The results of the theoretical discussion are appiied to transitions in bismuth,
iron, and quartz. Agreement of values of dF/AT deduced from shock data and
measured directly are good for bismuth and poor for quartz and iron,

Calculations of spherical shock propagation in a hypothetical medium that
undergoes a phase change are presented. The calculations show qualitatively some
types of pulse shapes that may be expected in a transforming medium.

It is concluded that the proper treatment of phase changes 1s an cutstanding
problem in predicting equations of state for earth materials.

ARIT-TR-£5-156 AD-628 860
DEVELOPMENT OF CONTROLLED IMPYLSE TECHNIQUE FOR IN-SITU

TESTING OF ROCK

29(601)-64-P0-1G: U.S. Department of the Interior, Denver, Colorado

Pebruary 1966

U

Object of the work is developsent of equipment and techniques for transmis-
sion of nondestructive, reperitive, stable, closely controlled~shape sonic pulses
through varicus types of rock in place. Rock masses tested were granitic gneisa
schist, potash rich salt beds, and porphyry-copper ore. The tests messure some
physical properties of a rock mass over various periods of time. Sonic pulses
ars produced by electronically excited, piezcelectric-cersmic transducers noused
in transmitter and receiver units. Electronic pulses for transducer excitation
ure generated by transistorized bsttcry-powered pulse generators. Output from
racaivexr units {or gasphoues), smpliified by transistorized preamplifiers, is led
ints & portable transistorised oscilloscope triggered by the electronic pulase
gensrater to display the signal. Various models of transmitter and receiver
uaite differing in size, weight, and manner of insertion into boreholes in rock
are described. Two modals of electronic pulse generators snd & recefving unit {
preamplifier are described. With exception of the oscillcscope, all major equip-
mant compouents were developed by U.S. Bureau of Mines facilities. Transmission
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distances attained varied from 55 feet in strongly hydrothermally altered
porphyry copper ore to 1,373 feet in sylvitehalite. Data obtained could be used
to compute dynamic moduli of rigidity and elzsticity. Under proper conditions,
data were obtained that revealed development or presence of permanent rock-
structure damage.

AFWL-TR-65-160 AD-801 487
NONLINEAR STATIC ARCHING FOR VERTICALLY BURIED PRISMATIC STRUCTURES
29(601)-6002: The Eric H. Wang Civil Engineering Research Facility,
University of New Mexico, Albuquerque, New Mexico

August 1966

U

This research was both theoretical and experimental in scope. The theoreti-
cal section analyzes the method by which static arching problems invulving non-
linear, verilcally burie’, prismatic structures and nonlinear mediums may be
handled when, first, a condition of no failure occurs. A theoretical solution
i8 presented which tounds the admissible range of arching factors by assuming,
second, a condition of complete failure of the medium. Good experimental agree-
ment was obtained in the no~failure tests, and it was also shown by experiment
that the complete-fallure theory gave adequate bcunds to the arching factor at
relatively shallow depths of burial and relatively high overpressures. A third
condition, local failure of the medium in the vicinity of the ends of the struc- ;
ture, was shown to be possible in pagsive tests. This was demonstrated both by
quantitative arching data and by photographs from testg in layered sand. It was
shown that the no-failure theory gave an upper bound to the arching factor in a
problem involving local failure. The problems of the floating structure and the
rigidly mounted structure were both studied. All tests were conducted in 20-30
Ottawa sand, predomin. ntly dense, although some tests in loose sand were included.
All tests were includeu. All tests were on right-circuiar cylinders. Other
variables included depth of cover; diamter, height, and stiffness of structure;
and overpressurc level. It is suggested that the results of this study would bde
useful in the design and analysis of protective-type structures and acil stress
or strain gages.

AFWL-TR-65-161 AD-627 138
EXPERIMENTAL STUDY OF STATIC AND DYNAMIC FRICTION BETWEEN

SOIL AND TYPICAL CONSTRUCTION MATERIALS

29(601)-5204: Purdue University, Lafayette, Indiana

December 1965

U

A report is made of research carried sut at Purdue Universit: to determine,
on the basis of laboratory aeasurements, the coefficient of friction between two
sands of different gradation (one with angular and the other with rounded
particles) in contact with portland coment mortar, ateel, teflon, and graphite.
In the static tests, loads were applied at a uniform rate until slip occurred
in approximately 5 minutes. Dynasic loads were spplied ty means of a shock tube,
vhich produced a step~like forcing function; slip usually occurred in approxi-
sately 2 milliseconds or less. It vas found that the coefficients of friction
depeni on the relstive size, shape, and surface roughness of the sand grains
with respect to that of the surface in question; when the sliding surface is
"rough" in compariscn with the sand particles, the coefficieat of frictinn
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approaches the cvoefficient of internal friction of the sand., Both graphite and
teflon serve as friction reducers, compared to the slain surfaces, irrespective
of the rate at which slip ie initiated. For plain steel or cement mortar, the
dynamic coafficient of friction was greater than the static coefficient of
friction by about I5 percent. unless the static coefficient was such that sand/
sand slip was approached, The angle of shearing resistance of the sand thus
provides an upper limit to the coefficient of wall friction at all rates of
loading.

AFWL-TR-65-176 AD-482 661
AN INVESTIGATION OF THE DYNAMIC BEHAVIOR OF A PARTTALLY SATURATED

SILT WITH APPLICATIONS TO SHOCK-WAVE PROPAGATION

29(601)-6002: The Eric H. Wang Research Facility, University of New Mexizo,
Albuquerque, New Mexico

May 19€6

1)

Computations relating to wave propagation through scil are dependent on
adeyuate methods of determining the necessary dynamic scll parameters., Te study
meihods of obtaining these parameters, static and dynamis, one-~dimensional compres-
sion, triarial, and red-vibration tests were performed on silt epecimens compacted
at moisture contents of 8, 12, and 14 percent. The initial static pressure was
varied t¢ simulate an increase in genstatic strees with depth. Pressures of
15, 45, 75, and 100 psi were used as initial static surcharge pressurez in the
dyuaric, one~dimensional tasts, and as confining pressures in the triaxial tests.
The ro- ’t3 are presented in the form of stress-styain aud modull plots with
comnarisons between the various test methods. Basad on experimenmial results,

a model was proposed for representing the stress-strain relationship of soils
during loc%ing behavior, This model, tugether with the equaticn of momentum and
the shock condition, was used to develop the eguations governing stress actenus~
tion, shock-front velocity, and shock loczrion in = norlinear medium. A para-
metric study of str . attenuation with depth was conductad tc illustrate the
signiiicance of the method of analysis.

AFWL-TR~65~178 AD-483 472
STRUCTURE-MEDIUM INTERACTICN IN A NRONELASTIC MEDIUM

29(601)-6689: Science Enginesring /Associates, San Marine, California

May 1966

U

The interaction of a plarce dilatational wave with a circular cylindrical
inclusion buried in elastoplautic madium is studied. The cylindrical inclusion
is rigid and stationary and of infinite lergth. The surrounding elastoplastic
medium exhibits a bilinear stress-strain v !ationship cuncave towerds the strain
axis. The incident plane dilatational wuve travels in & dlrection perpendicular
to the axis of the cylinder and has the form of a step wave. The magnitude of
the wave is such that the stresses behind the atap correspond to ylelding of the
medium. This will cause yielding in the medium &8 the wave is reflected cff the
cylindrical obetacle, using Kirchhoff's terms of surface and volume integra!l
equatiorg. These equations are solved by means of finite-difference approxima-
tions of the integrals. A computer program was written to evaluate the boundsry
stresses as the incidenc wave engulfs half of the cylindrical inclusionms.
Numberical results obtained for wave front etiesses show excellent agreement with
those obtained using high-frequency wave fiont analysis.
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AFWL-TR-65~180 AD-630 752
A STUDY OF THE PROPAGATION OF STRESS WAVES IN SAND

29(601)--6002: The Eric H. Wang Research Facility, University cf

New Mexico, Albuquerque, New Mexico

March 1966

U

The propagation of near-failure, scuft-fronted stress waves in 5-foot-long,
l-inch-diameter, unconstrained rods of dry 20-30 Ottawa sand is studied. Tae
input is created by a shock tube, modified to yield soft-fronted, long~duratios,
air-pressure lcadings., Primary data are displacement-time nistories from seven
stations along the rod, read by light-sensing gages designed for negligible
inertia and friction; secondary data are stress-time hilstories st the input and
the rigidly held reaction ends. Static, dynamic, and additional static triaxial
data are given, Varilables are applied ambient stress and sand density. From
findings that the material is strain-rate insensitive sad follows Coulomb's
failure law at subfailure stresses, the following observations of wave-propagation
parameters for above-seismic stresses and a specific mwaterial condition have been
made: (1) wave and particle velocities depend on the one-half power of ambient
stress; (2) all energy densities depend on the first power of ambient stress;
and (3) energy partitioning and reflection are independent of ambient stress.
Effects of density on wave-propagation parameters for the sand and the variables
studied are that (1) all increase with increasing density, (2) some are speci-
fically linear on density, and all can be taken as such for engimeering purposes,
and (3) waveform parameters are much less sensitive to emall erzors in density
than are static parameters. Also shown: (1) reflections of stress from rigid
boundaries can be estimated for nonlinear materials; and (2) correlation between
seismic velocity and triaxial strength exists, provided there is a power-~function
relationship between seismic velocity and ambient stress and the material follows
Coulomb's law.

AFWL-TR-65-19]1 AD-478 879
MULTICHARNNEL TIME-OF-ARRIVAL INSTRUMENTATION SYSTEM

In-house (Michael Robinson)

February 1966

U

To £111 the Air Force's need for a low~cost~per-channel instrumentation system
to accuratelv measure the propagation cf scil stress waves, an experimental
6-channel Time-of-Arrival system was developed by the Research Division of
General American Transportation Corporation. Upon delivery of this prototype
system to the Air Force Weapcns Laboratory, an evaluation program was initiated
to determine ite feasibility. Because of the success of the prototype system a
100-channel system was constructed by the AFWL. This upgraded system was used
successfully in a simulated nuclear test experiment at Kirtland AFB, New Mexico
oti 15 December 1964.
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AFWL-TR-65~201 . AD-479 427
PRELIMINARY INVESTIGATION OF STRUCTURAL PROPERTIES OF STABILIZED

PRESSED EARTH BLOCKS

In-hovze (K. B. Kent and R. A. Gurner)

March 1966

U

| A preliminary investigation was made of the engineering properties of pressed
earth blocks manufactured in a manually operated block-making machine. Different
admixtures were tested using Type 1 (normal) portland cement, Type 3 (high early
strength) portland cement, mascnry cement, hydrated lime, SS-KH and RS-KH asphalt
emulsions, Coherex, aggregates, and various combinations of these mixtures. Com-
pressive strength and stress-strain characteristics of the blocks were determined.
Tests were also conducted on the absorption and moisture content of the different
percentages of admixtures. Nine 4-foot by 4~foot wall panels were constructed
using the various combinations of additives, and tested with .30-caliber,
+50-caliber, and 20-millimeter weapons to evaluate resistance of the blocks to
penetration by small arms fire. The results obtained indicate the blocks may be
used in any construction where compressive strength and mass density are ccntrol-
ling criteris.

APWL-TR-65-202 AD-476 431L
DEVELOPMENT AND TEST OF AIRCRAFT PROTECTIVE REVETMENTS

In-house (D. D. Piepenburg)

December 1965

U

The results of testing aircraft protective revetment wall panels are pre-
gented. Four revetment walls were constructed from timber, stabilized earth
blocks, plain and stabilized sandbags, and cement blocks. These walls were
tested with ground-fired conventional weapons including a 30-caliber rifle, a 50~
caliber machinegun, and a 20-millimeter cannon, In addition, the walls were
tested with statically detonated 8l-millimeter and 4.2-inch mortar rounds. All
four test walls prevented the perforation by 30-caliber, 50-caliber, and 20~
millimeter emmunition. The test walls also prevented the perforation by shrapnel
from 8l-millimeter mortar rounds deionated at ranges of 20 to zero feet from the
face of the walls and from 4.2~inch mortar rounds detonated at ranges greater
than zero feet from the walls, Only the timber wall withstood the detonation
of a 4.2-inch mortar in contact with the face of the wall.

AFWL-TR-65-204 AD-486 712
THEORY FOR VISCOUS SHOCK ATTENUATION IN DUCTS BASED ON THE KINETIC

THEORY OF GASES EXPERIMENTALLY VERIFIED TO A SHOCK STRENGTH OF 68
29(601)-6002: The Eric H. Wang Research Facility, University of

New Mexico, Albuquerque, Mew Mexico

July 1966

/]

Ar. equation for the viscous attenuation of shock-front pressure in smooth-
wall ducts is developed utilizing simple concepts from the kinetic theory of gases.
This attenuation equation is presented in four forms to show its dependence on
the dimensionless products, shock strength, dynamic pressure ratic, Reynolds
aumber, and Mach number. The equation is used to obtain an expression for the
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shear stress imparted to a surface by the passage of a shock iront. Tests per-
formed with a high-pressure, combustion-driven shcck tube to a shock strength of
68 show very good support for the atienuation equation and the kinetic-theory
approach to its derivation. A rough-wall theory, previcusly developed by the
author and experimentally verified at low-shock pressure, is substantiated at
high~shock pressure and found to be consistent with the kinetic-theory approach
to viscous attenuation. Some of the teste necessitated the use of peaked shock
waves which, in addition to viscous attenuation, exhibit attenuation by wave
expansion. Therefore, a wave-expansion theory, previously developed by the
author, was used and is consequently found tc be applicable in the high~shock-
pressure as well as the low-shock-pressure range.

AFWL-TR-65-206 AD-478 980
AIRCRAFT CHARACTERISTICS FOR AIRFIELD PAVEMENT DESIGN AND EVALUATION
In-house (R. B. Kent)

March 1966

U

Aircraft characteristics data are presented for use by civil engineers in
the layout, design, and evaluation of airfield pavement systems. Aircraft dimen-
sions, pertinent gross weizhts and performance data, and landing gear configura-
tions are presented in convenient reference tables.

AFWL-TR-65~207 AD-533 887
SOIL STRAIN GAGE INSTRUMENTATION

29(601)-6410: 1IIT Research Institute

April 1966

U

Soil strain gage instrumentation was developed for the measurement of static
and dynamic strains when embedded in soil. The gage is suitable for both labora-
tory and field application. The strain sensor consists of two mechanically
uncoupled flat-coil disks which are embedded in the scil in near parallel and
concentric orientation. The remainder of the gage comprises an identical set
of coils pesitioned external to the soll as a standard refevence, speclally
designed electronic driving, amplifying, and recording circuitry, and a pre-
cision micrometer coil mount. Soill deformations are determined by the resulting
change in spacing of the embedded coil disks sensed as changes in mutual coil
inductance. The gage 18 a relisble precise measuring device which is well suited
for the measurement of strain in soil.

AFWL-TR-65-211 AD-484 830
CALCULATION OF UNDERGROUND AND SURFACE EXPLOSIONS

29(601)-6400: Physics International Company, San Leandro, Cslifornia

June 1966

U

A calculational program is described which has been directed troward prediction
of shock strength and ground motion resulting from chemical or nuclear explosions
contained in or on the surface of geologic materials. Two-dimensional time-
dependent computer codes have been developed that can be applied in the high
pressure region near the explosive source where violent distorticn develops, as
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well as in lower pressure regions vwhere material strength is important. Equations
of state have been used that take into account the irreversible compaction of
porous materials and also the contribution of internal friction to shear strength.

. Calculationa are repoxted of TNT explosions at the surface of limestone and buried

in & layered scil.

AFWL-TR-63-224 AD-629 607
SIMULATION DEVICES FOR USE IN STUDIES OF PROTECTIVE CONSTRUCTION

In-house (J. A. Mahoney)

February 1966

U

Tnis report contains information on dynamic loading simulation devices that
were either degigned or cculd be modified for use in studies of protective con-
struction. The information includes the following items: (1) the type of
device, (2) the owner andlocatioan, (3) the loading characteristics, (4) the
physical description, (5) the driver used, and (6) a short discussion concerning
the device and its preseant use. Pictures and diagrams are also furnished for
the majority of the devices.

AMWL~TR-66-4 AD-377 112L
HARDENED COMMUNICATION CABLE SYSTEM COMPONENT TEST PROGRAM

In-house (John F. Flory, R. H. Atkinson)

July 1966

s

A series of five tests was performed on typical hardened communication cable
system components using the High Explosive Simulation Technique. The components
which vere tested are typical of those employed in the Hardened Intersite Cable
System used in the Minuteman system. The Type VI Channell splice case, the AMF
splice case, and the ATI splice case were tested on typical cable splices. The
faciiity interface damper and the facility interior clamp were also tested.

The test preparations and test results are described in detail. Recommendations
are made concerning the design and installation of splice cases and other
components.

AFVL~TR-66-19 AD-485 510
THEORY AND STRUCTURE OF THE AFTON CODES

29(601)-6583: Nortrcnics, A Division of Northrop Corporation, Newbury Park,
California

June 1966

u

A procadure for writing finite differsnce analogs of the principles of
continuum mechanics is presented. The method leads to analogs of the integral
statemects of mass and momentum conservation, and the first law of thermodynamics,
which are exact undar two éimple discretization assumptions, and vhich imply an
exactly conservative finite difference aquation for the total energy. The method
and the equations vhich follow from it apply to general systems of continuous
media, hydrodynamic or otherwise. The finite difference equations form the basis

C-64




AR N S o# ShaSm se b e s

T IR BRI DR - R A RTS o 1 Pk AR ST s P

ri e s Ae st am———

of a set of computer codes for the calculation of motion described by one and
two spatial coordinates. The codes permit the use of arbitrary time-dependent
coordinate systems to solve specific problems.

The AFTON I code, which deals with linear, cylindrical, and spherical ore-
dimensional systems, has been expanded to include general stresses and strains.
Some preliminary attempts have been made to define an optimum coordinate mesh
to describe continuum motion, and specific problems have been solved by AFTON I
using these coordinate systems. For spherically divergizg waves in an elastic
medium, the solutions obtained have been more accurate than those given by
numerical Lagrangian methods with the same number of mesh pointg, although some
shock front erosion is evident, apparently as a result of deficiencies in the
coordinate systems employed.

AFWL-TR-66-21 AD-482 053
A GEOMETRICAL METHOD OF STUDYING WAVE PROPAGATION THROUGH REAL

GEOLOGIC LAYERED MEDIA

In-house (H. F. Cooper and J. J. O'Kcorick)

April 1966

U

The data from contained nuclear and high-explosive experiments in geologic
media are used to obtain the peak particle velocity as a function of the cross-
sectional area of an infinitesimal tube of rays originating at the source (this
area 1s proportional to the square of the range). It is then assumed that this
function 18 a general relationship of which the spherical geometry iz only a
speclal case. Layered media are then studied by geometrically constructing the
relationship for the area of the infinitesimal tube of compressionzl rays trans-
mitted through the int:rface. For lack of something better, the transmission !
coefficient at the interface is taken from the theory of elastic wave propagation. !
The method currently treats only the transmitted compressional wave, but it may
be extended to treat other waves produced by the interface. Two parametric
studies involving a tuff-granite interface are made to demonstrate the method.

A l-kiloton source is placed at distances between 20 and 200 feet frcam the ’nter-
face in the tuff and granite. One interesting result is a knee in the pesk-value
velocity profiles in the tuff for the source in granite. Thus, the velocities

at points off of the vertical passing through the source may be higher than the
velocity at the same depth directly under the source, (The FORTRAN listings for
the programs developed are given in the appendix.)

AFWL-TR-66-39 AD- 489 248
DEVELOPMENT OF AN UNLINKED LOKG 3PAN STRAIN GAGE

29(601)~6810: IIT Research Institute

September 1966

U

Measuring the relative displacement of widely seperated points in soil is
becoming increasingly important in determining the effects of overpressure and
shock upon the soil. Present capability involves the use of linked gages. This
program wvas concerned with detcrmining the feasibility of developing unlinked
gages to measure the displacement. The unlinked concept involves the transfer
of energy between the extremes of a vertical hole in the scil. Techaniques studied
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were electromagnetic, acoustic, and optical. Both a waveguide technique and
transmission through soil were investigated on a theoretical basis. Each appears

_ to be capable of performing the desired measurement if certain environmental

conditions are met; e.g., deformation of the hole must be restricted for the wave-
guide technique. The direct energy propagation through soil is limited to ranges
less than one-~half that desired because of losses in the soil. Of the low and
high frequency ultrasonic methods studied, the most promising appeared to be the
low frequency transmission. Results from experimental investigations of this
gystem indicate that it can be made to perform adequately on a static basis but
the dynamic performance will be limited by environmental noise. A possible tech-
nique for reducing this noise level 1s presented, but field tests will be neces-
sary to prove its capability. It is recommended that the waveguide technique be
further developed in the laboratory and the effects of deformations expected in
the field be determined.

AWL~TR-66-47 AD-804 472
DEVELOPMENT AND EVALUATiON OF PROTECTIVE REVETMENTS

In-house (D. D. Piepenbu:;)

November 1966

U

Revetment wall sections conmstruction from soil-cement, steel-sheet piling,
corrugated asbestos, and fiberglass were evaluated for their effectiveness in
providing protection to parked aircraft and equipment against the effects of
conventional weapons. The results of this evaluation program indicate that the
soil-cement wall prvided protection against small arms ammunition, mortar rounds
statically detonated at elevations less than 12 feet and at any range, 3.5-inch
High Explosive Antitank (HEAT) rockets, and shrapnel resulting from the detona-
tion of & 750-pound bomb 10 feet from the wall. The steel sheet piling wall
provided perforation protection against 30-caliber ball ameunition only, but may
result in untrapped ricochats on the front face of the vall. Fifty-caliber and
20-millimeter ammunition and mortar rounds caused perforations in the piling,
produced secondary projectiles, untrapped ricochets, and shrapnel on the fromt
face of the wall, and spalled the sheet piling, producing shrapnel snd secondary
projectiles on the rear face of the wall. The fiberglass wall provided protec-
tion against small arms samsunition and mortar rounds statically detonated at
elevations less than 11 feat and st say range. The fiberglass wall did not pre~
vent the perforation of the core from a 3.5-inch HEAT rocket. The corrugated
asbestos wall provided protection against 30-caliber and 50-caliber amsunition.
Twventy-aillimeter smmmition and 3.5-inch HEAT rockets did considerable demage
to the wall.
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AFWL-TR-66~50 AD-489 011
INVESTIGATION OF SLASH X-RAY TECHNIQUES IN SOIL DYNAMICS

AND INTERACTION PROBLEMS

29(601)-6002: The Eric H, Wang Civil Enginecering Research Facility,
University of New Mexico, Albuquerque, New Mexico

August 1966

U

This research was conducted to assess the utility of flash X-ray techniques
in soil dynamics studies. Areas where these techniques should be successful,
their limitations, and the type of information to be expected from them are
discussed. Static and dynamic tests were conducted on soil samples of various
thicknesses and densities, and on buried structures of various dimensions using
the Zenith Radio Research Corporation Model 1454 Flash X-Ray System. Initial
tests defined the proper techniques to record pictures under optimum conditions
of exposure, scatter elimination, and sample size and density. Final tests
showed that qualitative information could be collected on certain loose soils and
that interaction problems could be designed to yield large deformations. Soil
thicknesses of over 5 f-ches could not be penetrated satisfactorily by the Zenith
Flash X-Ray System. However, recent preliminary tests (June 1965) with a 300-kv
Field Emisgsion Corporation field-emission X ray were made through 8 inches of
soil. It was concluded (1) that direct recording on film instead of using an
image intensifier provides better contrast, field of view, and resolution, but
problems of intensity and film tramsportation are great; (2) that more refined
techniques and improvements are needed to collect quuntitative information; and
(3) that the inadequate state of the art in multiple flash X rays at the time
of this research limited their utility in soil dynamics. Further investigation
is recommended based on recent and significant developments in field-emission
X-ray-type systems.

AFWL~-TR-66-51 AD-489 311
PIEZORESISTIVE SOIL STRESS GAGES

29(601)-6628: TIIT Research Institute

September 1966

U

A study was conducted to review the characteristics of ava‘lable piezo-
resistive materials and evaluate their suitatiility as tranaducers for soil stress
gages. The scope waz limited to gages for measuring one component of static
and dynamic freefield stresses. Three concepts were considered theoretically:
(1) piezoresistive strain gage elements mounted on a deflecting diaphragm,

{2) solid plezoresistive elements in direct compression, and (1) solid piezo-
resistive beam elements subjected to bending. Gages were designed and fabricatad
to test each of these concepts. The most satisfactory overall results were
obtained with the diaphregm gage. Pour such gages vere delivered to AFWL in
fulfillment of the contract requirements. The cowpression gage has merit, but
there remain many fabrication problems to be overcome. Purther effort will be
required to develop this concept. The beam gage does not appear as practical

as the other types. A systematic study of the behavior of diaphragm gages in
soil is one of the most important activities that ueeds to be undertaken.
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AMWL-TR-65-54 AD-803 631
PHOTOELASTIC STUDY OF WAVE PROPAGATION

29(601)~6696: 11T Research Institute Technology Center, Chicago, Lllinois
October 1966

U

This research program vas conducted to study some fundamental aspects of |
wave propagation in layered media and to obtain information on the dynamic state
of stress in the vicinity of a point source explosion. The experimental method
selected for the program was dynamic phkotoelasticity. A Cranz-Schardin multiple
spark camera was used to record the dynamic isochromatic fringe patterns asso-
ciated with the stress waves. Columbia Resin CR-39 was used for most of the
models. Small lead azide charges were used to load all models. In the study
of the effects of interfaces on stress wave propagation a wmodel with an acousti-
cal impedance mismatch of 6 to 1 was used for most of the work. In this model
six different wave types vere clearly identified. Three of these waves were
headwaves. In the region near the source the predominant waves were the incident
P, wave and the reflected P\S, waves. In regions away from the source the head-
vaves douminate since their rate of attenuation is much .lower than the rate
associated with the incident and reflected shear waves. The resulte from the
models with an explosively loaded cavity indicate that a high inteunsity shear
vave is produced as the cavity fractures. The stress distribution in this wave
depends upon the manner in which the fracture forms. For the spherically sym-
metric model, the fracture is a random process; therefore, a unique solution
for the stress distribution csnnot be obtained.

AFL-TR-66~56 AD-801 912
STRESS WAVE PROPAGATION IN CONFINED SOILS

29(601)-6717: 1I1IT Research Institute Technology Center, Chicago, Iliinois
October 1966

v

Phenonena involved with the propagation of air-induced strecss waves in soil
were investigated in experiments on Bdgar Plastic Kaolin (EPK) clay and Ottawa
sand. The principal soil variables were mcisture content snd density in the case
of clay, and density in the case of zand. The soil specimens were loaded with
overpressures in the range of approximately 50 to 300 psi. Two overpressure
wave shapes were used, one vhere pesk ovsrpressure had a dwell time of approxi-
aately 1 msec and the other vhere peak overpressure had sssentially a zero dwell
time. Stress-tims snd strain-time relaticuships were measured at various pointa
along the length of the specimens. Peak stress attenuation, strain and strain-

rate relationships, propagation velocity, changes in vave shape, and stress-strain .

relationships are discuseed in the light of the data obtained. Experimental data

are compared with theoratical predictions of a linear hysteretic model in the ?

cese of Ottawa sand, and a constent tan 4 viscoslastic model, in the case of the
EPY clay. It was found that in both cases the theories could be used to predict
the experimeantsl results with proper svaluation of critical attenuation parsmeters
to be input with the theories.
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AFWL-TR-66~57 AD-800 185
FEASIBILITY STUDY FOR USING SULPHUR-AGGREGATE MIXTURES AS A

STRUCTURAL MATERIAL

29(601)-6844: Southwest Research Tastitute

September 1966

U

This study represeunts the first sysctematic approach ever undertaken to
determine the technical feasibility of using sulphur combined with verious types
and sizes of natural and crushed sggregates as a structural matecial. In this
program, the enginsering properties of sulphur conbined with the various single
aggregate gradations were determined. ¥ollowing this, the engineerirg proper-
ties of mixtures of sulphur °nd fine and ccarse aggregates were determined.

High early strengths in the range of 4,900 to 6,500 psi in comprezssion were
obtained when using a phvsically poor aggregate such as limestone. The mixtures
were studied for workability, and a mix design was prepiared such that, in the
future, by referring to this mix design, preportions of matevizls may be selec-
ted at wiil.

It was demonatrated titst sulphur~aggregste concrete can iidesd be loocked upon
as a structural material possessing & variety of outsténding characteristics
including simplicity of formulation, wase of preparation, insensitivity o
ambient temperature conditions, and high early atrsagths. In sddiion to this,
these mixtures are iow in cost snd have Che putential of being broken up,
remelted, and used again upon completion of their useful life in a given
apvllcation. : .

AFWL-TR-66-59 AD-375 983L ~AD-375 983L
STATISTICAL DESIGN FROCEDURES FOR SHOCK ISOLATION SYSTEMS

29(6013~6788: Technelogy Incorgorated, Rayton, Chic

‘September 1966 '

cecret~RD ‘

Promt the enzlysis of accelarstion-time histories of vertical. earth sntion,
& statistical desigy procedurs for shock inclation wystems ix undérgroumd pro-~
tective ctiucturss was evolvzd. Data ylelding the :ime histories were collected
- duripg past simvepheri- wuclear tegta conducted by the United States ac Revada
and Eniwetok. Thewe data provad to lack both statimaarity end argodicity. After
statistical propsriies had been dedussd from a spuclally prepered nornaiizatica
technique, they vere atilized to dgvelop & atep-by-dtep prousdure fgr he desxgn
of single degree-of-friedon undergroumd systoas,

APWL-TR-66-63 | . AD~378 9TSL
EFFECTS OF SOURCE GEGHET!X o ibRSCT*IRD&CEﬂ GYOURR NDTi“?S - o

In~house (J. J. O'Kobxiek‘ L ‘ _ c -

January 1967 . : i

g

The feasibility of knctcnning o,rdﬁthaﬂuc«n 3!&&&4 mat&ano by "hﬁnging tha
gecwetry of an esergy source wvas siudisdg. ¥ ihé sourze tan geperste shock waves
that are more planar thsx spherical, then granad abt*nﬁ stteguation duwe to spa
tial dispersion cau be reduced. pra inenttl and h&or&tigﬁl progra were
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conducted to investigate tuls possibility. The experimental program consisted

of three field tests, two using disc-like charges and one using a spherical
charge. Each of the charges weighed six pounds and were fabricated from flexible
sheet explosives containing PETN. The charges were placed on the :rface of a
pit filled with Ottawa sand. The sand was instrumented with soil stress,
particle velocity, and accelercmeter gages, most of which were vertically
oriented. Experimental results indicated that the disc~like charges reduced
geowetric attenuation, but that the ground motions from the spherical charge
were higher down to a vertical stress of 110 psi due to greater emergy coupling.
Theoretical models were develcped for a thin circular and a finite spherical
energy source. These models could not ke used to obtain quantitative resulcs,
but did indicats that ground motion attenustion was less for the circular source.
A normalization techriique was used to correlate the theoretical curves with the
experimental data and gocd correlation was obtained. It is concluded that a
disc-like energy source i less effective than 1 spherical source because a disc-
like source can, at best, produce higher vertical ground motions in a very
limited regiom.

AFWL~ [R-66~-51 AD-816 183
RESPONSE OF CLAY TO SHOCK LCADING

29(601)-65610: Purdue University, Lafayette, Indiana

June 1967

)

Axisymmetric, compressional shock weves with initial rise times and peak
stresses lesa than (.1 millisecond and at least 1,000 psi, respectively, were
propagated th.ough a comoacted clay soil by detonating an explosive cord along
the axis of the sample. Fiezoelectric stress gages and spcol-type strain gages

esbedded within the soil measured stress and scrain with time and radial distance.

Measurements were made in all three princinal directions except that strain
measurenents could not be obtained in the a :ful direction. Both the incident
and peak stress wave velocities were found 2o be independent of radiasl distance.
The rate of peak stress attenuation was grezater than that which could be attri-
buted to geowmetric attenuation In an elastic medium. Tensile stresses were both
obszerved -nd computed in the radial, tangential snd axial directions. Mea:. red
strains in the radis] and tangential directions showed a significant time lag
betwveen peak stresses and zesk atrains.

AFVWL-T2~66--8) AD-4B9 889
GERYRATION OF AN ELASTIC WAVE BY QUASI-STATIC ISENTROPIC EXPANSION

OF A GAS IN A SPHERICAL CAVITY: COMPARISON 3EIWEEN FINITE DIFPERENCE
PREDICTIONS AMD THE ¥XACT SCLUTION

In-houss (H. P. Cooper)

Septembar 1966

r

The exact solution is obtained for the spherical wave generated by the
quasi-static expansion of a "gamma law" gas that fills s spherical cavity com-
tained {n an elastic wadium., The rasults from several parasetric studies
involving the particle velocity, the stressex, the “hydrodynamic" presscre, enl
the stress deviators are presented. Results from a typical Lagrangisn finice
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difference technique are compared with the exact theory in order to estimate
errors that may exist when these techriques are used to calculate numerical
solutions for problems that have no exact solution.

AFWL-""-66-84 AD-800 265
USE OF DISTORTED MODELS IN THE STUDY OF DYNAMICALLY LOADED

UNDERGROUND STRUCTURES

293(601)~6797: Iowa State University of Science and Technology, Ames, iowa
October 1966

U

An experimental investigation on the use of small scale modeis to predict
the dynamic response of underground structures is described. Eariier studies,
using dry sand as the soil cover, indicated the feasibility of this approach.
However, for naturally occurring cohesive soils, significant distortion between
observed model and prototype response was expected. In the present investigation
four geometricallv similar models were tested in four naturally occurring soils.
Tao of *he solls were classified as silty loam, one as clay, and one as silty
clay. The soils varied in clay conteant from 16 percent to 47 percent and the
woisture content was approximately 15 percent. The models used were hollow
aluminur cylinders, ranging in diameter from 1 inch to 8 inches. Each cylinder
was instrumented with a strain gage and an accelerometer. Dypamic loads were
applied with a drop-weight loader, and complete strain-time and acceleration-time
curves at several different depths of burial were measured. The results of the
test program clearly show that significant distortion is present; accurate pre-
aicticus cannot be wade without accounting for the distortion. A method is
deve’oped for the use of distorted models and it is shown to correlate the data
satisfactorily.

A¥WL~-TR~656-95 AD-822 085
SIMULATION OF AIRBLAST-INDUCED GROUND MOTIONS PHASE IIA

In-house (J. L. Bratton and H. R. Pratt)

Cctober 1967

U

The results of the Phase IIA, High-Explosive Simulation Technique (HEST)
experiment are presented in the form of reduced dats. A comprehensive analysis
is not presented, although irregularities in the data are discussed. The experi-
ment simulated airblast loading from & nuclest burat dby detonating a contslaoed
Primacord matrix over a plan area 88 feet by 100 feet. The peak overpressure
vas 598 psi, the total impulse 19.25 psi-sec, the total duration vas 172 msec,
and the shock front velocity was 5640 feet per second. Messurwsents =f free
fleld stress, strain, particle velocity, particle acceleration, time of arrival
of the vave front, and long span displacement vere made. These data are presentsad
as plots of pesk values and time histories.

C-71

s,




e R N I LT AU B 2 s - o Ve

APWL,~TR-66-86 AD-381 6311
STRUCTURAL RESPONSE OF A HARDENED UHF ANTENNA (437B-4)

In-house (R. H. Atkinson) Cowbined eifort with

Uaiversity of New Mexico (CERF) (G. Triandafiledis}

April 1967

S

Thia report documents an investigation t¢onducted by the Civii Engiusering
Branch, Air: Forr2 Weapons Laboratory, on the overpressure and grouad shock
loadirg, dymamlc response, and hardness of the 437B-4 hardenad UHF anteana.

The investigation conzisted of a HEST (High-Explosive Simuliation Technique)
experiment, static strength testing, and theoretical studies. An experimentezl
door clesure device and a model air intake structure were 2ls¢ included In the
HEST test. The HEST experiment provided an applied overpreasurz and an input
ground motion to an instrumented operational 437B-4 antemna. Free-field inatru-
mentaticn was provided to measure the imput loads to the szntenna. Inszyumentu-
tioa of the cuncrete foundation and various parts of the satenns was provided

to measure the resulting dynawmic respoms2. In addition, VSWR (veitage standing
vave ratio) mtasurexments weve conducted before and after tha HEST test to
determine any change in the operating efficiency of che actanna resulting from
the glast and ground sheck loading. The static test program Investigated the
stiffuess and failure levels associated with verticul and herizovtal motions of
the tranemitfting probe. The amalytical etudles predicted the structural response
under the HEST loading and extended the HEST results te the nuclear lcading.
Conclusions were drawn regarding the valicdiry of HEST as applied to testing

this type of structure and the nature of the anteana respounse. The survivability
of the antemna to the nuclear eavironment was estimated.

AFWL -TE~66~113 AD-807 447
CONMPUTATION BY THE METHOD OF CHARACTERISTICS OF DISTURBANCE

IN AN ELASTIC HALP-SPACE CAUSED BY BLAST-LIKE SUFFACE LOANING

29(601)-4283: Stanfo~d Research Institute, Menlo Park, Czlifornis

January 1967 '

U

Detaile of the disturbance in the 2arth due to blast losdding zbove its
surface are jmportant in protective atructure deesign and elsewhere. A method
for computing those details in the simgple case of an elastic earth will provide
qualitative data on < arth response and can be extended later t. more realistic
media. Tha computation by the method of characteristics developed in this
report locates propagating shocks and gives thelr styengths precisely. It can
provide the other detaile of the disturbaiice field with arbiftrary accuracy
through refinement of the finite difference mesh. Since the equations renrszsent
« medium without dissigation, their atsbilization is a major difficulty. This
stability problem has not yer been solved completely so that no numeiical
results of engineering usefuiness are presented. The continuation and comple-
tion ~f the development of the preseri exact caiculation method is recommended
8o that vesults of simpler, approximate mechods for non-elastic mcdia can be
checked.
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AFWL-TR-66~118 AD-805 719
SHGTK UNLGADING CHARACTERISTICS OF PCROUS GEOLOGICAL MATERIALS

29(8G1)-6699: 17T Research Institute, Chicago, illinois

Jenuvary 1967

u

The sheck unloading characteristics of porous geologic materials have been
determined for a number of pertinent variables. Experiments have been conducted
on dry volcanic tuffi for three different values of initial density. These experi-
ments indicate that the unloading characteriatica are essentially independent
of the initisl density and that a rather universal set of unlcading curves exist.
A series of experiments was ceaducted on wet semples of velcanlc tuff. These
exveriments indicate that the mcisture content i3 an important parameter and
that the energy recovery can vary frzop approximately 20 percent cof the internmal
energy for dry samples to 10C percent for completely saturated samples. A 50
vercent saturated sample yiealded a recovery factor of approximately 80 percent.
Experiments were conductad on dry 3andstone sarples and established the exis-
tence of a phase transition in the Hugoniot at approximately 220 kilobars.
Unloading data were also obtained on dry szndstone at thres different stress
levels. These unlcading curves were similar to those for dry volcanic tuff.

AF¥L-TR-66-122 AD-805 664
A GEOMETRIC TECHNIQUE FOR STUDYING SURFACE MOTIONS FROM UNDERGROUND

NUCLEAR EXPLCSIONS IN REAL GEOLOGIC LAYERED MEDIA

In-house (H.F. Cooper and J. B. Seamon)

January 1967

U

A semiempirical technique, utilizing the methods of geometrical optics,
is uced to examine the effect of geologic layering on the surface peak particle
velocity asscciated with the direct compressional wave produced by underground
nuclear explosions. This geometric technique is different from former "ray"
techniques in that it accounts for the curvature of the wave front, i.e., the
divergeunce of the rays, as well as the distance that wave travels. Data from
contained nuclear explosions in “homogeneous" media are used to determine the
ralationship between the peak particle velocity and the divergence of the rays.
This empirical relationship is then used for layered medi2, where the divergence
of the rays is determined by the methods of geometrical optics, to predict the
free-surface peak particle velocity. The required transmission and reflection
factors are currently taken from the theory of elastic wave propagation. Several
parametric studies and comparisons with dats from experimente in layered media
are presented. It is found that a nmmber of previously unexplained departures
from what was measured and what might intuitively be expected asre qualitatively
and sometimes quantitatively predicted by this technique. It is ewphasized that
layering between the source and the free surface (which usually occurs) can have
a profound and deceiving effect on the surface motiocm, and therefore, it should
not be neglected in any prediction technique. (The FORTRAN listing of the pro-
gram developed is given as Appendix C.)
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AFWNL-TE-66-124 AD-809 275
PROPERTIES OF R0CKS TESTED IN ONE~-DIMENSIONAL COMPRES3SION

29(601)~6587, University of Utah, Salt Lake, Utsh

January 1967

U

An apparatus has been developed and uged to obtain static stress-st ain data
ot rock and soll samples in one-dimensioral compression. This report describes
tt . design and method of use, and reports test resuits obtained on several
types of rock and sand specimens. A 4~inch diameter specimen with height up
to 2 inches 18 contained in a thin-walled steel cylinder. This cyliader is
contained in the mair pressure vesesel which has a pressure cavity surrounding
the specimen. Load 13 applied through a load cell om top of the specimen by
a hydraulic press. An operator maintains a constant zerc balance on strain
gages bonded to the thin steel cylinder containing the apecimen by pumping
hydraulic fluid into the preessure cavity, thus nullifying the tendency of the
test gpecimen to expand laterally as it is compressed axially. Axial load and
deflection are recorded on an x-y plotter from signals received from the load
cell and the deflectcreter mounted on the load cell. This apparatus has been
successfully used to obtain data on rocks to axial stresses of 75,000 psi and
on gsand to 30,000 psi. Test data for both rocks and sand are presented in
this report. -

AFVWL-TR-66-134 AD-818 668
CALIBRATION OF A VERTICAL SHOCK TUBE AND ITS ASSOCIATED SCIL BIN
29(601)-6002: University of New Mexico (CERF), Albuguerque, New Mexico
August 1967

U

This report covers the results of axperiments performed to calibrate the
Civil Engineering Research Facility 2-foot by 40~icot vertical shock tube and
its associated soil bin when filled with dense 20-30 Ottawa sand. The objec-
tive of the research was to vary the amount of Primacord (PEIN) detcnated in
the sheck tube and to measure air shock velocity, incident pressure, reflected
pressure versus time, soll] wavefront velocity, soll stress versus time, and
soil strain versus time. The intent of this research was to accumulate data
over the full range of safe, shock-~tube-driver charges so that investigators
using the same equipment in the future would have a good estimate of what to
expect and could plan their tests accordingly. It was anticipated that future
investigators using this equipment would Iinclude those interested in studies
involving dynamic soil~-structure interaction, one-dimensional wave propagation,
and soil gage evaluation or calibration. The precision of this calibration was
limited by the ability to measure shock pressures in air, and stress and strain
in dense sand. Since at the time of these experimentations precise measurements
of any of these quantities were not feasible, a large quantity of data was
averaged to serve as the best posssble calibration and also to give some idea
of the scatter to be expected from such instrumentation. Displacemert versus
time records derived from the strain versus time records are included. By dif-
ferentiation of displacement versus time records, estimates of peak particle
velocity were possible. It is concluded that the apparatus can be used in iis
present configuration only for those soil dynamics studies in which early stress
reflections from the bottom of the bin do not present a problem.
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AFWL-TR~66-138 AD-807 738
EFFECTS OF CONTAINER BOUNDARIES ON FREE~FIELD BERAVIOR OF DENSE

SAND SUBJECTED TO SHOCK LOADING

29(601)-600": University of New Mexico (CERT}, Albuquerque, New Mexico
February 1967

i]

The effects of wall boundary friction and support conditions on the behavior
of dense 20-30 Ottawa sand were studied in a nominal 2-foot-diameter by 4~foot-
deep soil test contalner subjected to shock loading from a 2-foot-diameter by
65-foot vertical shock tube. Thirty static tests (25 stress-transmizzion and
5 stress-gstrain) were conducted. Twenty dynamic tests (13 with and 7 without
memb:raneg to reduce wall friction) were conducted in which s0il stresses and
velocities with depth were measured. In 16 iests, a wide flange beam support
system was used; in 2 tests a polystyrene foam support was used for the sand;
and 1n 2 tests a concrete support was used for the bin. Shock pressures to
nearly 500 psi were used in the dynamic tests. Dynamic tests showed that if the
wall houndary friction were eliminated peak-stress attenuations were about 25
percent at the 4-foot depth and generally predictable from theory. When wall
friction was not reduced, the attenuation was nearly 80 percent. The stress-
time history with depth was radically affected by support conditions. In par-
ticular, the WF suppori boundary reflected both decompression and compressiom
waves; the concrete support, only compression waves; and the foam support, only
decompression waves. For the rigid and ylelding support conditions, the observed
wave-propagation behavior could be reasonably predicted using Heierli's method-
of~impulses solution for inelastic wave propagation. It was also shown that a
trilinear approximation of the stress-strain load and unload behavior of the
sand adequately predicted the observed stress wave velocities for all support

conditions. Recommendations for use of the existing system and a proposed new
syatem are outlined.

AFWL~-TR-140 AD-824 037
ULTIMATE LOAD-BEHAVIOR CURVES FOR REINFORCED CONCRETE FLEXURAL MEMBERS

29{601)~6002: University cf New Mexico (CERF), Albuquerque, New Maxico
October 1967

U

This report consists of 210 graphs of an equation relaiing shear streas to
the following variables: average concrete stress, maximum concrete strass,
concrete cylinder strength, reinforcing ratio, ultimate compressive concrets
straln, and reinforcing steel strain. A wide range of variables was used for
the solution of the equatiou to include most cases encountered. The figures
will facilitate the determination of steel stress, f , in reinforced concrate
beame with only tensile reinforcing at ultimate load.

c-75

e b gt =tpoc 2t e i s it




. considered to be the most reliable of the sevaral free-field parameters

AFWL~-TR~63~146 AD-816 665
WAVE-PROPAGATION STUDIES IN LATERALLY CONFINED COLUMNS OF SAND

29(601)-6002: Un versity of New Mexico (CERF), Albuquerjue, New Mexico

June 1967

U

An experimental study of the relationship between pertikent wave-propagation :
paramaters and the one-dimensicnal stress-strain behavior of two sands was con-
ducted. The stress-strain relatlion for the sands was characterized by a non-
linear strain-hardening behavior. The nature of the stress-strain curve
implied that shocks should form or be sustained in the soil. This phenomenon
was studied by observing the dynamic and kinematic characteristics generated
by a soft-fronted stress pulse applied at one end of a long siender columm of
laterally confined sand. To develop a method of predicting the kinematics of
wave propagation from the stress~strain curve, the observed wave-propagation
parameters were related to labcratory stress-strain curves. A unique sample
container, loading system, and instrumentation system was developed. The
experiments approximated one-dimensional conditions up to reflected stresses
of 1,600 pai. The results indicated the shocking-up of the soft-froated input
pulse that could he predicted from the laberatory stress-strain curve. The
perticle~velocity versus wave-velocity relaticnships dictated the change in
shape of the kinematic pulse and could be predicted using a s2cant modulus
analysis technique. A very high stress versus time gradient (rise times less
than 50 usec) was observed to form as the wave propagated through the soil.

A 1-meec stable rise time was also observed to form ia the particle velocity
versus time pulse. The particle velocity versus time lagged behind the stress
versus time pulse exhibiting a short-time creep effect. The stress in the soil
could be calculated from the mass density, particle velocity, and wave velocity.

AFVL-TR-66-147 AD-381 844L
EVALUATION OF STRUCTURAL RESEARCH MODEL PHASES II AND IIA HEST
29(601)-7076: N. M. Newmark Consulting Engineering Services, Urbana, Illinois

May 1967
)

The free-field data and the structural model loading and responee data from
the Phase II znd Phase IYA HEST tests were studied in an effort to explain
thsoretically the observed response of the structural recearch model, Primary
emphasis was placed on the Phase IIA results because the loading was more intense i
and the data were more completa and were available in original form. The pyin- |
cipal conclusions that were drawn from this study are the following: (1) The
fres-field data were qualitatively reasonable when considersad collectively, but
individually were subject to substantial uncertainty. The velocity date are

weasured. (2) The measurud radial pressures on the upper chamber generally
confirmed the loading currently recommended for design of near surface vertical
cylinders. (3) Reasonable agreement was obtained between the computed and
measurad maximum vertical strains in the upper chamber walls in the vicinity

of the critical section. Similar agreement between measured and computed
stroins vas not obtained elsewhers on the upper chamber. (4) The depth of the
gone of influence of the upper chamber footing pressurs appears to ba somevhat
greater than one footing width as presently recommended. The significance of
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soil-wall skin friction as a source of load on a buried vertical cylinder was
clearly demonstrated. (6) The surrounding soil effectively restrained the
lower tube against significant circumferential flexural deformations.

AD-809 210

AFWL-TR-66-154
A SONIC BOOM STUDY FOR THE STRUCTURAL ENGINEER
In-house (Mr. D. Bailey)

March 1967

u

Sonic booms generate an N-type pressure wave. Equations and tables are
presented for the calculation of peak overpressure for the sonic boom generated
by aircraft in straight level flight. An equation is also furnished for the
calculation of the time duration of the sonic boom pressure wave.

Alrcraft maneuvers, ground terrain, and meteorological conditions affect the
peak overpressure of the pressure wave. Corrections for these effects can only

be roughly estimated.

Dynamic load factors for the pressure waves of sonic boows are presented.
These factors may be used to calculate the dynamic deflection and stress
caused by a sonic boom. Sample calculations of dynamic deflection and stress
for a beam, plate, and roof trusgs are found in Appendixes III, IV, and V

respectively.

AD-811 447

AFWL-TR~66-155
SOIL STABILIZATION FOR CONSTRUCTION OF LOW-STRENGTH
AUSTERE LANDING STRIPS

In-house (R. R. Vadnais, Jr.) Combined effort with
University of New Mexico (CERF), Albuguerque, New Mexico
29(601)-6002

March 1967 ;
U

The Air Force Flight Test Center (AFFIC) at Edvards Air Porce Base,
California, has a long-standing interest in construction of austere test strips
for the purpose of eval ating the performance, landing, and takeoff of certain
aircraft (especially the F-111A) under unfavorable foundatfion conditions. This
report presents data on the subsoil conditicus at Edvards AFB and the feasibility
of preparing and maintaining subsoil conditions with CBR valuss varying betweaen

3 and 20. Theoretical considerations for the design of austere test strips and
uss of local material for preparation of the required test bads are slso

presented.
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AFNL~TR-66-160 AD-810 163
AN ANNOTATED BIBLIOGRAPHY OF PROTECTIVE STRUCTURES RESEARCH

In-bouse (Mrs. Mary J. C. Garcia)

Pebruary 1967

U

Summaries of research reports dealing with nuclear weapons effects on
protective structures as well as with the snaiysis 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 1966. The bibliography
le srranged in five sections. Section I contains edited abstracts of technical
memorunda, technical notes, technical reports, and technical documentary reports.
Section II gives a chronological listing of all undesignated reports and weapons
test reports related to protective structures published before July 1958.
Section III lists all designated reports by document number including title,
publication date, and classification. Section IV ligts reports by subject area;
Section V gives a listing by contractor.

AMNL-TR-67-7 AD-819 539
EFFECTS OF GROSS INACCURACIES IN STRUCTURE ALIGNMENT AND SOIL

RESISTANCE PROPERTIES ON THE RESPONSE OF BURIED STRUCTURES TO

NUCLEAR BLAST LOADINGS

29(601)-6776: University of Illincis, Urbana, Illinois

August 1967
'}

Thie report presents the results of an analytical research affort aimed
towvard dofining the degradation of structural integrity that may result when
design ccnditions are not met during the construction of hardened facilities.
Parsmetexs of primary concern were: (a) variations in the soil resistance
around a buried structure (nonuniform backfill properties); (b) variations in
che structurel geomstry (improperly enforced construction tolerances); (c) vari-
ations in structural material properties. A computer program was developed to
study the influsnce of variations in these paramsters by representing the
structure~soil system by a lumped-parameter model and solving the resuiting
squations by numerical integration. The program is restricted to planar
reinforced concrets structures, with particular emphasis on buried arche: and
cylindrical structures. The program cousidars both elsstic and inelastic ,
response of the structure under any combination of axial force and bending. It :
is also capuble of rapresenting a variasty cof sultilinear blast pressurs pulses i
that may approach the structure from any direction in the plane of the structure. !
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AFWL-TR-67-8, Vol. I AD-815 661
MULTIPLE THREAT CRATERING EXPERIMENT, VOLUME I: SUCCESSIVE

CRATERING IN HARD ROCK

In-house (T. E. 0'Brien and J. E. Seikn.ucxka) Combined effort with

Boeing Company (R. H. Carlson and G. D. Jones)

29(601)-6787

April 1967

1]

A research program compares successive craters formed by high-explosive
charges detonated in basalt along a common vertical axis with single explosions
equivalent in yield to the sum of the successive bursts. Studies include craters
and ejecta distribution; energy coupling of cratering explosions at and near the
ground surface; charge shape effect on craters and related phenomena; and distri-
bution, size, and weight of discrete ejecta missiles. Results indicated that
the excavated crater depth may be increased by a fourth half-buried successive
shot. This increase is between zero and 25 percent, depending on the technique
used. The data were not conclusive.

The apparent crater formed by a hemispherical surface charge exhibits a
radius about 90 percent ind depth about 85 percent of the dimensions formed by
a corresponding spherical, half-buried charge. Excavated craters formed by
hemispherical charges are likewise smaller.

Scaling relationships determined for apparent craters formed by half-burled
spherical charges were R = 1.30 W0+27, pa = 0.42 w0:28; for spparent craters
formed by hemispherical gharges: Ra = 0.48 W0+37, Da = 0.06 WO*47,

Fifty percent of material ejected from the 4000-pound and 16,000 pound
half-buried charge craters were deposited between the crater edge and 1.9 and
1.2 crater rauli, respectively.

AFWL-TR-67-8, Vol. II AD-818 654
MULTIPLE THREAT CRATERING EXPERIMENT, VOLUME II: GCROUND MOTION

IN ROCK

In-house (J. H. Gee)

July 1967

[}

The Multiple Threat Cratering Experiment (MICE) was conducted during
June-July 1965. The ground motion portion of this experiment was intended to
study the particle velocities, strain, accelerations, displacement, and propa-~
gation characteristics of a hard rock medium. Porty-efight gages placed in three
bore holes were used to measure the ground motion of eleven shots ot the MICE
series. Hine of the shots were 4,000-1b spheres with the remsining two being
a 16,000-1b aphere and a 16,000-1b hemisphere. The depth of burial ranged from
surface tangent to fully buried. Dus to probless involving gage calibrations,
gage placemmnt and orientation, snd electrical transients, only arrival times
and some dowm-hole magnitude measuremsnts provided enough data for comment.

The arrival times indicste that the direct transmitted ground shock outran the
air blast. Seismic velocities varied by as much as 3500 fps between the north
and south sections of the test area. A further difference in velocity was noted
to be connected to a 3l-foot difference in elevation between the north and south

holes. The up-slope velocity for sany given area asppears to average approximately
450 fps faster than its dowm-slope equivalent.
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AMWL-TR-67~12 AD-822 142
TONEDOWN TREATMENT OF RUNWAYS-~STATE OF THE ART

F29601-57-0040: Prismo Safety Corporation, Huntington, Pennsylvania
September 1967

U

A preliminary investigation was made of the characteristics of the various
materials having possible application as airfield tonedown agents. Literature
surveys as wvell as personal contacts were cnnducted with both governmental and
industrial sources. All pertinent dacta were collected including such factors
a8 costs, drying times, abrasive chrracteristics, etc. Special emphasis was
directed toward those materiale having possible use in Southeast Asia (SEA)
envirouments. A wide range of materials was investigated, ranging from lizht
film stains to thick surface cappings. Cost data indicate that treatments can
vary from a few cents to almost one dollar per square foot for initial instal-
lation. The results obtained indicate that several materials show possible use
&8s airfield tonedown agents in SEA. Additional testing of these materials is
necesgsary to determine the most suitable materials for various operational
requirements.

ANL-TR-67-15 AD-823 129
EVALUATION OF A 400-CUBIC-FOCOT SOIL BIN LOADED DYNAMICALLY

BY A LARGE SHOCK TUBE

29(601)-6002, University of New Mexico (CERF), Albuquerque, New Mexico
August 1967

U

An engineering evaluation was made of a 400-cubic-foot soil bin loaded
dynamically by a 6-foot-diameter, explosive-driven shock tube. The shock tube
produced an air shock wave that moved horizontally across the surface of the
soil bin containing 20-30 Ottawa sand. An air-induced ground shock wave entered
the soil bin at a velocity of 1,075 feet per second, resulting in an incident
vave front inclined approximately 21 degrees to the horizontal. Soil stress and
strain were measured by instruzentation placed in a grid pattern at depths of
1, 4, and 7 feet. Special attention was given to the uniformity of stress and
strain at a given depth, attenvation with depth, reflections, and the effective-
ness of a friction-reducing wall membrane. Conclusions were drawn regarding the
application of the test device for wave-propagation and interaction studies.

ANL-TR-67-16 AD-821 823
AN EXPERIMENTAL INVESTIGATION OF THE DYNAMIC RESPONSE OF MODEL

SILO-TYPE STRUCTURES IN COHESIVE SOILS PHAS I, SOIL PROPERTIES

29(601)-6811: University of Illinois, Urbana, Illinois

October 1967

v

A series of static and dynamic triaxiel and one-dimensional compression
tests vas performed using specimens of Goose Lake clay compacted at a range of
water contents from nine percent dry of optimum to three percent wet. This
investigation was porforued as the first stage of a general investigation of
the interaction of cohesive soils and buried silos. The physical properties
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of the specimens were studied as functions of water content at compaction,
stress level, and loading rate. Triaxiai compression tests were performed
using confining pressures ranging from 16 psi to 1000 psi and times to failure
ranging from 3 milliseconds to 50 minutes. Both the compressive strength and
the secant modulus iacreased significantly as the loading rate increased.
Undrained one-dimensional compression tests were performed using rise times of
2 milliseconds and 10 seconds, and peak pressures of approximately 200 psi and
400 psi. The stress-strain characteristics were shown to depend on the water
content at compaction and the loading rate.

AFWL~TR-67-21 AD-818 424
EXPONENTIALLY DECAYING PRESSURE PULSE MOVING WITH SUPERSEISMIC

VELOCITY ON THE SURFACE OF A FALF SPACE OF GRANULAR MATERIAL

29(601)~7082: Paul Weidlinger, New York, New York

July 1967

L]

An approximate solution is given for the effect of an exponentially
decaying pressure pulse trsveling with superseismic velocity on the surface
of a half space. The material of the half space is an elastic-plastic model
of a material haviug internal Coulomb friction. The yield condition selected
may be suitable for a granular material. The effect of a step wave for this
geometry and medium was treated previously. For that case, the peak pressures
do not decrease with increase in depth, while such a decrease is obtained for a
decaying surface load. If was the prime purpose of this investigation to deter-
mine the magnitude of this attenuation. The approximate solutions obtained are
valid for a limited distance behind the wave front, and are tabulated for 11 dif-
ferent sets of parameters; pertaining to the material and velocity. The tabulated
results show that the peak pressures i the case of the decaying surface load to
decrease with depth, but that the decrease is less than one might intuitively
expect.

AFWL-TR-67-25 AD-814 185
COMPARISON STUDIES OF PINITE DIFFFRENCE RESULTS POR EXPLCSICNS

ON THE SURFACE OF THE GROUND

In-house (H. F. Cooper)

May 1967

U

This report discusses the numerical results from four finite difference
codes (AFTON, FLU, OIL, and PIC) for two initial value problems involving the
geometry of a surface burst. The problem gaometry, constitutive relation, and
initial zoning were specified by the author, and hydrodynamic Bulerian calcu-
lations were performed by the companies responsible for the development of each
code. The results show significant inconsistencies in peak pressure and velocity
attenuation curves, pressure and particle velocity spatial profiles, and time
of arrival plota. The general conclusion is that the inconsistencies can be
traced to the handling of the numerics, primarily rezoning prccedures. The
degree of the incousistencies indicate that anumerical errors in many current
state of the art high pressure Eulerian calculations may be on the order of a
factor of 2 or more.

c-81




A o 3 bt i

Ww s,

i+ o ————- | D ———— <ottt T e

e U . T T

AMNL~-TR-67-27, Vol. 1 AD-818 301
NUMBZRICAL GROUND MOTION STUDIES, VOLUME I: STUDY OF NUMERICAL

SOLUTION ERRORS IN ONE-~ AND TWO-DIMENSIONAL FINITE DIFFERENCE

CALCULATIONS OF GROUND MOTION

29(601)~7143: Applied Theory, Santa Monica, California

July 1967

{1}

Results are presented here of a study to determine nunerical solution errors
in two-dimensional hydrodynamic calculations of surface bursta. The changes in
solution errors due to variations in mesh point distribution are studied in one
and two dimensions; the results of the inveatigation are applied to improving
the soiution to a two-dimensional problem. A method is described which allows
a grid to expand automatically to contain a moving shock. Methods are presented
for achieving several kinds of mesh point distributions based on a geometric
progression in.the distance betwveen mesh points.

AFWL-TR~67-28 AD-822 144
AERODYNAMIC EFFECTS ON A STRUCTURE OSCILLATING WITHIN A CONFINED CAVITY
29(601)-6126: Agbabian-Jacobsen Associates, Los Angeles, California

October 1967

)}

The influence of sercdynamic forces on shock-isolated structures oscillating
inside & confined cavity was investigated by defining aerodynamic terms with
anelytical and grapho-nuwerical procedures and incorporating them in the equatioms
of motion of a three-degree-of-freedom system subjected to a trarsient velocity
pulse having vertical and horizontal components. A computer solution was
developed for a parametric study of several geometric configurations and
frequencies. Tho results are interpreted in terms of the influence of the aero-
dynamic forces ov rasponse accelerations and rattlespace requirements. In
general, this inti.ence is very small for the practical ranges of {nterest of
structuree with amall aspect ratios having tmall clearances between cavity and
structure. An experimental program is recommended to perforam simple tests to
verify the estimsted effect of serodynamic forces and to develop a basis for
scaling results from & limited number of tests.

ANL-TR-67-50 AD-820 672
EVALUATION OF SOIL STRAIN GAGE INSTRUMENTATION

29(601)-6002: University of Naw Mexico (CERF), Albuquerque, Mevw Mexico

August 1967

U

A soil strain gage instrumentation system, developed by the Illicois
Institute of Technology Ressarch Institute (IITRI) for che Air Force Weapons
Laboratory, having the uaique festurs of no support colusm betwesn the strain
sansing elements vas evaluated dynamically in soil loaded with a noainal 100-
or 1,000-pei shock-vave pressure pulse. The sverage dynsmic calibration In
Ottava sand at 100 psi was within 10 percent of the average static calibration.
To further establish the characteristics of the strain gage, static tests ..n-
ducted by IITKI were repeated at CERF. The repestability of measurements {s
indicated by standard deviationa around 25 perceut. It was demoustrated that
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multigape arrangements are feasible for laboratory and field applications. The
beginningz of the strain-time traces usually contained a spurious spike, which
could not be attributed to actual strain information. The results of a s ries
of tests now indicate that the splking is8 probably due to noise generated by the
shock in the cable connectors.

AFWL-TR~67-61, Volume II AD-
SHEAR BEHAVIOR OF DEEP REINFORCED CONCRETE BEAMS, VOLUME II: STATIC TESTS
29(601)~6002: University of New Mexico (CERF), Albuquerque, New Meaico
October 1967

U

Large-stale static tests were performed on deep reinforced concrete beams.
Nominal concrete strengths for all tests variled between 2,500 and 4,000 psi, and
intermediate-grade ASTM A 15 reinforcing steel was used. All beams were siaply
supported. Tests consisted of thirteen test beams of three span-depth ratios,
1.66, 2.67, and 3.62, subjected to a uniformly distributed load. Beams contained
longitudinal tensile reinforcing with or without web reinforcing. Both horizontal
and vertical web reinforcing were used. Behavior was observed as span-depth ratio
and veb reinforcing were varied. Numerous modes of failure in shear were
observed as beam configuration was varied. Modes of fallure transitioned from
shear to flexure as span—-depth ratio lucreased and amovnt and orieutation of web
reinforcing were varied. Te. - data were correlated with mathematical models
derived in this study and from models developed by others. The mathematical
models were used to investigate shear behavior for deep beams. Ejuations were
developed vhich adequately predict the wedian shear behavior of deep beams with
web reinforcing. Test data were also correlated with theories developed by others
for flexural moment and deflection behavior. Generally, flexural moment behavior
was adequately predictable; defiection predictions, however, were not adequate.
Recommendati 18 are made for further research with respect to development of
improved design criteria for Air Force defense systems.

AFVL-TR-67-65 AD-822 360
BEHAVIOR OF SMALL VERTICALLY BURIED CYL.INDERS

29(601)-5002: University of New Mexico (CERF), Albuquerque, New Mex!.co
October 1967 ‘

U

Tests to determine the iateral pressures and interface shearing stresses
acting on swail vertical cylinders buried in dense 20-30 Ottawa sand we:ie carried
out in a nominal 2-foot-diameter by &-foot-deep soil test container. Efghteen
static tests wvere performed on 4-inch-diameter, 2-foot-long aluminum cylinders.
The cylinders were buried with their tups flush with the sand surface and sup-
ported on either a rigid base or 2 dense sand base. Three wall thicknesses were
chosen so that the cylinder diameter-to-thickness ratios were 24, 48, and 114.
Static teat results indicated that the lateral pressure coefficiant, the ratio
of Lhe lateral pressure on the cylindey to the gurface nrressure, vas independent
of the cylinder stiffuness. The average value ranged {rom 0.30 to 0.35, tncreasing
alightly with depth and vhen the support was changed to the dense sand base.
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Interface shearing stresses acted dowaward over the upper two-thirds to three~
fourths of the length of the rylinder, their magnitude being controlled by the
lateral pressure and the coefficient of fricticn between the sand and the
aluminum. Ten dyna~ic tests were performed on the cylinders supported on @

dense sand base and loaded by a decaying surface pressure pulse. Shock pressures
to 1,000 pei were used. Dynamic tests indicated that the lateral pressure and

the interface shearing stress behavior ave dependent on the length of the cylinder
ard the ratio of the acoustic veloc'ty of the cylinder material to that cf the
aand.

AFWL-TR-67-69 AD-821 654
HAND SOLUTION OF ONE-DIMENSIGNAL INELASTIC WAVE-PROPAGATION PROBLEMS
29(601)-6002: University of New Mexico (CERF), Albuguerque, New Mexico

October 1967

U

A method for obtaining a numerical solution te a wide varlety of one-
dimcnsional inelastic wave-propagation problems is discussed. The emphasis is om
sclutions to problems involving air-induced propagation in soil or rock resulting
from a nuclear detonation under superseismic conditions. Emphasis is alsc placed
on hand sclutions obtained using a desk calculator and drafting instruments. The
method is quite verssatile in that it allows any pressure or kinematic condition
at a boundary, any nonlinsar & hysteretic material stress-strain curves, and
any layering of different materials. The principal limitations of the method are
that it does not treat viscoelastic material behavior, problems involving more
than one-dimensioanal behavior, and problems inm which strains and particle veloci-
ties are not relatively smalli. Two example problems are included: one shows the
formation of a shock in a homogeneous medium, and the other shows wave propaga-
tien through a layered medium.

AFAL-TR~67-72 AD-822 964
EXPERIMENTAL VERIFICATION OF NEUTRON TRANSPORT CALCULATIONS IN

LITHIUM HYDRIDE

F296~-1-67-C~0031: General Dynamics Corporation, San Diego, California
November 1967

),

Mz2gsurements of the high energy neutron angular flux spectrum in a sphere
of natura 'ithium hydride have been made by the time-of~-flight method. Fasu
neuiron spectra were obtained at 0° and a radius of 25.1 cm, and at angles of
0°, 19.2°, 39.2°, and 54.7° at the surface, which is a radius of 45.7 cm. Preli-
minary results were obtaired for the intermediate energy spectrum. The work is
a continuation of the comparison of accurate, detailed, high resolution measure-
nents, fcrmerly made in CHZ, with DTF-1IV discrete ordinates and O5R Monte Carlo
calculations. The CHy sphere was recalculated with O5R, using an angular resolu-
tion corresponding to exporiment, and good agreement was obtained. The
exponential transform was investigated to reduce variance at a fewer number of
neutron histories. The optimum biasing parameter was found for the uncollided
tlux, bu* the exponential transform as applied to the CH; sphere problem did not
resclt in larpe reductions of varisnce. The lithium hydride sphere was calculated
with LIF-IV, using ditferent quadrature sets and cross sections. Agreement with
experiment is not as good as for CHy, and further investigations are recommended.
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AFWL~-TR~67-G0 AD-821 550
A FREEZING TECHHNIQUE FOR GAGE PLACEMENT

in-house {C. J. Lemont)

Qctehar 1947

y

& problam exists when gages are to be pizced im driil holes below the water
table. ¥Yreszzing the soli around & pronoc=d instrumentation hole was attempted
as a golution to the problem. Laboratery and field tests proved that liguid
nitregen would freeze a zone of soll around the supply tube snd that an fnstru-
mentation hole, {driilled iuto that zone, would remain water-free long enough to
allow instrumentation to be plased and the hole to be backfilled. It was con~
cluded that the freezing techalque was a solution to the problem of placing
gages velow a static water ievel in the soil.

AFWL-'13-87~102 AD-822 353
HIP-1A DATA KEPORT

In-house (C. J. Lemont;

October 1967

u

The HIP-1A test was conducted as a proof test of the design parameters of a
HEST overpressure facility. It wae intended that, using these parameters, the
simulated criteria of peak overpressure, impulse, and detonation fromtal velocity
would be verified before tbelr use in the design of an overpreassuve facility for
an operational Minuteman vulnerability test. The instrumentation consisted of
air pressure, soil stress and acceleration transducers, with primsry emphasis on
alr pressure. The average peak overpressure was 703 psi against a predicted 1000
nsl, the average impulse was 34.4 psi-sec compared with a predicted impulse of
40.6 psi-sec, and the average frontal velocity was 8980 fps as compared with
a predicted velocity of 8600 fps. The test allowed the redesign of the facility
parameters such that the desired overpressure was more closely developed.

AFWL-TR-67-107 AD~-823 298
CHEMICAL STABILIZATION OF PLAY.. SOILS

29(601)-€002: {iniversity of New Mexico (CERF), Albuquerque, New Mexico
November 1967

U

The physical, chemical, and mineralogical parameters of soils from
selected playas were investigated to determine effective chemical stabilants.
The effect of differing amounts of addicives or forming soil-cement in humid
conditions was determined at two curing times. The unconfined compressive
strengths of the cured soil-cements, compacted at ASTM standard optimum moisture-
densities, were determined and correlated with known soil characteristics. The
playa solls generally consisted of material, and had an cverage plasticity index
of about 15. The solls generally were predominantly composed of silicate and
carbonate minerals. Clay minerale comprised only about 15 percent of the svils
by weight. Portland cement proved the only effective soil stabilization agent,
which gave sufficient soil-cement strength to most playa soils to resist destruc-
tion by the ASTM freeze-thaw test. Fly ash was somewhat deleterious, and lime
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and sodium cation 2dditives were very destructive to portland cement-soil
aixtures. Ksolinite was beneficial only in specific soll~cements. It is sug-
gested tnat metsliurgicsl cements, slag cements, and sulfate-resistant portland
cement should be tested as additives for playa soll-cements where Type I portland
cement proves inadequate.

ANL~TR-67-110 AD-
INVESTIGATION OF BURIED DOMES, PHASE 1, EVALUATION OF INSTRUMENTATION
AND PRELIMINARY TESTS

29(601)-6002: University of New Mexico (CERF), Albuquerque, New Mexico
December 1967

U

An evaluation of a soll stress transducer and its application to the
measurement of s0il stress Jistribution on and around a rigld buried dome are
presented. The soll stress gage developed for this study was found to respond
linearly with less than 4-percent hysteresis in a granular medium. This gage
alsc has & linear response when oriented at various angles to the vertically
appiied load. It can be located very closely ir the soil and adjacent te rigid
boundaries without affecting its response. Static tests were performed in which
on-structure soil stresses were measured and compared with soil stresses adjacent
to the structure, as well as comparable stresses in a gsoil medium without a struc-
ture. The soil pressure distribution on the dome structure indicates that
passive arching occurs near the crest of the dome. The total vertical force
acting oun the dome was measured by load cells beneath the dome and found to be
greater than the total vertical force obtained from the vertical component of
the normul soil stress as measured by on-structure gages integrated over the
dome surface. The reason for this difference in forces was probably due to the
gize of the structure and tangential loading.
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SWC-TDR 61-66 AD-328 826
A METHOD FOR THE PREDICTION OF GROUND SHOCK PHENOMENA IN SOILS

29(601)~2855: Paul Weidlinger and Azsociates

March 1962

)

Determination of free field ground shock parameters is the first step in
designing underground protective strictur=a. This report summarizes s theo-
retinal method for predicting stresses, particle velocities, displacements and
agssociated shock response spectra in soil subjected to uir-induced greound
shock in the 100- to 1,000-psi pressure ranges.

Soil behavior is represented by a compacting medium, i.e., one which
exhibits strain hardening and large permanent strains upon unioading. One-
dimensional wave equations are derived and a simplified method for meking
engineering calculations is presented. Good correlation is established between
full-scale nuclesr weapon ground shock data and theoretical predictions based
on the above compacting medium theory.

SWC-TDR-61-93 AD-27Th 825
GEOLOGIC STRUCTURE STABILITY AND DEEP PROTECTION CONSTRUCTION

29(601)-2621: University of Missouri

November 1961

U

This study concerned problems associated with protective construction in
rock, particularly deep protective structures. Information from the experience
of mining engineers and past wespons tests is given on.rock structure and prc-
perties and on theories relating these to stability of underground openings
under both static and dynamic loads. Recommendations are made for meeting
design problems of underground protective structures and for research to
improve design reliability.

SWC-TDR-62-1 AD-278 063
INVESTIGATION OF SILO AND TUNNEL LININGS

29(601)-2596: Armour Research Foundation

March 1962

U

The problem of determining the response of underground cylindrical tunnel
and 3ilo linings to blast-induced loading is discvzsed ia this rerort. The
study includes effects on silo linings of differential horizontal soil displace-
ments, verticel skin-friction forces generated by vertical comrression of
surrounding soil, and axial response of a ailo with integral cover to blast-
induced cover loading.

A theoretical method for esiimating forces acting on a cylindrical strurture
subjected to airblast-induced ground shock is presented. Radial forces on tne
cylinder surface are the undisturbed free-field pressure component plus pressures
proporticnal to differential radial velocity end displacement between the
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structure and the free-field particles. The elfect of virtual mass, féundation
modulus, and damping on response was studied by obtaining sclutions appropriate
for tunnel and silo linings. Static test results for three metal cylindrical

tunnel models, buried in dense Ottawa sand, are presented and compared with

theoretical predictions.

SWC-TDR-62-2 . AD-273 229
STUDY OF THE USE OF MODELS TO SIMULATE DYNAMICALLY LOADED UNDERGROUND STRUCTURES
29(601)-4375: Iowa State University

January 1962

U

This report presents results of an analytical investigation of the use of
models to ‘simulate the dynamic response of buried structures.

Froposed gecaling laws are used to relate a model structure and soil medium
to its corresponding prototype components. As an initial step in verifying the
proposed scaling laws, small structures wvere buried in soil at various depths,
and impact loads applied with a falling weight.

SWC-TDR-62-3 AD-2Th 294
STUDY OF THE USE OF MODELS TO SIMILATE DYNAMICALLY LOADED UNDERGROUND STRUCTURES
29(601)-43T4: American Machine and Foundry Company

February 1962

U

This report presents results of .. analytical investigation of the use of
models to simulate the dynamic reaponse of buried structures.

Proposed scaling laws are used to relate the response of the model structure
and soil medium to the response of corresponding prototype components. Material
properties are suggested as a guide in choosing possible modeling parametcrs,
and a method is presented for simulating soils. The report represents an
initial effort toward solution of the dynamic similitude problem.

SWC-~TDR-62-6 AD-330 059
PRELIMINARY DESIGN METHODS FOR UNDERGROUND PROTECTIVE STRUCTURES

29(601)-2837: Nathan M. Nevmark, Consulting Engineering Service

June 1962

8

The objective of this study vas to revise, modify and amend the report
Preliminary Design Methods for Underground Protective Structures, AFSWC TR-60-5 ,
December 1959, prepared under Contract AF 29(601,-11T1.

This report reflects the latest knowledge about many aspects of preliminary
design procedures for underground protective structures. The section on free-
field ground motions is updated, and a number of charts for predicting free-
field particle displacements, velocities, and accelerations are presented.

The section on surface airblast parameters is ¢ mpletely revised.
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The section on design shrck response spectra is revised and expanded with
the addition of much new material, and contains the latest recommendations for
formulating design shock response spectra. Nev material on dynamic soil-
structure interaction is also presented.

Many other changes in the earlier report have been made, including deletion
of consideraole material (summaries of design significance have been retained)
and addition of summaries of numerous smaller studies carried out as a part of
the investigation. Recommendations for future studies are presented.

SWC-TDR-62-9 AD-275 037
DESIGN AND ANALYSIS OF FOUNDATIONS FOR PROTECTIVE STRUCTURES

29(601)-2561: Armour Research Foundation

April 1962

U

The behavior of footings subjected to dynamic forces has heen the subject
of continuing research. Significant contributions have been made through a
combination of theoretical and experimental research.

Prior analytic studies have been based on an "engineering approach” which
extended standard soil mechanics approaches to include dynamic behavior. This
approach is reviewved and comparisons are made with experimental results. To
improve theoretical results the influence of soil compreasibility wvas investi-
gated. These gtudies considered formation of plastic stresa vaves belov the
footings, and produced improved correlation with experimental data.

Experimental estudies conducted include three-dimensional static and dynamic
teats of footings with overpressure oo the surrounding soil surface, tvo-dimen-~
sional static and dynamic tests on inclined footings vith overpressure on one
side (a situation simulating that encountered in footings for arches and/or
domes), and three-dimensional static and dynamic tests with iwmproved instrumen-
tation to verify earlier resulte and provide improved data. The report also
contains a pressntation on the Dynamic Soil Facility, bdbuilt by Armour Research
Foundation and used for portions of this research.

SWC-TDR-62-10 AD-2kk 6k6
STUDY OF BLAST CLOSURE DEVICES

29(601)-4354: American Machine and foundry Company

February 1962

]

This report describes investigationa and snalyses accomplished during ANF's
study of blast-actuate” blast-closure systems. The odjectiw of this study vas
to survey the state uf the art of blast-closwie system design. and establiish
design criteria for formulating development and design procedures and tecvhninues.

The initial effort vas devoted Lo a states-of-the-art survey, after vhich
wvork vas started concurrently on establishing blast-closure system criteria and
studying blast attenuation in tunnels affected by 90° bends, orifices, plenums,
ete. In addition to defininz satisfactory closure systems, a selection of
optimm configurations for particular overpressure ranges and installation types
vas made.
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Results of this study indicate only ons valve has been designed for the
saximum operating pressure specified. Therefore, additional effort should be
expended to produce additional blaat-closure concepts.

SWC-TDR-62-30 AD-285 053
THEEOREYTICAL STUDY OF STRUCTURE-MEDIUM INTERACTION

29(601)-2838: HNationsl Engineering Science Company

March 1962

U

This report presenis numericai results from a continuation of a previous
study described in AFSWC T™-61-6, coucerned with the plane strain problem of
interaction of a plane longitudiral stress wave vith a hollowv cylindrical shell
embedded in an infinite elustic medium. The shell is given finite dimensions
(with the assumption of thin shell geometry), finite density, and elastic
properties differing in general from those of the medium. Tebles and/or graphs
are given for the following quantities:

1. S8teady-state, tangential stress responae of a cavity and thin shell to
a2 harmonic stress weve input.

2. Transient displacement response of a rigid cylinder (shell) to a step-
functios displacemsnt input.

3. Trensient tangential stress response of a cavity to a step function
stress vave input.

4, Transient dizplacement and inner tangential stress responses of a thin
shell to a step function stress wave input.

A spacific reault is obtained for the lsat pro.lem with a shell-thickness-
to-cylinder-radiue ratio of 1/20, the shell having properties close to those of
steel and the medium having elestic properties representative of rock. In this
case dynamic increase in the inner fangential stress by a step stress input over
the static value vas fouad to de spproximastely 6 percent.

SWC-TDR-62-43 AD-286 L8S
THEORETT CAL STHDY OF ENERGY DISTRIBUTION INK A HALF-SPACE UNDER DYNANIC LOADS
29(601)-2832: Guperal Americen Transportation Corporstion

July 1962

u

An snalytieal procedure is developed for predicting free-field ground
wtione and stressses for design of underground protective structures. Analytic
solutions in integral fora sre obtained for probless of elastic and viscoelastic
half-spacta, each under an axi-symmetric time-dependent normal loading with tho
essential features of & nuclear burst. A computer code for evsluating these
expressious is developed through use of a Fourier-legendre series end other
special asalytical techniques. Uraphs are presented for one elastic prodlem.
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SWC-TDR-62- bk AD-27T 661
RADIOGRAPHIC INSTRUMENTATION STUDY

29(601)-b154: American Machine and Foundry Compeny

April 1962

U

Various radiographic techniques are examined and evaluated to determine
their feasibility for studying dynami¢ soil phenomena. Data which can be
obtained radiographically from a dynamically loaded soil sampie are particle
motion and density change as a function of position and time. The primary
advantage of 2 radiographic system is thet the condition of tha soll sample is
not modified by transducers within it, except for small pellets which have no
measureble influence on dynamic phenomena.

Two specific radiographic systems, used to observe dynamic phenomena in
soil samples subjected to suddenly applied loads, are examined in detail. Ome
of these systems uses a steady X-:’ay source, and the other uses a flash X-ray
machine. Radiographic records from both tests are presanted and analyzed.

SWC-TDR-62-47 AD-283 T50
STUDY OF STRESS WAVE INTERACTION WITH BURIED STRUCTURES

29(601)~4312: Armour Research Foundation

May 1962

U

In a series of experimental programs sponsored by AFSWC at Armour Research
Foundation, dynamic photoelasticity and moire displacement measuring techniques
have been developed for aoclving two-dimensional dynamic stiress problems, and
several wave propagation problems have been solved by these methods.

In the research program discussed in this report, an air shock tube facility
vas developed for applying airblast ioadings to the edge of a photoelasti:
model. This facility was then used to determine stress distributions which
develop on boundaries of circular holes and circular inclusions embedded in a
plate, vi:n an air shock travels across one edge.

The stress determinations indicate dynamic loadings of the type used in
thia study produce stresa concentrations which excead static concentrations for
equivalent loadings by approximately 10 percent. After the vave front in the
Plate passes the discontinuity, dynamic streases approach static stresses
asymptotically.

SWC~TDR-62-56 AD-286 522
RIGH-COMPRESSIVE-STRENGTH CONCRETE

29(601)~610L: Watervays Experiment Station, USA

Augnst 1962

U

This report presents results of a review of published and unpublished data
pertaining to high-strength concrete, including consideration of factors
affecting strength, nigh-strength concretes previsusly made, and applications,
economics, and procurement of high-strength concrote. Data reviewed indicate
that practical, routine production of portland-cement concrete having a
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compressive strength consistently above 10,000 psi after 90 dsys moist-curing
vill require careful selection of materials, mixture proportions, and mixing,
placing, consclidating, and curing procedures. The most important single factor
affecting the practicality of such concrete is achieving a sufficiently low
vater-cement ratio. Data reviewed indicate high-strength concrete cannot be
obtained for mixtures having vater-cement ratios higher than 0.45 by weight;
and in order to provide adequate workability, it will usually be necessary to
use at least seven bags of cement per cubic yard of mixed concrete. Although
high-strength concrete may not be economical in conventional reinforced concrete
construction, it will afford important economic advantages in underground arch
and dome construction.

SWC-TDR-62-64 AD-298 578
GUIDE FOR THE DESIGN OF SHOCK ISOLATION SYSTEMS FOR UNDERGROURD PROTECTIVE
STRUCTURES

29(601)-4551: Ralph M. Parsons Company

October 1962

U

This report reviews major considerations relating to design of shock iso-
leation systems for underground protective structures, emphasizing areas wvhere
special guidance is needed by facility engineering contractors. Ground motion
due %0 nuclear blast, interaction of ground motion with buried structures, and
tolerances of typical facility equipment to shock are described and used to
establish input and output requirements for isolation systems. Analytical
methods for determining dynamic responses of both linear and nonlinear isoclation
systems are summarized, and, for seversl commonly used configurations, these
equations are reduced to simple form. Use of the shock response spectrum is
suggested as s unified approach to specifying shock attenuation requirements,
equipment shock tolerances, and shock test machine selection criteria.

SWC.-TDR-62-90 AD-402 T53
LABORATORY EXPERIMENTS ON THE RESPONSE OF SOILS TO SHOCK LOADINGS

29(601)-2830 Purdue University

January 1963

L]

This report discusses research carried out at Purdue University, the pur-
pose of vhich was to develop, on the basis of direct measuresents, mathematical
models suitable for deasriding propagation of a compression shock wave through
soils, principally partly saturated clays. This interim report describes
selection of s suitable laboratory test, and design, calidbration, and use of
gages to measure stress  and strain near a point during propsgation of a shock
vave. Preliminary test results from sanples of compected clay are also included.

SWC-TDR-62-91 AD-L02 TT9
RNERGY ABSORPTIOR CAPACITY OF GRANULAR MATERIALS IN OKE-DIMENSIONAL COMPRESSION
29(601)-k302: University of Illinois

July 1962

[¢]

Energy-absorbing mechaniswms ir sand sudbjected to one-dimensional cuumpres-
sion are reported. For pressures belov that required to cause zrain crushing,
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a medium of equal radil elastic spheres in a face-centered cubic array is
assumed. Expressions sre obtained for the axial stress-strain curve, constrained
modulus, coefficient of earth pressure at rest, and relationship between absorbed
energy and input energy for one cycle of loading. FEnergy absorbed because of
grain crushing is considered by analyzing statistical relationships between
changes in grain size distribution curves and new surface areas created in test
samples. An apparatus is described which has the capability of maintaining

zero radial strain for & cylindrical sample under increasing axial stress.
Lateral stresses developed under these conditions are messured. Preliminary
experim~ntal results are presented for one sand, showing varistion of the
coefficient of earth pressure at rest and stress-:tirain relationships with
initial void rstio, overconsolidation ratio, and strain rate. A correlation of
theory and test results is presented.

SWC-TDR-62-126 AD-292 629
SYMPOSIUM ON THE EQUATION OF STATE FOR EARTH MATERIALS

In-house

November 1962

u

On 10-11 September 1962 the Structures Division of the AFSWC Research
Directorute sponsored a symposium on the equation of state for earth materials.
Attendees vere personnel under contract to the Structures Division, end personnel
interested in this area of research. This document conteins abstracts of papers
presented at the symposium. The abstracts reflect current theoretical and
experimental efforts being undertaken by the Structures Division in the area
of equation of state for earth materials.

SWC-TDR-62-138 AD-295 L08
AIR FORCE DESIGN MANUAL--PRINCIPLES AND PRACTICES FOR DESIGN OF HARDERED
STRUCTURES

29(€01)-~2390: University of Illinois

December 1962

]

This is the seccnd edition of the Alr Force Design Manual, Design of
Protective Structures to Resist the Effects of Nuclear Weapons, AFSWC TR-59-T70,
December 1959 (Conf.). Its intended use is for planning and design of struc-
tures to resist offects of nuclear veapons ranging into the megaton class.
Emphasis is primarily on underground construction. Material presented is

derived from existing knovledge and thaory, so the manual is also a report of
the state of the art.

Starting with general considerationa of site selection and structural
function, various pheses of design are considered: free-field phenomena in air
and ground, material properties, fallure criteris, architectural and mechsnical
features, radiation efrects, surface openings, conversion of free-field phenowmena
to loads on structures, sand design and proportioning of structural elements and A
structures. 1
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8SWC-TDR-62-153 AD-kOS 162
EXPERIMENTS ON THE MERASUREMENT OF THE RESPONSE OF ROCKS TO DYRAMIC LOADS
29(601)-2821: MNissouri School of Mines

Merch 1963

U

The purpose of this study vas to develop instrumentation techniques to
measure dynamic stress and strain wvithin rock subjected to impulse-loads.
Thes’ tecaniques were to be applicable to the determination of rock rsponse to
nuclear explosive loadings. Electric resistance strain gages and pierzoelectric
stress gages vere the seusing devices utilized. Transducers were emdbedded in
concrete test cylinders, vhich were loaded by a plane vave generated by an HE
explosive. The sensitivity of the pieszoelectric gages utilized was too great
for the stress intensit{ies developed, and therefore satisfactory evaluation of
the stress measuring techniqu® was not possible. The material presented,
susmarizsing the theoretical aspects of stress and strain measurement at an
interior point in a solid, may prove valuable Iin future embedded gage installa-
tions.

SWC-TDR-63-2 AD-%05 153
STEP LOAD MOVING WITH LOW SUBSEISMIC VELOCITY ON THE SURFACE OF A HALF-SPACT N®*
GRANULAR MNATERIAL

29(601)-2855: Paul Weidlinger and Asspciates

April 1963

U

The plane strain problem of a step load moving on the surface of & half-
space of granular material is considered. Strength of the material i, governed
by internal friction and cohesion. As & preliminary step tovard a more ccmplete
solution, it is assumed that in reglons of slip, elastic deformations may be
neglectsd in comparison to thor= resulting from slip. This assumption limits
the application to Ms~h numbers of less than avout 0.20.

Two possible types of masterial behavior are considered. During slip, one
material exhidits dilatancy, vhiie the other does not change in volume. Because
elastic deformations are neglected in the slip region, onl> degenerate resylta
are obtained for the case of dilatancy, i.e., vhile astresses can be determined,
deformetions, velccities and accelerations vanish. For the other asterial, all
desired quantities ace obtained.

The analysis predicts that if the load exceeds a certain limit, granular
particles vill be expelled at the surface shead of the pressure front, and the
applied pulse vill be preceded by a precursor of expelled grains,

: BWC-TDA-63-3 AD-k02 TOT
DEVRLOPMENT OF A SKRALL SOIL STRAIF GAGE

| 29(€01)-5343: Armour Research Poundation

L March 1963

U

=, This report descridbes the development of & 3mall strain gage for measuriog
static nd dynamic strains in soil smples. The gage conaists of tvo sets of
tvo coil Aiscs; sssocisted instrummntation includes electronic drivinag,
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amplifying, and recording circuitry. One set of coils is embedded in 301l as
the strain sensing element; the other is externally positioned to serve as a
reference., The principle of operation is that of an air core differential
transformer vith a null balancing system to permit accurate measurements of
small strains.

The gage is a reliable precision measuring device. Results of static and
dynamic evaluations prove the coils can be consistently placed in soil speci-
mens vithin spacing and alignment requirements. Thus, the gage accurately
defines the relative position of two points in soil and sccurately measures the
change in spacing of these points when the specimen is strained.

The gage appears well suited for measuring strain in soil. With further
investigation of the distorting effect of the gsge on the adjacent strain field,
and appropriate modifications to reduce this effect, the gage may be used to
reliably measure both static snd dynamic strains vithin a very small gage
length.

SwC-TDR-63-5 AD-40S 124
CALITRATION OF A 6-PO0T AND A 2-FOOT DIAMETER SHOCK TURE

29(601)-k523: Air Porce Shock Tube Facility

June 1963

U

This report discusses the rirst phase of calidration of the 6-foot and
2-foot diameter shock tubes located at the Air Force Shock Tube Facility,
Kirtland Air Porce Base, Nev Mexico. The report is concerned primarily with
calibration of the 6-foot shock tube, but some data from the 2-foot shock tube
vere used in theoretical analyses of the 6-foot shock tube,

The 6-foot shock tube vas calibrated using varying specific primacord high
explosive charge ratios as tha driver to generate air shock strengths ranging
free 1.83 to 9.33 (overpressures of 10 psi to 100 psi respectively), st the air
test and soil test sections. Overpressures at the air test and soil test
section vere monitored with pressure transducers mounted flush with the shock
tube valls. Pressure transducers were ARF barium titspate and Granath 5T-2
goges. For an overpressure of 100 psi at the uwir test and soil test sections,
the average maximum positive phase durstion vas about 190 miiliseconds.

Pundamentals of thermodynamics vere applied in a theoretical anslysis of
+he shock tubes. From this analyaiz it vas found more data vas néedea to
completely calibrate the shock tubes.

SWC-TLR-A3-6 : AD-80S 123
STUDY OF THE COLLAPSE OF SMALL SOIL~SURROIMDED TUBES

29(601)-4927: MNassachusetts Institute of Technology

June 1963

U

This report descridbes & progrem of experiswotal snd thearsiicel work
concerning failure of structural tubes surrouaded by o thizn lager 2f goll,
loaded Ly uniform external radial presaure. ¥Froperiles and thickness ¢! tha
s0i1 layer vere varied, and the pressure &t vhizh the tube failed, ax vell as
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deformations of the tube before and after fallure, were observed. Theoriea
basad on idealized models of suil-structure jnteraction were developed. Experi-~
mental reaults were then correlated with these thecries to determine which, {?
any, theories explained the behavior of the samples.

In addition to this work, a new test apparatus was designed and built, in
preparation for similer tests with tubes buried under a plane soil surface.

SWC-TDR-63-26 AD-L09 k56
STUDY FOR DEVELOPMENT OF RECIPROCITY PROCEDURES FOR ANALYZING DATA FROM
UNDERGROUND EXPLOSION TESTS

29(601)-5132: Space Technology Laboratories

June 1963

U

The purpose of this study vzs to explore the theoretical and practical
feasibility of using ground motion messurements at the surface from an under-
ground explosion test to determine the response cf an underground cavity to a
traveling surface pressure pulse. The investigation shcwed average cevity
astrain history can be determined by applying a dynamic reciprocity theorem; an
IBM TO90 program was then developed to carry out necessary computations. Vhen
more general types of cavity response to a given surface pulse are desired,
dyramic reciprocity requires, as part of the input information, surface response
to lcads applied on the cavity.

However, the dynamic reciprocity relationship developed in this investiga-
tion is subject to some limitations which restrict its scope. First, when data
ottained from underground explosions are used as input, dynamic reciprocity
yields only the average radial displacement of the cavity, i.e., volume change.
An underground blas{ cannot furnish data needed to determine the complete
history of cavity displacement, because an explosion in a closed cavity is a
pressure pulse which has no resultant force. Therefore, measured surface
displacements, when used with the dynamic reciprocity relation, yleld only
mean radial displacement time history, or volume change. Information on rigid
body translation and cavity distortion, which is important for adequate design
of underground iacilities, is not obtained.

SWC-TDR-63-27 AD-40S 120
THE 13E OF ROCK FILTERS TC ATTENUATE AIR SHOCYS

29(601)-4520: Air Force Shock Tube Laboratory

Merch 1963

ouo

Tals report describes tests performed on 2-foot~diameter rock filters for
use as shock-attenuating devices in ventilation systems of protective, under-
ground structures. Lengths varying from 1 to 4 feet, made up of 2-inch and 5-
to T-inch cobbles, were tested through an overpressure range of 30 to 100 psi.
Pressure readings were taken of incident pressure (input) on the filters, and
transmitted pressure (output) through the rock filters. Static pressure drops
for steady flow for each filter were also measured thrcugh a range of volume-
flov rates.
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Wilh the aid of theory research data were adapted to small, personnel
shelters utilizing a rock filter and pleanum volume behind the rock filter.

SWC-TDR-63-43 AD-k11 367
A THEORETICAL ANALYSIS OF STRESS WAVE INTERACTION IN A MODEL SCIL

29(601)-5395: National Engineering Science Company

June 1963

U

In this study an attempt was made to fermulate and solve by analytic
methods a problem of stress wave interaction, using a atructure duried in a
nonlinear, soil-like medium, After concidering the literature on tneories
of inelastic solids, a model was chosen to represent soil behavior under large
compressional transient stresses. This model has a bilinear compressional
stress-strain curve in & conventional uniaxiael test, with unloading wehevior
similar toc that obsei~red experimentally in metals end certain soils.

The structure chcsen was a cylinder of infinite density and rigidity. The
stress wave form chosen was a step megnitude just sufficlent to cause incipient
Yielding of the medium. Rumerical solutions were obtained which indicate that,
after an initial loading Jjump duve to impingement of the stress wave on the
front cylinder face, unloading takes place, followed by subzequent reloading.
Quantitetive estimetes of loadings on the front cylinder tace during unloading
were not obtained.

SWC-TDR-63-45 AD-L16 673
RESEARCH STUDIES ON FREE FIELD INSTRUMENTATION

29(601)-194k: United Electro Dynamics, Inec.

June 1963

U

The design of a gage capeble of nmeasuring free-field stress, strain, and
acceleration is reported. Prototypes baseid on the design were fabricated and
tested in a test tank capable of producing dynamic pressures up to 800 psi and
static pressures up to 1,000 pasi. The gages were used to investigate the static
and dynamic characteristics of the test tank.

Developmental soil gage prototypes and a field system wer~ daveloped for
and used in & nuclear field experiment. A description of this field system and
teot reeuli: zr2 “iven {r AppensA?-—- ®

The field system was later refabricated into tvo systems; ons remained at
UED, the other was delivered to the Air Force Shock Tube Facility for further
evaluation. A description of the Shock Tube Syetem is given in Appendix C.

SWC-TDR-63-47T AD-423 T39
EXPERIMENTAL STUDY OF THE EFFECT OF MATERIAL PROPERTIES ON COUPLIFG OF EXPLOSION
ENERGY

29(601)-5360: United Research Services

May 1963

U

An erverimental study was made of the influence of material properties on
the directly transmitted effects of explosions. Small spherical high-explosive
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charges vere used to load a series of cylindrical blocks of fine sggregate
concrete, either at the surface of a dblock, within a bloeck, or at the contact
surface of tvo blocks. Measurements were made of the variztions in concrete
properties, of the total impulse delivered to the bdlock supports, of the perma-
nent deformations and craters, and of the air-blast pressures. It was found
that material properties have a major effect on the total impulse transmitted
to the mstcrial, little effect on the air blast waves, and a very large influ-
ence on ae sizes and shapes of the craters produced. Although crater dimensions
appear . to vary approximately as the cube root of charge weignt, both the
crate. volume and the total impulse varied by at least & factor of two, and
scaled -rater depth appeared to be approximately independent of burst geometry.
The comp essibility, as measured by Young's modulus, srpeared to have the
grestest effect on impulse, whilec the internal shear strength and other proper-
ties reflecting the internal structure of the material had greatest effect on
erater dimensions.

SWC-TDR-63-48 AD-
FEASIBILITY STUDY OF METHODS FOR DYNAMIC THREE-DIMENSIONAL PHOTOELASTICITY
29(601)-5362+ Armouvr Research Foundation

June 1963

U

The purpose of this research program was to investigate the feasibility of
using photoelasticity and Moire methods to obtain dynamic three-dimensional
stress distributions. Photoelasticity methods considered include acattered
light techniques, embedded polariscopes, and embedded photoelastic layers in
optically insensitive materials. During the course of the program physical and
optical properties of a number of model materials were determined, effect of
stress Polaroid materials was established, and seversl preliminary model studies
vere conducted using impact loadings. As a result of these experiments, the
embedded polariscope technique has been selected as the most suitable methed
for immediate spplication to dynamic three-dimensional probdlems. Instrumenta-
ticn and calibration procedures required for studies of this type are discussed.

SYC-TDR-63-53 AD-L1]1 132
CIOSE-IN EFFECTS FROM NUCLEAR EXPLOSIONS

29(601)-5008: Armovr Research Frundation

June 1963

U

This report presents an analytical treatment of close-in effect from sur-
face and subsurface nuclear explosions, including an analysis of several real
materials, leading to computation of both nuclear and chemjcal explosive effi-
clencies. By comparison of these efficiencies a nuclear-HE equivalence is
established for full contained and shallov-buried bursts, from vhich effects
such as cratering may be scaled. Equivalences are dependent on material proper-
ties, such as water content, vaporization level, and Hugoniot relations. For
all materials treated, equivalences range between 30 and L0 percent for subsur-
face explosions, and about 2 percent for nominal yield surface bursts. Surface
burst equivalence is shown to be largely dependent on weapon volumetric energy
releass. Methods for predicting free-field flow variable behavior are also
presented.
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The report also contains an analytical method for predicting surface spall
resulting from deep subsurface explosions. Results are dependent on both tensile
and shear strengths. In addition, a one-dimensional model describing stress
propagation in resl materials is presented, utilizing a materiel description
independent of any specific stress field. This analrusis shows that dissipation
effects in plane waves, which have been attributed to strain rate e?fect, can
equally well be accounted for by deviatoric effects.

RTD-TDR-63-3020 AD-433 965
A STUDY OF THE DESIGN AND ANALYSIS OF FOUNDATIONS

AF 29(601)-519T: IIT Research Institute

January 196k

U

The behavior of foundations for protective structures was studied through
a combinstion of theoretical and experimental research. Particular emphasis
vas placed on formulating a mathematical model which accurately predicts the
groes motion of & dynamically loaded footing. A single-degree-of-freedom
model incorporating a linear damping factor was developed and the results
obtained from this model were correlated with iesults from experiments performed
under previous contracts.

Other studies reported includc three-dimensiocnal static experiments of
smell model footings on cohesive soils; static experiments on a cohesionless
soil where the footing and surrounding soil were subjected to coverpressure;
formation of the logarithmic spiral failure surface for bearing capacity of
continuous foundations; and solution of a dissipation mechanism for dynamic
801l behavior.

RTD-TDR-63-3021 AD-}15 362
INTERACTION OF PLANE ELASTIC WAVES WITH A CYLINDRICAL CAVITY

A¥29(601)-500T: University of Illinois

June 1963

U

A method is presented for computing stresses in the vicinity of a long
evlindrical cavity in an infinite, elastic, isot~~pic, homogenous medium vhen
the ..rity is enveloped by a plane stress wave traveling perpendicular to its
axis. Hoop stresses at the cavity boundary were computed for a wave of dilata-
tion and a wave of pure shear; stresses in the medium away from the boundary
vere computed for a wave of dilatation. Initially the stress behind the inci-
dent wave front was considered constant. The effect of a stress decay dehind
the front was then computed using the Duhamel integral for the case of an
incident wave of dilatation.

The method of solution involves superposition of the stress field of an
incoming plane step wave and a stress field corresponding to waves vhich
diverge from & line source.
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RTD-TDR-63-3023 AD-L19 631
PROJECT 1080 RESEARCH SUMMARY

In-house

Pebruery 1964

U

This report contains summaries of all research reports dealing vwith
nuclear veapons effects on hardened structures, published under Project 1080
by the AFWL Structures Branch (formerly the AFSWC Structures Division) and
predecessor organizations from July 1951 to February 1964, Bection I contains
edited abstracts of unnumbered reports end technical documentary reportr.
Section II 1ir.s all reports by document number (unnumbered reports are listed
chronologically), Section III lists reports by subject area, and Section IV
lists reporte by contractor.

RI'D-TDR-63-302k AD-419 316
GAGE PLACEMENT SUTDY

AP 29(6C1)=5412: Armour Research Foundatica

August 1963

U

A study has been made of the various factors wvhich affaet the behavior of
geges in soil. The ultimate objective of the study is to provide guides and
recommended procedures for gage placement. Previous field and laberatory
experience wvith stress, =train, and motion measurement in s0il has been
revieved and a list of references piuvided. This was supplemented by an
experimental investigation of embedded accelsrometers to determine the impor-
tance of gage density snd placement procedures on gage response.

The most importent Pactors influencing motion measurement appear to be (1)
gege dengity in relation to the soil and (2) placement conditions. Reproduci-
bility of peak acceleration measurements was within +15 percent on the average.
For a variation in accelerometer density of 55 percent, & 12 percent difference
in peak accelerstions was observed for pendulum tests in sand and a 37 percent
difference for shock tube tests in clay. Changing the stati: compaction pres-
sures for placement of geges in clay from 12 psi to U2 psi resaulted in a
decrease of 22 percent in the peak a~celarations recorded.

RTD-TDR-63- 3025 AD-410 518
BIBLIOGRAPRY OF EXTRATFRRPIPRYAL, AFSTARCH

In-house

June 1963

U

This bibliography on extraterrestrial research is subdivided into the
following categories: Astrodiology; Astronomy end Cosmology; Cratering Phenom-
ena; Extraterrestrial Matter; Materials; Meteoritic Cratering; Moon (Atlases “
and Photography, Configuration, Experimental Research, Exploration and Basing ;
Concepts, Lunar-Earth Phenomsna, Lupar Trajectories, Surface Materials, mna
Topographical Features); Planets; Pover Systems; Space Vehicles and Probes;
Tektites; and Vacuum Environmental Simulation. Each category is separately
alphabetized and cross-indexed. Where more than one article sppears for any
one author, they are listed in chronological order.
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RTD-TDR-63-3041, Vol I AD-3L48 510
EVALUATION OF TUNNEL LINERS IN GRANITE SROT HACDHAT = ODERATION NOUGAT

AF 29(601)-4993: Univergity or Illinois

February 1954

]

The Hard Hat event was undertaken to investigate the structural systems
required to give a high degree of survivability to deep underground structures
vhich are subjected to the effects of a nuclear burst. The basic concept for
the design of the structural systems was to provide a structural lining sur-
rounded by a soft packing material to 1soclate the lining from the rock. The
test results are analyzed with particular reference to the structural behavior
of the test sections. Two methods of analysis have been used to interpret the
measurements, The first method employs displacement-interaction diagrams which
incorporate the effects of the strength of the liner, the stiffness of the liner,
the yield strength of the packing, and the thickness. The validity of these
aspproaches is evaluated by comparing the observed behavior of the test sections
with that indicated in the analysis. Reports on pretest plamning and msterial
properties are included in Volumes II, III, ana 1Iv.

RID-TDR-63-30Lk1, Vol II AD-U33 205
EVALUATION OF TUNNEL LINERS IN GRANITE SHOT HARDHAT, OPERATION NOUGAT

AF 29(601)-4993: University of Illinois

rebrvary 1664

)

This volume conitaiuc & report, with some editorial .eviesion, lasuea
initially in draft form in September 1960 under Contract AF 29(601)-2151. It
contains a summary of the studies made to establish the basis for the design of
the experiment, and it summarizes the details of the tunpels and linings used
in the experiment. This appendix is Phase I of the final report on Contract
AF 29(601)-2151.

RID-TDR-63-30k1, Vol III AD-433 191
EVALUATION OF TUNNEL LINERL [N GRANITE SHOT HARDHAT, OPERATION NOUGAT

AF 29(601)-4993: University of Illinois

February 1964

U

This velume contains the results of tests of various materials considered
for use as backpacking in the Hard Hat tests.

Specific trade names and manufactursrs are referred to in this volume to
dafins the materlals tested mOre completely. In most instances similar mater-
ials are available from other manufacturers. Use of spacific t:ade names
herein should be interpreted only as e more complete definition of the charac-
teristics of the materials actually tested. Since no effort wvas made to obtain
random samples of materials, the results presented may not be representative of
the materials in general. FMurther use or publication of the data herein for
any purpose without prior spproval of ths Air Force Weapons Laboratory is not
suthoriged.
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RTD~-TDR-63-3041, Vol. IV AD-433 192
EVALUATIGN OF TUNNEL LINES IN GRANITE SHOT HARDHAT, OPERATION NOUGAT
29(601)-4993: University of Illinois, Urbana, Illinoie

FPebruary 1964

U

This volume summarizes work accomplished under Contract AF29(601)-2151.
The material herein has not been presented previously. This volume constitutes
Phase III of the final report on Contract AF29(601)-2151.

In an effort to document the physical properties of the steel used in the
structural tunnel linings for the Hard Hat experiment, tests were made on samples
provided by the two contractors who performed the construction. The samples pro-
vided by che original lump-sum contractor are identified herein as Group I, and
those provided by the contractor who completed the construction are identified
as Group II. In all cases, samples were provided from each mill heat from which
the actual linings were fabricated.

Segments of lining corresponding to one-half the circumference of the com-
pleted lining were supplied as part of the original order for each type of tunnel
lining. Since the 10-inch-wide flange-rings were made up of two flange plates
welded to a web plate, one 8~inch by 10-inch plate was supplied for each thick-
ness of material used. In addition, one 12-inch length of corrugated tunnel
liner plate was provided for each gage used in the Group II materials. This
short scgment was provided from the material before it was formed to the 36-inch
internal rading: that is. the vlate was corrugated but was not curved. No such
flat pilece was provided from the Group I materials.

RTD-TDR~63-3041, Vol. V AD-4.7 611
EVALUATION OF TUNNEL LINERS IN GRANITE SHOT HARDHAT, OPERATION NCUGAT

VOLUME V: REMOVAL OF TUNNEL LINERS

29(601)-4993: University of Illinois, Urbana, Illinois

August 1964

U

This report describes the rewovas oi rvur tunnel liners in the HA™D HAT
complex to determine the exteatr una type of damage to the surrounding rock.
Although there was considerable crushing of rock at some locations, there was
no evidence that classical spalling of rock had occurred.

In contrast to the considerable rock damage cobserved in the two unliued
sections in C-Drift, the 1ock surface behind the two liners removed in C-Drift
appeared to be undamaged.

From tests conducted on recovered samples of polyurethane foam, it was

possible to make estimates of the minimum thickness to which the foam had been
crushed during dynamic loading.
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RTD-TDR-63-3048 AD-424 414
STRESY WAVES IN CRANULAR MATERIAL

29(601)-2855: Paul Weidlinger, Consulting Englneer

July 1963

U

The results cf research into stress wave propagation in granular media are
presented. The purpose of thir work is to clarify air-induced ground shock
phenomena in s0ils, leading to reliable analytical methods of prediction, and
to provide guidance for experimental verification and research.

This final report summarizes work on one-dimensional wave propagation in
bilinear, locking, and compacting materials, and presents the first results of
the extension of these researches into two-dimeusional wave phenomena in the
game nonlinear media.

RTD~TDR-63~3052 AD~603 167
SCATTERING OF TRANSIENT _LASTIC WAVES BY A CIRCULAR CAVITY

29(601)-5395: National Engineering Science Company

January 1964

U

This report presents solutions to two problems of transient wave scattering
from a circular cylindrical cavity in an infinite elastic solid. The first
problem is that of a cylindrical cavity subjected tc a suddenly applied concen-
trated line load at the interior. The second is that of a traveling transient
plane compressional wave impingiag on the :avity wall.

Formal solutions are obtained for both problems by emplcying double
Fourier integrals, using a double integral transform (Laplace for time and
Fourier for circumferential coordinate angle). The integrals represent circum~
ferential waves, governed by particular branches of the complex frequency
equation. In particular tne Rayleigh waves on the cavity surface, which cor-
respond to a limiting high frequency (large wave number pair), are evaluated.
They are found to be independent of the circumferential coordinate, nondecaying,
cad periodic in time. Thus they predomic-te in long time solutions and produce
sizable disturbances not previously considered.

RTD~TDR-63~3055 AD-423 417
DEVELOPMENT GF AN APPARATUS FOR THE DYNAMIC DIRECT SHEAR TESTING OF SOILS
29(601)-5174: University of Notre Dame

October 1963

U

The objective of the work reported herein weas to design and develop a
pneumatic divect shear device which can force soil failures on a chosen plane
by either dynamic or static loadings.

Design criteria, design, construction, and operation of the device, as well

as the instrumentation usid to control, measur:, and record the soil loadirg
phenomena are each discussed in detail.
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The arparatus can produce separate or synchronous normal and shear loads
up to 500 pounds and cen accommodate specimens up to 4 inihes in diameter and
0.75 inch thick. Time intervel for the strain loadings can be varied from 1.0
millisecond to days.

The present facility is operable end an extensive soll testing program is
currently being undercaken.

RTD~TDR-63-3059 AD-424 401
TWO-DIMENSIONAL DYNAMIC STRESS ANALYSIS IN A NONELASTIC MATERIAL

29(601)-5109: 1IT Research Institute

Novembar 1963

U

Thie program is one of a seri.s of related programs whcse ultimate objective
is to provde technical information for the design of underground structures
capable of withstanding the extremely high pressures generated by nuclear
exploeions.

One approach to this problem has been the experimental study of stress-wave
prupsgation snd interaction with discontinuities in soil-like media. Soft near-
slastic media have been used in the past and methods of dynamic photoelasticity
and moire _rids have been developed for the solution of dynamic elastic stress
analysis problems. In the present program a viscoelastic medium has been
selected to more closely simulate soll characteristics.

The specific objective of this program was to develop materials, methods,
and techniques for two-dimsnsional experimental stress analysis in viscoelastic,
polymsric materials. A great number of polymeric photoviscoelastic materials
vrre irvestigated and one was selected as suitable for the program. This was
plasticized Polyvinyl Chloride, a low-modulus, transparent, and birefringent
viscoelastic material. Mechanical and optical properties under creep and
relaxation conditions were determined. Dynamic Mechanical ana optical proper
ties were determined by mesans of forced sinusoidal oscillations over a wide
rangs of rrequencies.

Photoviscoelastic and moire methods were developed for solving two-
dimensional dynemic stress analysis problems and their appiication is demonstra-
ted for a strut subjected to a falling weight load.

RTD-TDR-63-3060 AD-426 318
A STUDY OF STATIC AND DYNRAMIC RESISTANCE AND BEHAVIOR OF

STRUCTURAL ELEMENTS

29(601)-5372: 1I1IT Research Institute

January 1964

U

The objective of this research program is to datermine the behavior of a
number of simple structursl elemsents, embedded in & soil medium and subjected
to static and dynamic loads. During the first year of the prograa, covered by
this report, techniques were developed for making the determinations, and
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studies were conducted on four cylindrical shell models 'inder static leading.
Thiree models had hemleoherical end closures with dlameter-thickness ratios,
(D/t>, of 40, 80, and 160. The fourth model had a D/t ratic of B2 and ar ead
closure system which could not tranemit loa< to the shell. Most of the work
used a dry cohesionless so0il medium of uniformly graded silica sand (Ottaws
sand). The model with hemispherical h ads and D/t ratio of 80 was also studied
in a cohesive 80i] medium of silty clay.

In the nain body of the report an analysis is giveu of the behavior cf the
central tcansverse plane of each shell. Conclusions are drawn regarding the
influences of model stiffness, soil media, overpressure ‘eval 2and ~-ni-closure
cystem on hoop and longitudinal memprane ferces and bending momeuts in the shells.

RTD-TDR-63 61 AD-429 039
STUDIES IN AXIALLY SYMMETRIC WAVE PROPAGATION PROBLEMS IN PIL.JTIC

AND HYDRODYNAMiC MEDIA

29.601)-4965: Stanford Research Instituce

January 1964

U

This report outlines a finite difference method for computing motions of a
general elasto-plastic-hydrodynamic materigl. The constitutive equations are
those propcsed by Grigorian and thus include both volume and shear plasticity,
The method uses diff-vences of function values at points on characteristic wave
front surfacer. The characteristic difference equatious have been established
and & procedure for computing motions is described, but no solutions have been
obtained.

The solutions of some relatively simple flow problems in locking solids are
also described. The shperical case has been zolved in detail, using both ana-
lytical and characteristic numerical methods; a special class of solutions f-r
the axially symmetric problem has been nbtained, and the characteristic cif-
ference procedure for numerical sclutione has been formulated.

RTD-TDR-63- 3064 AD-425 53¢

USE OF MJIDELS TO PREDICT THE BEHAVIOR OF DYNAMICALLY LOADED UNDERGROUND STRUCTURES
29(601)-5359: Iowa State University

January 1964

u

Simtlitude requirements for predicting the dynamic respunse of underground
structures wvere investigated, and the validity of prcposed model design couditi-mns
vas checked e.perimentally. The structures used in the tests were hollov aluminum
cylinders instrumented with SR-4 strain gages. Most of the test specimens were
circular cylinders having diameters of 4 inches, 2 inches, and 1 {ach. Somesdata
are also presented for structures having square croes sections. ia sll testa the
structures were buried in dry Ottewa sand. [hree different types ¢f loading
devices were used in the test progras: a drop-weight loader, & vertical shock
tube, and s heorizontal shock tube. Peak straic and complete strain-time curves
were obtained for various depths of burfal, end a detailed analysis of the dats
ic presented. Por the series of tests performed with the horizontal shock tube
no consistent data were obtsined and a <iscussion of the discrepancies encountered
is presented. Seve-al se.les of tests were complated with the drop-weight loader
and the vertical shock tube. The results of these tests indicate that the pro-
posed similitude requiremants sre satisfactory within the renge of paremsters
investigated.

D-19




Rt Mo M A lorhisiintiiang o

et e i’ g

RID-TDR-63-3073 AD-L25 990
THE CALIBRATION AND INTERPRETATIOR OF RECORDED SHOCK-TUBE PRESSURE DATA USING
PIEZCELECTRIC SENSORS

AF 29{601)-6002: Air Force Shock Tube Pacility (University of New Mexico)
November 1963

U

This report is a guide for calibration and analysis of recorded pressure
dsta. Many of the techniques and areas covered are also applicable to other
types ol gages, e.g., strain, velocity or acceleration. Photographs of typical
snock-tube data are used to famjliarize the reader with the appegrance of a
true pressure pulse which has been modulated by the effects of resonance, over-
shoct, groundloops, inadequate bandwidth, eud poor gage isolstion. .

RTD-TDR-63-3075 AD-L27 820
A STUDY OF THE DYNAMIC SOIL-STRUCTURE INTERACTION CHARACTERISTICS OF REAL SOIL
MEDTA

AF 29(601)-5537: United Research Services

January 1964

U

This report describes an experimental and theoretical study of the dynamic
soil-structure interaction characteristics of real soil media. An extensive
list of the more important references obtained from a litersture search is
included. Basic concepts of passive and active arching phases of soil-structure
interaction, including equations representing static behavior, are presented.
The experimental program consisted of a study of scil-structure interaction on
small, idealized, cylindrical structures buried in a sand medium subjected to
dynamic loads. Test dats obtained indicate that very large overstresses are
produced by passive arching. The deta also show that overstress due to inter-
action is dependent upon depth, stress level, relative density of soii, length-
to-span ratio, and the compressibility cf the structure. The theoretical
program consisted ot an investigation of the dynamic response of a simple cubic
vracking of spheres for waves of low streas levels. Certain boundary value
probiems, representative of phases of soil-structure interaction, were reduvced
to a form for numerical evaluation.

RTD-TDR-63-3078 AD-k21 559
STATIC AND DYNAMIC BEHAVIOR OF A PLAYA SILT IN ONE-DIMENSIONAL COMPRESSION

AF 29(601)- 6107: University of Illinois

September 1963

U

One-dimensional static compression tests, dynamic und repid limited radial
strain compression tests, and unconsolidated-undrained triaxial tests were
performed on speciuens from the Nevada Test Site Frenchman Flat playa. Statice
axial stress-strain properties and radial stresses for gzero radiel strain are
presented for a maximum axial stress of 5,480 psi. Repid and dynamic axial
stress-strain pror-rties and radial stresses for limited lateral strains are
presented for maximum axiel stresses varying from 3,900 ps® to 20,300 psi.
Stress-strain relstionships and shear strength parameters are presented for
the triaxial tests for a maximum stress difference of 380 psi.

D-20




RTD-TDR-63-3082 AD-LL3 OT1
DYNAMIC MODEL TESTS, NORAD COMBAT OPERATIONS CENTER

In~houre

June 196k

u

A study is presented cn the design and test of a model vhich is dynamically
simiiar to the Scuth Building of the NORAD Combat Operations Center complex.
The primary objective of this investigstion was to study the behavior of a
shock-isclated building module subjected to dynamic loading. The design of 2
scaled model and its important parameters are presented. Dynamic rigid body
response of a bullding module mounted on coil springs has been analyzed. Theo-
retical scaling relationships and governing displacement-time histories and
acceleration-time histories are derived. Test results and analyses with a
comparison of the theoretical predictions are presented. The resuli2 shov a
verification of response predictions; it is concluded that response predictions
for the actual facility to similsr scaled inputs are valid.

RTD-TDR-63-3085 AD-450 57z
ANALYTICAL AND EXPERIMENTAL INVESTIGATIONS OF SILO AND TUNNEL LININGS

AF 20(601)-5384: IIT Research Institute

January 1964

U

This report presents results of analytical and experimental investigations
of the response of 8ilo structures to nuclear bdblast induced loadings  Radial
shell motion, longitudinal sile bending, and longitudinal sile skin frictionm
loading sre all discussed.

An enalytical method vwes developed to determine tli2 radial response of a
¢ylindrical shell engulfed by a plane stress wave. The structure wvas idealized
as a system of lumpel masses connected by inextensional bars. The surrounding
soil wvas given nonlinear characteristics and the structure was loaded by s
traveling stress wvave which can be given a step or variable linear rise to peak
wvith a constant value or exponential decay after the peek.

A Qynamic method of analynis was formulated to investigate the response
of 8ilo linings to a prescribed iime-dependent free field displacement function
that varies with depth. A lumped parameter system was used to represent the
structure. Both bending and shear rigidity were included in the analysis. Ioads
vere assumed to be generated from the igid body relative displacement and
velocity of the structure with respect to the free fielad,

Twvo theoretical methods were used to investigete the magnitude of vertical
skin friction loading on silos. The first used the "friction-circle” method
to determine the vertical load carried by the silo at soil failure. The second
method made use of the limiting equilibrium concapt as applied to an axiaym-
metric problem. Numerical results for both investigations are presented in
the form of skin fric ion to cverpressurs ratios for various silo shapes. An
extensive series of experimental silo push-out tests wvas performed to check
the theoretical sovk,

A well instrumented segmented silo model wes used to determine the distri-
bution of the skin friction loads. The location of the neutral axis of bdending
vas determined for a structure in loose and dense sand.
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PrD-1DR-63-3089 AD-42k 192
HE BEHAVIOR OF SAND IN ORE.DIMENSIONAL COMPRESSION

AF ¢3(601)-5617: University of Illinois

October 1963

U

The behavior of sand in one-dimensional compression was investigated with
both thecretical and experimental studies. Phenomenological aspects of one-
dinensional behavior, such ag stress-ctrain characteristics, energy absorption
capacity, and coefficient of earth pressure at rest are discussed.

The enalytical study deals with stress-strain relations of an idealized
granular medium composed of elastic, equi-radii spheres in a face-centered
cubic arrey. A nev szolution is derived for the arrsy behavior when subjected
0 a monotonically increasing ixiel compressive stress for the conditien of
zero radial strain.

An experimental device is described which is capable of measuring the
radial stresses deveioped {n high-pressure, one-dimensional tests. Measurements
of both the coefficient of earth pressure at rest and the stress-strain proper-
ties are presented for four sands tested to an axial stress of 3,290 psi.
Correletions sre presented vhich compare the actual behavior of a rounded,
uniform, quarts send in one-dimensional and triaxial compression with the
behavior suggested by the theoretical analysis.

RTD-TDR-$3-3091 AD-L33 522
A STUDY OF THE PARAMETERS WHICH AFFECT SCALING OF UNDERGROUND STRUCTURES

AP 29(601)=5340: MRD Division of General American Transportation Corporation
Jenuary 196k

U

This report contains results of an experimental investigation to determine
the effect of variation of parameters involved in dynamic modeling of under-
ground structures subjected to blast overpressures at the surface.

R?D-TDR-63~3092 AD-43l OTY
BEHAVIOR OF SIMPLE AND RESTRAINED DEEP REINFORCED CONCRETE BEAMS UNDER STATIC
LOADING

AP 29(601)-b578: University of Illinois

March 196k

U

The purpose of this investigation is to determine the influence of end
restraint on the strength and behavior of reinforced concrete deev members
subjected to slovly applied loads es a basis for the development of minimum
Gasign considerstions. The end restraint was spplied in such a manner as to
sismulate that vhich would be developed in continuous beams or frames.

Static tests vere made on fifteen beams of whi:h five were simply
supported and ten were restrained.

D~22

O




i | e e ———T T T R

oy e T p—y T

£ —e—

The investigaticn iz concentraied on the crushing stage as the last stage
for vhich meaningful concrete strains were available. It is shown that deep
beams do have a cepacity beyond crushing in terms of defisctions, and,
sometimes, of moments. This reserve capacity is not now predictable in the

same manner as the procedure developed herein to predict the capacity at
erushing.

PTD-TDR-63-3096, Vol I AD-LiL 624
DESIGR PROCEDURES POR SHOCK ISOLATION SYSTEMS OF UNDERGROUND PROTECTIVE
STRUCTURES

AF 29(601)-4565: General American Transportation Corporation, MRD Division
June 196h

U

The primary purpose of this report is to provide guidance for designers
of shock isolation systems during the initia) phases of aesign. Volume I
presents methods for estimating appropriate free field waveforms and the
infiuence of soil-structure interaction upon interior structure motion.
Volume III of RTD-TDR-63-3096, prepared by Newmark-Hansen Associates, presents
methods for synthesizing peak relstive response spectra from the spectra char-
acteristics of pulse of simple shepe.

The inherent error in shock isolation design is +20 percent; to reduce
this, mch more soil test data than is now available will be required. Further, e
based on purely theoretical arguments, shock isolation per se can be eliminated !
for much equipment used in hard instellations. If isolstors are required they i
should be designed as low--frequency systems that impose one g acceleration on '
the isolated equipment. Increase of the acceleration to be tolerated by the
equipzent will, in the great majority of instances, reduce neither the rattle
space required nor the isclator cost.

Methods for making the necessary computations are given.

RPD-TDR-63-3096, Vol II AD-627 597
DESIGN PROCEDURES POR SHOCK ISOLATION SYSTEMS OF UNDERGROUND PROTECTIVE
STRUCTURES

AF 29(601)-6253: General American Transportation Corporation, MRD Division
September 1964

U

This volume presents methode for estimating appropriate free-field wave-
forms resulting from directly induced ground shock and the influence of medium-
structure interaction upon interior structure motion.

The medium is represented by an acoustic model and the structure by an
infinitely long cylinder whose longitudinal axis is horizontal and perpendicular |
to a ray connecting it with the point of detonation. Both shell and medium f
parameters are varied to determine their effect on resultant interior motions.
The parameters which influence interior motions are ranked in order of physical
importance. A method for applying the results of the program to design problems
is presented and a sample calculation is included.
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RTD-TDR-63-3096, Vol III AD-LuL 989
DESIGKN PROCEDURES POR SHOCK ISOLATION SYSTEMS OF UNDERGRCUND PROTECTIVE
STRUCTURES

AP 29(501)-k565: Newmerk, Hansen and Associates

June 396k

4]

A discussion is presented of responase specira for single-degree-of-freedom
systems subjected ¢c different forms of ground excitation.

In the study of elastic systems, the sensitivity of the response to varia-
tions in the detailed characteristics of the input motion is discussed. For
each class of forcing function, simple approximate rules are prasented for the
construction of spectrs for complex input functions by compounding the spectra
for the "dominsnt" component pulses of the input function.

In the studies of inelastic systems, primary attention is given to elasto-
plastic systems and, in an explorstory way, to bilinear systems of the softening
type. FKesponse spectrs are presented from wvhich the yield resistance required
to limit the maximm deformation of the system to a prescribed multiple of its
limiting clastic deformation can be determined directly.

The maximum deformation of an inelastic system is related to that of an
elastic system having the same initial slope in its resistance~-deformation
diagrem and, for certain conditions, simple design rules are formulated for
the construction of deformation spectra for elasto-plastic systems in terms of
the corresponding spectra for the associated elastic systems.

RTD-TDR-63-3096, Vol IV AD-627 870
DESIGN PROCEDURES FCR SHOCK ISOLATION SYSTEMS OF UNDERGROUND PROTECTIVE
STRUCTURES

AF 29(601)-6253: Newmark, Hansen and Associates

January 1965

U

The purpose of this study is to develop simple rules for the designer
80 that he mey be able to predict the maximm responses of two-degree-of-
freedom elastic and inclastic systems under various types of ground shock
excitation. The true responses of two-degree-of-freedom systems both in the
elastic range and in the inelastic range, when subjected to five different
forms of ground excitation, are compared to the modal response of the same
systems. Simple expressions are given for linear two-degree-of-freedom mass
and spring combinations from which modal parameters can be cbtained., From
these, modal parameters and the response spectra for one-degree-of-freedom
systems for various excitations, as presented in Volume III of this series of
reports, one can determine bounds and probadble values of the response.
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A detailed study 1s reported of a two-degree-of-freedom system subjected to
a step velocity pulse at the base, having various combinations of elastic and
inelastic response. In addition, a series of solutions of two-degree-cf-freedom
systems is presented for comparison with various approximate rules for deter-
mining bounds to the response in the various springs of the system. Considera-
tion 1s given to the effect of damping, and to types of excitation other than
those considered directly. The results are given in the forms of graphical
comparisons and tabulated data, as well as recommendations for use by the
designer. Bounds for the response of inelastic systems are given in terms of
the corresponding responses of assoclated elastic systems.

RTD-TDR~63-3096, Vol. V AD-627 516
DESIGN PROCEDURES FOR SHOCK ISOLATION SYSTEMS OF UNDERGROUND

PROTECTIVE STRUCTURES

29(601)-6253: Newmark, Hansen and Associates

April 1965

)

A discussion of maximum response for multi-degree-cf-freedom systems is
presented in some detail, with some results for ten-degree-of-freedom systems
and other systems for which data are available in the literature. Included are
tabulated response data computed from step-by-step integration of the equatiens
of motion for five different forms of ground excitation on a number of systems
having varying parameters of mass and stiffress distribution. The results are
compared with the modal responses for the same svstems, and general rules are
developed for comparing the true responses with various combinations of the
modal response data.

Consideration is given to treatment of a multi-degree-of-freedom system as
a continuous shear beam, and some generalizations are drawn from the study which
enable a better interpretation of the results of the specific data tabulated in
the report. Some suggestions arising from the studies reported in Volume Iv are
made to take into account the behavior of multi-degree~of-freedom systems in the
inelastic range.

RTD-TDR~-63-3096, Vol. V, Supplement AD-632 805
DESIGY PROCEDURES FOR SHOCK ISOLATION SYSTEMS OF UNDERGROUND

PROTECTIVE STRUCTURES~-RESPONSE SPECTRA OF MULTI DEGREE-OF

FREEDOM ELASTIC SYSTEMS, A COMPUTER PROGRAM FOR THE COMPUTATION

OF DYNAMIC STRUCTURAL RESPONSE

29(601) $253: Newmark, Hansen and Associates

April 1966

U

This supplement contalns a description of the computer program developed to
study the dynamic response of multi-degree-of-freedom systems subjected to
earthquake or blast-type ground motions. A description of the features and a
derivaticu of the equations solved by the computer program are presented. The
data input to the computer is defined by using a control card containing or pre-
ceding each type of input information. The purpose of aach control card and the
data is given with an example of some typical problems solved using the program
The final section contains the flow diagrams of the main program and each
subroutine.
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RTD-TDR-€3-3106 AD-613 482
EXPERIMENTAL STUDY OF ARCHING STRESSES ON BURIED VERTICAL TANKS

29{601)-6002: Air Force Shock Tube Facility (University of New Mexico)
Decembar 1964

U

This report describes special features of an apparatus for studying arching
around buried structures caused by modulus mismatch between the structure and the
surrounding medium, To attain this gosal, duplicate tests were performed on
cylindrical and disc structures, providing an oppertunity to separate the effect
of arching from side-wall friction., All tests were static, using 20-30 Dry Ottawa
sand at three different densities. The applied overpressure and geometric con-
figuration of the buried structures were varied to provide am opportunity of
gtudying the influence of these parameters on the arching phenomenon.

RTD-TDR~63~3109 AD~433 522
THE INTERACTION EETWEEN A STRUCTURAL TUBE AND THE SURROUNDING SOIL
29(601)-4927: Massachusetts Institute of Technology

January 1964

U

This report describes experimental and theoretical research on the interacticn
between a structural tube and surrounding soil. The experimental work used an
extremely small scale, which allowed a large number of tests at low cost, but
also prevented use of sophisticated instrumentation. The specific situations
investigated were a flexible tube surrounded by a thick cylinder of soil and
loaded by uniform radial pressures, and a flexible tube buried under a horizontal
soll surface and loaded by pressures applied at the surface.

For the symmetric soil-tube configuration, the elastic behavior (i.e., arching)
and the failure condition were investigated by experiments and theory. The main
conclusion was that the primary beneficial effect of the soil around a very
flexible tube is preventicn of tube deformations associasted with low-mode buckling
failures. The tube is forced to a high-mode buckling failure at very much higher
pressures. Compared to this effect the arching effect is small, even for a rela-
tively compressible tube.

The buried tube tests yielded experimental results in reasonable agreement
with those of the symmetric situation. Moreover, similar but larger-scale buried
tube tests performed at the Air Force Shock Tube Facility also agreed roughly
with the above theory. This leads to the conclusion that the symmetric theo-y
holde approximately for the buried tube situation. However, to establish a more
accurate theory, better instrumented and thus larger tests are necessary.
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RTD-TDR-63-3114 AD-433 651
HIGH COMPRESSIVE STRENGTH CONCRETE

MIPR AF 29(601)-61-04: Waterways Experiment Station, USA

February 1964

u

This report discusses the laboratory phase of an investigation of ways to
obtain high-strength concrete under normal field construction conditions. Results
of tests on 6~inch by 12-inch cylinders indicate the following factors will aid
in obtaining a 90-day compressive strength exceeding 10,000 psi:

a. Cement content should be at least nine bags per cubic yard, and water-
cement ratio approximately 0.35 by weight.

b. Both coarse and fine aggregate should be carefully graded.

c. Pozzolans appear beneficial for repiacing a8 limited amount of cement, and
provide some increase in strength,

d. A water-reducing admixture is required to ensure a workable consistency
in concrete.

RTD--TDR-63-3116 AD-602 738
A STUDY OF THE BEHAVIOR OF A CLAY UNDER RAPID AND DYNAMIC LOADING

IN THE ONE-DIMENSIONAL AND TRIAXIAL TESTS

29(601)~5535: University of Illinois

June 1964

U

The behavior of soil under dynamic loading is an important factor in the soil-
structure interaction problem. To study this behaviocr, a series of dynamic, high-
pr.ssure triaxial and one-dimensional compression tests has been conducted.
Special testing devices developed for this research are described. In the one-
dimensional tests, the peak pressures ranged from 620 psi to 11,300 psi with
rise times to the peak pressure of 1.9 milliseconds to 1.625 milliseconds. In
the triaxial tests, cell pressures from 100 psi to 1,010 psi were used with
times-to-failure varying from 3 milliseconds to 100 seconds. In addition,
partial loading triaxial tests were run in which the applied axial stress was
20 percent to 60 percent of the failure stress. The soil used was a compacted
silty clay of low plasticity. The test results are presented and the influence
of rate of loading and pressure level on compressive strength, ratio of latersl
to axial pressures, stress-strain relations, residual strains, and creep under
constant load are evaluated.
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RTD-TDR-63-3125 AD-438 711
THEORETICAL STUDY OF ENERGY DISTRIBUTICN IN A HALF-SPACE RESULTING

FROM DYNAMIC LOADING IN A DEPRESSION AT THE ORIGIN

29(601)-5813: MRD Division, General American Transportation Corporation
March 1964

LI}

An analysis of the free-field ground motion in the elastic region due to the
energy delivered directly to the ground by a nuclear weapon 1s presented. The
problem is approached along twe different lines. One of these approaches treats
the elastic region as a cratered half-space, where the hemispherical boundary of
the crater is subjected to the pressure history exerted by a hydrodynamic region
within the crater. The other approach treatz the elastic region as a complete
half-space, a portion of which has initial motion and pressures corresponding
to the state of the hydrodynamic region at some instant when its behavior is
becoming more nearly elastic than hydrodynamic.

For the cratered-half-space approa:h, exact analytical expressions are
obtained for the stresses at the wavefront, and numerical results based on these
expressions are presented. For the complete-half-gspace approach, analytical
resuris alone are obtained.

WL-TDR-64-3 AD-451 475
PORE-AIR FRESSURE STUDY

29(601)~-6002: Air Force Shock Tube Facility, University of New Mexi-o
February 1964

U

This report deals with the propagation of pore-air pressure in samples of
soil subjected to an air shock. The soils tested were a uniformly graded pea
gravel, a standard 20-30 Ottawa sand, and a well-graded silty ssand. The orien-
tation of the shock wave to the soil sample was "head-on' in the first series of
tests, and "side-on" in the second series. For the former, the maximum over-
pressure on the upstream end of the sample was approximately 126 psi; for the
latter, the maximum incident pressure was approximately 115 psai.

The effect of wave shape, peak overpressure, permeability, total unit impulse,
and positive-phase duration is ascertazined. Also, the data are qualitatively
reviewed in the light of full-scale field conditions.

WL-TDR-64~4 AL-601 878
THE MECHANICAL AND OPTICAL CHARACTERIZATION OF HYSOL B705 WITH

APPLICATION TO PHOTOVISCOELASTIC ANALYSIS

29(601)-5367: California Institute of Technology

June 1964

]

The main requirement for practical photoviscoelastic analysis is optical and
mechanical characterization of the materisi. The rsport describes the inter-
relation between the stress and strain optic (operational) coefficients and
aspproximate techniques for obtsining satisfactory quantitative results using
broad band rather than three- or four-element representation of materisl prope: -
ties. The nnalysis technique is accomplished by material characterization through
s Dirichlet, or Prony, series representation of the time-dependent properties,
and appropriate opsrations on their Laplace transformas.
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Time-dependent characteristics of a typical low modulus polymer material,
Hysol 8705, are determined from constant strain rate tests for a full range of
dynamic loading rates by taking advantage of the time-temperature shift pheno~
menon. The theory of linear viscoelasticity Is then used to construct master
curve representations for all pertinent properties of Hysol 8705.

A one-dimensional photoviscoelastic experimental program was conducted to
generate experimental data for comparison to a corresponding theoretical problem.
A comparison is made between the analytically predicted fringe patterns and the
experimental results; also, available two-dimensional ccnsiderations are examined.
The results indicate the feasibility of quantitative photoviscoelasticity with
engineering accuracy.

WL-TDR-64-7 AD-438 826
DEVELOPMENT OF A SOIL STRAIN GAGE FOR LABORATORY DYNAMIC TESTS

29(601)-5343: 1IT Research Institute Technology Center

April 1964

U

The original effort under this contract enabled development of the "four-
coil" soil strain gage for measurements in laboratory samples subjected to static
or dynamic loads. This report covers work done under a contract extension for
continued gage development and modifications which have resulted in the "coil-
plate' gage. The coll-plate gage can be used for applications for which the
four-coil gage in its present form 18 not suitable.

The new coil-plate gage can be operated with the same auxiliary electronics
used with the four-coil gage. The gage consists of two bifilarly wound coils and
two conducting plates and associsted electronic ‘nstrumentation. One bifilar
coil and plate is embedded in soil as the straii sensing element; the other coil
and plate is externally positioned on an adjustable precision mount to serve as
a reference. The principle of operation is that of a series-a.ul.g transformer
having its secondary connected to an open circuit-null balancing system to permit
accurate measurements of small strains. Measurements can be made close to bounds~
ries and to materials exhibiting magnetic properties.
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WL-TDR-64-8 AD-451 667
STEP LOAD MOVING ON THE SURFACE OF A HALF-SPACE 0. A LOCKING
MATERIAL--SUBSEISMIC CASE

29(601)~6055: Paul Weidlinger

December 1963

U

Considering a locking material prior to compaction as a special case of a
nonlinearlv hardening elastic material, conditions at a discontinuity--a locking
front--gre analyzed on the basis of rhree-dirensional theory. This study leads
to the important result that the major compressive principal stress at a locking
front must always be normal to the front, even if the front i3 not plane. Based
on this general result, the effect of a uniform step pressure traveling with sub-
seismic velocity on the surface of a half-space 18 obtained for the case of a
locking material which after compaction has elastic-Coulomb behavior. Such a
material acts linearly elastic 1f the state of atress does not overcome internal
friction, but slip occurs 1If the stresses reach a critical state defined by
Coulomb friction. As a special case the solution upplies also for a material
vhich 1s linearly elastic after compaction. The stress, velocity, and accelera-~
tion histories due to the traveling step pressure are discussed and compared t>
those in the cne-dimensional case of a suddenly applied uniform surface prassure.

WL-TDR-64-11 AD-603 483
A PEAK LOAD, SELF~-RECORDING ON-STRUCTURE STRESS GAGE

29(501)-6103: United Electrodynamics, Inc.

June 1964

v

A peak~load, self-recording, on-structure stress gage was developed and four
developmental prototvpe units were fabricated. Hagnetic tape was used as the
recording medium, employing a carrier-erese data-recording technique. The data
readout system designed for this project employs a nawly developed direcs flux
veading megnetic tapehead. Theoretical and experimental comparicons are made
betwean the flux head and a conventional head. Test results are presented for
these protolype gages.

WL~TDR~64-12 . AD-4139 342
A THEORZITICAL AEALYSIS b? STﬂF’g HSVE IﬁTERACTIOR I¥ A MODEL SOIl~~

PURTHER STUDIES

29(601)-5395: National Eaginegxing Cowpany

Aprii 1964 .

Two formal .olutlana are given to tha plane strgin prohlem of the interaction
of & stress wvave propsgeted in & “bilinesr plestic” medium with an infiulcely
rigid/infiritely dense cyiinder exibedded in the sedtus.

The two sclucicns are essentially complementsry with raspect to peints of
theoreticsl difficulty and défisfencies {n generslity. A numerical study of each
solution ehould lead to further development «f & coxpletels ganersi xethod for .
treating the predlem uader consideration or similar problias.
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WL~TDR-64-~13 AD-606 685
THE RESPONSE OF BURIED CYLINDFRS TO QUASI-STATIC OVERPRESSURES

29(601)-6072: University of New Mexico

September 1964

U

An experimental investigation was conducted into the response of small buried
aluminum cylinders to quasi-static overpressures. The cylinders were buried with
their axes horizontal in dense, dry, 20-30 Ottawa sand.

Cylinders of two stiffnesses were tested at depths rangiug from zero to two
cylinder diameters. Their behavior was evaluated quantitatively by radial dis-
placement gages and tangential strain gages. Data at five overpressure levels
up to 140 psi are presented. This maximum value exceeded the theoretical in air
primary buckiing pressure of the cylinders by factors of 9.4 and 9.9.

Destructive tests were conducted on noninstrumented cylinders of six stiff-
nesses. This maximum applied overpressure was 160 psi, 470 times the theoretical
overpressure in air primary buckling pressure of the most flexible cylinder. The
overpressure required to cavse collapse of the various cylinders was determined
for as many depths of burial as the maximum overpressure would allow.

The destructive tests demonstrate the great resistance to collapse imparted
to a cylinder by burial. The rondestructive tests afford a comparison betueen
tne behavior of stiff and flexible cylinders as the depth of burial and the over-
pressure are changed. Two zones of burial, deep and shallow, are defined. These
zones depend on the rigidity of the cylinder aand the magnitude of the overpressure.

WL-TDR-64-20 AD-608 518
FEASIBILITY STUDY OF SHOCK ISOLATING A VERY LARCE STRUCTURL

In-house

September 1964

U

This report coneiders the problem of aguspending ¢ very large structure within
an underground cavity so &s to provide adequute shock i{solation. The geometry
neceseary to incouple the mudes of vibration of a eimple system s studied, and
recompendations are made concerning the relation between bzse and side springs.
Coil-spring suspctivion systems are investigated and general design equations and
charts asre presented. Pneumatic suspension (s considered. A new type of preuy-
matic suspension counsisting of corrugated metsl bellows 1s proposed and design
eguations and charts for such a system are presented, Liquid suspension s
briefly discusced. Transient wgves in various shoch isclation systems are
studied.

This report concludes that pneumstic suspensior sysiems esmploying corrugated
wetal bellows hold wmuch promise and should be further investigsted. Shock fso-
lation of a very large structure appears to be feasible using efther coll-spring
or pneumatic-~bellows supports.
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WL~-TDR-64-27 AD-601 513
PREDICTION CALCULATIONS FCR FREE FIELD GROUND MOTION

29(601)~5832: Phycics Internaticnal Company

May 1964

U

This report describes a calculation program designed to predict the cratering
dimensions and free-field ground motions which result when chemical or nuclear
detonations occur with various degrees of confinement. Calculations were made
using a two-dimensional plastic-elastic time-dependent code. A vital part of
the program involved the derivation of calculational models capable of describing
the response of earth media to shock loading.

WL-TDR-64~-28 AD-603 539
RESPONSE OF FOAM-ISOLATED TUNNEL LININGS TO TRANSIENT LGADINGS

29(601)-6022: IIT Research Irstitute Technclogy Center

June 1964

U

This research program was conducted to determine the behavior of a foam-
isclated tunnel liner in an elastic material during passage of a plane stress
wave. The specific objectives of the program included & determination of time-
dependent stress fields in the elastic material, time-dependent magnitudes and
location of crushing in the isolation material, and time-dependent stresses and
motions of the tunnel liner. The results of the program indicate that the
stresses In the liner are significantly reduced by the crushing of the foam. The
rigid body motions of the liner, however, are not significantly influenced by
the presence of the foam.

WL-TDR-64-29 AD-604 105
BIBLIOGRAPHY OF EXTRATERRESTRIAL RESEARCH (2nd Editicn)

In-house

July 1964

4]

This bibliography on extraterrestrial research is subdivided into the fol-
lowing categories: I. General (Astrobiology, Astronomy and Cosmology, Materials--
Space Environment Effects, Orbital Vehicles and Probes, and Space Environmental
Simulation); II Moon (Atlasas and Maps, Configurations and Internal Structure,
Environment, Experimental Research, Exploration and Basing Conc2pts, Lunar-Earth
Phenomena, Lunar Trajectories and Associated Problems, Surface Materials and
Natural Resources, and Topographical Features); IIT. Planets (Jupiter, Mars,
Mercury, Neptune, Pluto, Uranus, Saturn, and Venus); IV. Extraterrestrial
Materials (Asteroids and Comets, Meteors, Micrometeorites, Dust, Meteorites, and
Tektites); V. Cratering (Laboratory Cratering Phenomena, Meteorite Cratering
and Associated Phenomena, and Nuclear and HE Cratering Phenomena); and VI.
Bibliographies.

Each category is separately alphabetized and cross indexed. Where more
than ome article appears for any one author, such are listed im order of
publicaticn date.




WL~TDR-64-35 AD-444 1131
29{601)~-5837: The University of Texss

July 1964

U

The purpose of this study was to extend the basic information on the behavior
of concrete beams reinforced with steel plates and loaded both statically and
dynamically st their ceanter lires. Th2 test beams had a ateel plate either on
the bottom serving as tensile reinforcement or on the top serving as compression
reinforcement. Steel studs welded to the plate were used to tvansfer the shear
at the concrete-steel interface. Stud behavior was determined from special push-
cut tests loaded both statically and dynamically. Comparisong of behavior as
obtained from beam and push-out tests were made. The principal variables studied
were stud diameter, concrete streagth, number of stude per shear spam, and type
of load.

Dynamic loads were obtained by droppinz a wmass onto a cushioning meterial
resting on the specimen which provided load pulses with two positive slopes. An
initial rise time of 3 to 9 milliseconds and a total duration up to 120 milli-
seconds, and loads up to 80 kips were obtained.

The results of this study indicate that beams loaded dynsmicslly have approxi-
mately a 50 percent greater flexural resistance than companion beams loaded
statically. The results from dynamic push-cut tests and stud capscities vary
directly with study diameter and concrete strength., Various recommendations for
use in beam design are presented.

WL-TDR-64-47 AD-606 985
STRAIN ARIATION IN A TRIAXYAL SOIL TEST

29(601)-6004: IIT Research Institute

September 1964

[

An experimental program was carried out to evaluate the strain behavior of s
goil sample being fested in a triaxial apparatus. The patterns of deformation
were obtained st specific locations within the specimen by embedded strain gage
measurements. The investigation was made in both noncohesive and cohesive soil
types, and included study of the influence of confining pressure, size of speci-
men, rate of locading, and presence of the gage on the uniformity cf deformation,

It was determined that the specimen strain behavior is quite different
between noncohesive and cohesive soll samples, and that significant nonuniformity
of deformation takes place even at small strains, well in advance of failure.

WL-TDR-64~51 AD-350 182
EVALUATION AND INTERPRETATION OF EJECTA DATA FROM CRATERING

EXPLOSIONS

29(601)-6009: The Boeing Company

May 1964

]

Ejecta distribution data analyzed are for five chemical-explosive and three
nuclear-explosive cratering events. The analytical approach is mainly one of
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defiving 2jecta quantity as a function of radial distance, calculating total
ejects mass, and determining its relationghip to the apparent crater volume.
Applying thie spproach, recommended ejects thicknesses for dry soil are given
for each of the crater scaling laws included in this study. Estimated ejecta
thicknesses for a hard rock medium ara included as an appendix to this repert.
The validity of scaling ejecta mass qusntities is indicated for two cratering
events differing in yield by over two crders of magnitude and detonated at the
same scaled depth. The statistical variastion of circumferential ejecta obser-
vations is also defined.

Mean ejecta thicknzesses for large yields may be approximated for true surface
bursts in dry soil ueing the relationship

t = 0.5d {R/D] 3.9

where t 18 thickness, 4 1s apparent crater depth, R 1s apparent crater radius,
and D is distance.

WL-TDR-64~52 - .AD-606 142
SHOCK UNLOADING CHARACTERISTICS OF CRUSHABLE ROCKS

29(601)-6007: 1IIT Research Institute

August 1964

U

The unloading characteristics of dry volcanic tuff were observed for two
iaitial shock states. The unloading paths in the stress-particle velocity plane
differed substantially from the reflected Hugoniot curve passing through the
corresponding initial shock state. Thus the 1:nloading process does not follow
the usually assumed Bugoniot unloading path. The net results of this behavior
are that (1) the quantity of energy dissipated in the shock process is con-
siderably great:- than that normally assumed, and (2) the propagation speeds of
the unloading waves are considerably greater than those normally assumed.

For shock stress intensities of approximately 100 and 200 kilobars it was
determined that the amount of energy dissipated at the shock front has been
underestimated by 20 to 30 percent, and that the remaining useful energy has
been overestimated by approximately 50 percent. Furthermore, the unloading wave
speed for these cages bas been underestimated by approximately 20 to 25 perceat,

A correlation was made between Hugoniot data obtained during this program and
other Hugoniot data for dry volcanic tuff of varicus initial densities. It was
found that, when presented in terms of absolute density, all of the Hugoniot
states above a critical stress level were located on a single Hugoniot curve.
This resulting aggregate mineral Hugoniot correlates well with Hugoniots for the
basic nonporous constituents of the geologic materials.
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WL-TDR-64-53 AD-602 764
A STUDY OF THE FEASIBILITY OF SHOCK ISOLATING VERY LARGE MANNED

UNDERGROUND STRUCTURES

29(601)-6053: The Ralph M. Parsons Company

June 1964

U

The feasibility of shock-isolating very large manned underground structures
from the intense ground motions generated by a nuclear blast was investigated.
The structure under consideration housed personnel living quarters and communi-
cationg and survival equipment, including large liquid-filled tanks, and was
suspended within a concrete-lined underground cavity. Various suspension con-
figurations, isolators, and damping devices were investigated and their per-
formance characteristics compared with the specific requirements of this facility.
It is concluded that an inclined, elastic, pendular suspersion system incorpora-
ting fluid-filled body motions can be used without exceeding acceptable
accelerations. Conventional cage structure and liquid storage techniques are
found to be acceptable if careful attention is given to their design.

WL-TDR-64-54 AD-613 545
RESPONSE OF DEEP REINFORCED CONCRETE SLABS

29(601)~-5385: Southwest Research Imstitute

February 1964

U

‘“he response of deep reinforced concrete slabs to uniformly distributed
dynamic loads as high as 700 psi was measured and compared with the static

behavior of companion slabs. Comparisons between theoretical and experimental
results were made.

Experience has shown that one of the major difficulties in predicting the
static behavior of reinforced concrete slabs results from the varying friction
between the slab and bearing plate. The pressure seals and seal devices pre-

sented the primary experimental difficulty and made it impossible to yield the
strongest slabs.

WL-TDR-64-59 AD-607 623
INVESTIGATION OF EQUATION OF STATE OF POROUS MATERIAL

20(601)-6024: Stanford Research Institute

August 1964

U

Hugoniot data in the pressure range 40 to 500 kbar for porous playa from
Area 5 of the Nevada Test Site are obtained by impedance-match methods using
both in-contact and flyer-plate explosive arrangements. Two initial densities,
1.55 and 1.95 g/em3 (crystal density, 2.66 g/cm’), of dry, reconstituted material
are examined. The data show regions in which the pressure is multivalued. This
behavior 1s attributed to polymorphic phase transitions in one or more of the
constituent minerals.
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A simple, closed-form expression for the zero-degree isotherm is presented
which converges asymptotically to the behavlor of a free-electron gas at extreme
pressure. It also contains the prinmcipal term representing the pressure-volume
behavior predicted by the Thomas-Fermi model. Interpolation terms are added to
fit known zero-pressure quantities, viz,, initfal density, compressibility, and
sublimation energy.

In addition an extensive review of the thermodynamics of equations of state j
is presented.

Results of shock calculations in spherical geometry assuming hydrodynamic
: behavior of the medium are also presented. These calculations are intended to
) o indicate the semsitivity of shock decay to uncertainties in the equation of
: : state. The varied perameters include porosity, Gruneisen's ratio, and the
zero~degree-isotherm. No largz influence on shock decay due to these variations
is evident.

.

WL-TDR-64-64 AD-
A STUDY OF THE BEHAVIOR OF THICK CYLINDRICAL SHELLS

| 29(601)-5836: Louisiana State University

| April 1965

’ v

This report describes three approaches to the problem of predicting stresses
and displacements in thick cylindrical shells.

Section I is an analysis of a ring or segment of an infinitely long, thick
cylindrical shell based upon the simplifying assumptions of the Winkler curved
beam theory. Dynamic loading of thick rings jis treated in Chapter 2 of Section T

Section II consists of a static analysis of the thick-walled circular cylinder
(or ring) by the elasticity approach developed by N. I. Muskhelisvili. Shear
and radial stresses on the imner boundary, outer boundary, or both boundaries
constitute the loading. A rather complete theoretical development is followed
by a computer program and instructions for its use.

Section III presents an analysis of static stresses in axially loaded thick-
walled cylinders with end caps. This axisymmetric elasticity problem is solved
by finite difference techniques and Southwell stress fuuctions. Cylinders with
one end closed by either a flat or a hemispherical cap are analyzed and an example
worked for each case. Cylinders with both ends capped are analyzed in the final
portion of the report.
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WL-TDR-64-65 AD=-606 571
THREE-DIMENSIONAL PHOTOELASTICITY STUDY OF THICK-WALLED CYLINDRICAL

SHELLS

29(601)-5362: 1IIT Research Institute

August 1964

U

e AN Rt o MR

A study was conducted to determine stress distributions in several types of

; % thick-walled cylindrical shells. The stresses were determined by using both the

o embedded-polariscope and stress-freezing methods for three-dimensioral photo-

E f elasticity. The study indicates that an approximate analytical solution for

stresses in thick-walled cylinders with hemisphericel heads is sufficiently

accurate for structural design applications. Simple curved-beam theory is also

shown to give reasonable stress values for certain structures which take the

form of a thick-walled half cylinder. Finally the study indicates that embedded i

polaroid elements perform satisfactorily under complex states of stress; there~ ]
fore, the embedded polariscope method represents a completely feasible approach 3

ol for transient three-dimensional stress determinations. : . -~f

WL-TDR-64-72 AD-613 351
Dy STUDIES OF FINITE DIFFERENCE TECHNIQUES FOR CONTINUUM MECHANICS

PoE 29(601)-5971: Northrop-Ventura Corporation

b December 1964

U

Part I: Solutions to hyperbolic equations typically have discontinuous first
or second space and time derivatives. This limits the rate of convergence of
time-matching numerical procedures for solving hyperbolic problems. (a) With N
zones on a finite one-dimensional region of space, the truncation error tends to
zero no faster than N-3/2 for large N. This limit is reached in simple centered
difference schemes; higher order differencing affords no improvement.

(b) Truncation error estimates based on Taylor's Series expansions are usually
incorrect. (c) The truncation error can be decreased by using higher order dif-
ferences if the equations are written in characteristic coordinates. Tu practice
the truncation error will probably not vanish more rapidly than N-2, These con-
clusions are reached by solving finite difference equations analytically, e.g.,
' the Richtmyer-von Neumann equations are solved with infinitesimal time-step for
a pulse in an elastic medium. Supporting numerical results are shown. Part Il: ;
Artificlsl viscosities--particularly linear viscosities--significantly degrade i
_ pulses in elastic media. Numerical results are given for various viscosity coef-
ficients. Part III: A procedure is given for uniquely determining finite strain
‘ in finite zones of material. In the general case, it must be agsumed that zoues
are tetrahedral and homogeneously strained. Part IV: Finite difference equations,
- flow charts, and Fortran listings are given for the AFPTON code, which solves the
4 one-dimensionsl linear, cylindrical, and spherical hydrodynamic squations in an
: arbitrary time-dependent coordinate system. Part V: Difference sesquations, etc,,
are given MR2D, a two-region code for calculsting genersl plane-symmetric
i- continuum motion in en arbitrary time-dependent coordinate srstem.
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WL-TDR-64-76 AD-358 704
THE INVESTIGATION OF THE DETONATION--SHOCK TUBE TECHNIQUE

29(601)-6056: General American Transportation Corporation, MRD Divisica
FPebruary 1965

S=RD

The objectives of this research effort were twofold. The first was concerned
vwith the detonation-shock-tube principle. In particular, the propagation of
detonation waves through gaseous media and their subsequent interaction with
various other gases was investigated. Included in this work were a theoretical
and an experimental program to determine the best gas mixtures and optimum tube
lengihs which would produce detonation waves and shock waves in air simulating
the effects of a nuclear explosion.

Sufficient data are presented in the report to permit the establishment of
design parameters for a high-capacity shock tube capable of simulating the over-
pressures and durations of blast waves from high-yield explosions. The over-
pressure range of interest is from 100 to 10,000 psi.

The second objective dealt with the feasibility of using the detonation shock
tube as a means for simulating high-altitude nuclear blast effects on reentry
vehiclea. Gas dynamic analyses have established that there are concepts
incorporating the detonation shock tube that simulate many of the high-altitude
nuclear blast effects on reentry vehicles.

WL-TDR-64~91 AD-459 077
A QUASI-STATIC THEORY OF SOIL STRUCTURE INTERACTION

29(601)-4508: University of Illinois

September 1964

U

This study treats the effect of the interaction between underground structures
and the surrounding soil in reducing the loads transmitted to the structure, the
so-called "arching" phenomer.on.

A continuum theory of soils proposed by G. A. Geniev is applied to a quasi-
static, plane-strain problem of arching. The bagi~ partisl Jifferential equations

are shown to form a hyperbolic set and are solved by the method cf characteristics.

Consistent stress and velocity fields are obtained.

Comparison with available experimental results shows that the Geniev theory
understimates the surface prassure required for failure of an undergrouncd struc-
ture in relatively dense granular scils. The source of this difficulty is
explained and &n approximate method of overcoming it is presented.

A simplified extension of a theory taking account of inertia of the soil and
unsteady motions is treated in an appendix.
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Chronological listing of all undesignated reports and Weapons Tests
Reports related to Protective Structures published before 1958.
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CHRONOLOGICAL INDEX TO UNDESIGNATED REPORTS

TITLE

Feasibility of a Large
Shock Tube

Damage Evaluation in
Connection vith In-
direct Bomb Damage
Assessment Systems

A Simple Method for
Evaluating Blast Effects
on Buildings

Analysis of Gravity Dams
Subjected to Underwater
Explosions

Relative Effectiveness of
Surface and Undervater
Explosiocns on Gravity

Type Dams
Crater Survey

Water Table Experiments
on Transient Shock
Wave Diffraction, Part
I « Operation, In-
strumentation and
Preliminary Experiments

Alr Force FPressure Tests

Static Load Deflaction
Tests of Beam Columns

Electro Mechanical
Pressure Gages for
- Dynamic Pressure
l\n’cwdin(

Research Ixmnumim
and Design of a large
_ Shock Tube

‘Simple Method for

Eralusting Blest
Effects ot Buﬂﬁnp
(revised)

'iot. Availadle

DATE

Jul 51

Jun 52

Jul 52

Jan 53

Jan 53

Fed 53

Aug 53

Sep 53
Dec 53

Dec 53

Dec 53 -

Jul 54

-3

CLASS CONTRACTOR AVAILABILITY
Uncl Armour Research AD-204% 049
Foundation
S-RD Armour Research N/A%
Foundation
Uncl Armour Research  AD-38891
Foundation
S-RD Massachusetts AD-360 113
Institute of
Technology
S-RD Massachusetts AD-360 109
Inatitute of
Technology
S-RD In-House v N/A
Uncl Massachusetts AD-22515
Institute of
Technology
Uacl  Nev York University H/A
Uncl University of AD-23105
Illinods :
Uncl Armour Research ¥/A
Poundstion
el = Armour Researck N/A
o Mdstion
Armour Resesrch AD-ML

Unecl
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TLE

Studies of the Influence
of Variations of Blast
and 8tructural Parem~
eters on Blast Damage
to Btructures

Water Table Experiments
on Transient Shock
Wave Diffraction, Part
I1 -~ Expsrimsntal Re-
sults and Evaluation

Three-Dimensioeal Shock
Tube

Project Proposals for
Operation Dixie

Forty Channel Test

Prograa for Operation
Dixie

Shear Deflection of Wide
Flange Steel Beams in
the Plastic Range

Applicstion of Tornado
Data to Blast Effects
S*udies

Alr Force Pressure Tests
(Bupplemsntary Report)

A Criterion for Collapse
of Bulldings Under
Blast loeding

Trensient Drag Teste
Btatic and Dmamic Losd-
Daflection Tests of

Stesl Btructures

Transleat Dreg and Its
Elfect an Structures

Val I

Vol II

Oct Sk

Oct 5k

Oct 5k

Oct Sk

¥ov 54

Dec Sk

Dec 5k

Jan 55

Jan 55

Jan 55

Ped 55

Fed 55

Ped 55

Conf

Unel

Conf

Conf

Unel

Unel

Uaecl

nel

Unecl

Uacl
Unecl

1I-4

CONTRACTOR

Armou:r Research
Foundation

Massachusetts
Institute of
Technology

Armour Research
Poundation

E. H. Smith &
Company

Arerican Machine
& Foundry

University of
Illinois

E. H. Suith &
Company

Hev York University

B. H. Smith &
Company

Armour Research
Foundation

University of
Illinois

Amarican Machine
& Powndry Co.

Amsrican Machine
& Youndry Co.

AVAILABILITY
AD-358 882

AD-80120

M/A

B/A

N/A

AD-4T270

N/A

K/A

N/A

/A

AD-59193

R/A

/A




TITLE

Experimental Study of
Drag Phenomena in
Shock Tubes

Operational Implications
of the MIT Report,
Analysis of Gravity
Dams Subjected to
Undervater Explosions

Project Proposals for
Operation Dixie

Feasioisity Study of
Dynamic Net Porce
Sensors

Pressure Sensor System
for Blast Measurements

Study of the Effect of
Orientation on Dynamic
Loading and Response of
Structures

Shock Tube Temperatures

Notes on the Analysis of
Cbliquely Loaded Beanms
i!n the Ine‘astic Range

The Response of Model
Frames Subjected .o
Dynamic Lateral
Loads

The Response of Beam-
Colums Subjected to
Dynanic Lateral Loads

Response of Bridges to
Atomic Blast

Studies of the Influence
of Variations of Blast
end Structural Param-
eters ou Rlast Damage
to 8tructures

DATE CLASS COMTRACTOR

Feb 55 Conf American Machine
& Foundry

Feb 55 8-RD E. H. Smith &
Company

Feb 55 Uncl Aravur Reses:~h
Foundation

Feb 55 Unecl Wind Tunnel
Instrument Co.,
Inc.

Feb 55 Uncl Rutico, Inc.

Mar 55 Conf Armour Research
Foundstion

Mar 55 Uacl Armour Research
Foundation

Apr 55 Unecl University of
Illinois

Jun 35 Unecl University of
Ililinois

Jun 55 Uncl University of
Illinois

Jan Sk B-RD Masssachusetts
Institute of
Technology

Jul 55 Conf Armour Reseerch

I1-5

Foundat{om

AVAILABILITY

/A

§/A

N/A

N/A

AD-80120

AD-1706

N/A

AD-6Lb62

AD-666T3

AD-666Th

E/A

/A




TITIE

Criteria for Dynamic
Net Force Sensor
Selection

Inelastic Behavior of
Mild Steel Beams Sub-
Jected to Transverse
Impact

A Study of the Resistance
of Model Frames to
Dynamic Leteral Load

Effect of Long Versus Short

Duration Biast Loading
on Structures

Correlationg of the Re-~
sults of Dynamic Tests

of Beams anda Model Frames

Cperation of Six~-Foct and
Two-Foot Shock Tubes

Structures Irprovezents
on ti:z Sin-Foot ™ibe

snieliding ot Three-
Diwmensicial Blocks

The Effecta of Surface
Roughnesgs

Experimental Observations
of Regular DNoflection
Loading uvn Three-
Dimensional Blocks

piffrection Fhenomena
in Semi-Soliids

Effect of Well Panel
Fallure on Shock
Parameters

Technical Comments on
PV T™-24 in Connection
vith Use for Indirect
Bomb Damage Assessment

DATE CLASS  CONTRACTOR

Jul 55 Unel American Machine
& Foundry

Aug 55 Unel University of
Illinois

Aug 55 Uncl University of
Illinois

Aug 55 Unel Armour Research
Foundaiion

Sep 55 Unel University of
11linois

Oct 55 Conf Armour Research
Foundation

Oct 55 Uncl Armour Research
Foundation

Nov 55 Uncl Armour Research
Foundation

Dee 55 Uncl Armour Research
Foundation

Jen 56 Unel Armour Research
Foundetion

Jan 56 Uncl Armour Research
Foundation

Feb 56 Unecl Armour Research
Foundation

Mar 56 Conf E. H. Smith &
Company

II-6

AVALLABILITY

N/A

AD-€9593

AD-T2T16

N/A

AD~Th935

N/A

R/A

N/A

AD-93225

AD-93226

AD-90848

N/A

N/A
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TITIE

Inspection of Air Force
Jangle Structures
Included in Operation
TEAPQT

Basie Loading ou MIT
Muiti-Story Structiures
in the Regular Refliec-
tion Region

Experimental (Observations
of Interior Pressures
in Holiow Muodels

Suggestion for a Frotec-
tive Construction Program

Commentz on the Applica-
bility of Physical
Vulnerability Division
Target Analysis Manual
PV TM-14 to Indirect
Bomb Damage Assessment

Indirect Bomb Damage
Asgseasment

Experimental Cbservations
of Interior Pressures
in Holicw Modals

Operation of Six-Foot and
Two-Foot Shock Tube

Improvement of Photo-
‘graphic Tecbnicues

Basic Design of Protective
Structures for the Far
East Air Force '
Report
Appendix A
Appendix B

Snark Bese Design
Igvestigation

Review sud Criticism of
the Armour Tssearch
Foundstion Report on Drag
Ipnading of Structures in
the Precursor Zone

DATE CLASS CONTRACTCR
Mar 56 S~RD Armour Research
Foundation
Msr 56 Uncl Argour Regearch
Foundatiom
Mar 56 Uncl Arzour Research
Four.idation
Jun 56 S-RD E., #. Smith &
Company
Jun 56 Conf Armour Research
Foundation
Jul 56 Conf Americen Machine
' & Foundary
Jul 56 Uncl Armour Research
Foundation
Aug 5¢ Uacl Armour Reseurch
Foundation
Aug 56 Con? Chicage Midway
Laboratories
Sep 56 American Machirve &
Foundry
Unel :
C-RD
inel
Sep 56 Conf  Americen Maschine &
Foundry
Sep 56 Conf  American Machins &
Foundry
II-7

AVAITABILITY

H/A

N/A

N/A

R/A

N/a

R/A

R/A

AD-223 162

N/A

Ab-k62 211

AD-350 115

AU-360 116
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TITLE

Cost Planning Information

Effects of Topography
on Shock Waves in Air;
Recommendations for
Full-Scale Topography
Test

High Pressure Tests on
Simple Shapes

Blast Effects on Storage
Tank Type Structures

Surface Effects on Blast
Loading, Voi. I

Surface Effects on Blast
- Mns’ VOI- II hndad
Thermal Radiation

Surface Effects on Blast
Loading, Vol. III -- Peak
Pressure Versus Radius,
Comparison of Test Dats
with Theory

A Protective Alert Shelter
for the Strategic
Alr Command

Underground Shot Study

Surface Effects cn
Blast lLoading, Vol. IV
Blast Wave Reflection
on an Ideal Surface

Surface Effects on Blast
Loading, Vecl. V -~ Spark
Gap Experiment: Apparatus

Architect-Engineers' :
Handbook for the WS 10TA-
2 Launcher Installation

et 56

1956

1956

1956

1956

1956

1956

Apr 57

Apr 57

1957

1957

Jul 58

11-8

CLASS COKTRACTOR AVAILABILITY

Conf Averican Machine N/A
& Foundary Co.

Conf Broadview Ressarch N/A
& Development

Conft Aramour Research
Foundation AD-13k4 797

Cont Armour Reseearch AD-132 573
Foundation

Conf Armour Research N .
Foundation

Cont Armour Research N/A
Foundation

Conf Armour Research R/A
Foundstion

S-RD  Associated Re- AD 360 112
search Foundation

Cont E. H. Smith % Co. N/A

Conf Armour Research N/A
Foundation

Unel Armour Research N/A
Foundation

Cont American Machine N/A

& Foundry Co.

.
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W29

Wi-2G

wr-82, 83, 84

wr-87, 88

Wr-405, Vols I & 1l

WT-T21

wI-722

wr-T2k

WT-725

WT-736

Wr-1124

WEAPON TEST REPORTS

Scientific Directors Report, U.S. Air Force Structures,
Aug 1951 (S-RD), Greenhouse, Program 3.3

Scientific Directors Report. Appendix A - Construction
Plans and Specificatiuns; Appendix C - Soils Con~
struction Materials and Methods; Appendix D -
Construction Materiasls and Methods, August 1951 (UNC),
ureenhouse, Program 3.3

Scientific Directors Report
Appendix G - Transient Records
Appendix H ~ Reduction of Transient Data from the Air

Force Structures, May 1952 (UNC) Operation Greenhouse,
Program 3.3

Scientific Directors Report
Appendix I - Blast Loading & Response of Structures,
May 1952, (UNC) Operation Greemhouse

Alr Force Structures Program 3.3 of Operation Jangle,
Nov 1952 {S-RD)

Project 3.9 Reinforced Concrete Retaining Walls
Project 3.10 Two-Story Reinforced Concrete Buildings
Project 3.11 Airport Runvay Sections
Project 3.20 Masonry Walls & Chimneys
Project 3.21 Reinforced Concrete Square Cells
Project 3.22

and 3.23 Circular Cells and Tunnel Sections
Project 3.24 Friction Pile Foundations

Project 3.1, Operation Upshot-Knothole, 3.1, Vols I, II,
and III (UNC) Apr 1954

Project 3.3 Tests on the Losding of Horizontal Operation
Upshot-Knothole Cylindrical Shapes (UNC) Oct 1955

Project 3.5, Tests on the Response of Wall & Roof Panels
and the Transmission of lLoad to Supporting Structure,

Project 3.6, Tests on the Loading & Response of Railroed
Equipment (C) Sep 1955, Upshot-Knothole 3.6

Project 3.26, Test of the Effects on POL Installstioms
(C) Oct 1955 Upshot-Knothole 3.26

Btudy of Drag Loading of Structures in the Precursor

Zone (UNC) Ssp 1958 Operation Teapot 3.2 Nevada Test
Site
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WT-1129 Effect of Positive Phase Length of Blast on Drag &
Semidrag Industrial Buildings, Part I, Dec 1958,
Nevada Test Site, Operation Teapot 3.7 (UNC)

WT-1325 Effect of Positive Phase Length of Blast on Drag &
Semidrag Industrial Buildings, Mar 1958, Operaticn
Redwing 3.1, Pacific Proving Grounds (S-FRD)

WT-1406 Loading on Buried Simulated Structures at High Incident
Overpressures, 1959, Operation Plumbbob 1.7,
Nevada Test Site (UNC)

AVAILABILITY OF WEAPON TEST REPORIS

The above listed WT reports can possibly be obtained from DDC, Cameron
Station, Alexandria, Va. 22314. If not available through DDC, the Defense
Atomic Support Agency, Wash., D.C. 20301 ATTN: Document Libdrary Branch, may
be contacted. :
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SECTION IIl

All designated reports by document number including title, publication
date and classification.
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Report No.
™-57-2

TM-58-3

T™M-59-1

T™M-59-2

THi-56-66

TN-57-18

TN-57-27

TN-57-32

™N-57-37

TN-58-1

TN-58-18

TN-58-23

TN-38-25

™-38-26

N-59-4

~

T . L i e R L Lo

Title Date

Proceedings of Pirst Shock Tube
Symposium, 26~27 February 1957 Feb

Proceedings of the Second Shock
Tube Symposium, 5-6 March 1958 Mar

Fourteenth Meeting of the Panel

on Blast Effects on Buildings and
Strnctures and Protective Construc-
tion, Volume I Oct

Proceedings of the Third Shock Tube
Sympocsium, 10-12 March 1959 Mar

Test Pian for Project 3.4
Operation PILGRIM (PLUMBBOB) Oct

Study of Shock Absorbent Devices May
The Feasibility of Generating

Various Desired Pressure Wave Forms

in Shock Tubes Through the Successive
Detonations of Explosive Charges Aug
Net Force Sensor Research Apr

Operation of the Air Porce Shock
Tube Laboratory, Gary, Indiana Oct

Geological and Geophysical Con-
siderations for ICBM Launching
Site Selection Dec

Investigation of Wave Propags-
tion in Semi-S0l! » Mar

Ground Motion Induced by Nuclear
Explosiona~~A Study of Fundasental
Problems Nov

Initial Investigation of Wave
Propagatioca in Large Soil Models Dec

Alr Blasst Loading on Arches and
Domas Sep

Shock Tube Air Velocities Nov

IIX-3

1957

1958

1958
1959

1956

1957

1958

1958

1957

1957

1958

1958
1938

1958
1958

Class.

Unclas

Unclas

SFRD

Unclas

SRD

Unclas

Unclas

Unclas

Unclas

Conf

Unclas

Conf

Unclas

Uncles

Uunclss
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Report No.
TH-59-8

™-59-11

T8-59-1k

TH-60-20

T™™-60-30

™-60-36

T™-60-39

™-61-6

™-61-T

™-61-14

m-61-16
™-61-26

T™-56-46

Bbians e AN I L RT3 R kBt 5

Title

Reviev of the Literature
Pertaining to the Behavior
and Design of Deep Structural
Members

A Summary of Reports Produced
lader ARDC Project 1080,
Protective Construction and
Target Vulnerability, and Its
Predecessors

Improvement in the Capabilities
of the Air Porce 6-Foot Shock
Tube by Several Orders of
Magnitudle

A Glossary of Geoplosics:
The Systematic Study of
Explosion Effects in the
Earth

Attenuation of Stress Waves
in Bilinecar Materials

Design and Analysis of
FPoundations for Protective
Structures

An Experiment on Soils Loaded
Dynamically by a Shock Tube

A Theoretical Study of
Structure-Medium Interaction

Basic Interaction Considera-
tions--Dynamic Stress Concen-
trations Around Unlined

Openings

Design and Analysis of
Foundations for Protective
Structures

Tests on Atles Blast Valves

Suxmary of Recent Reports
Produced Under APSC Project
1080: HNuclear Vespons Effects
on Hardensd Structures

Transient Drag and Its Effect
on Structures

I1I-4

Date

Jun

Jul

Oct

Sep

Nov

Feb

Sep

Sep

1958

1959

1959

1960

1960

1960

1960

1960

1961

1960
1961

196

1956

Class.

Unclas

Secret

5-RD

Unclas

Unclas

Unclas

Unclas

: Gnclu

Unclas

Unclan

Unc¢las

Unclas

Conf
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Report No.
TR-56-L7T

TR~-56-48

TR-5T-1

TR-57-9

R-57-21

TR-57-22

TR-57-23

TR~57-25

TR-57-32

TR-5T-4$

TR-58-5

7TR-58.28

TR-58.-48

rn-58-h9

Title

A Method for the Anslysis of
Frames Subjected to Ineiastice
Deformation into the Range of
Strain Hardening

Air Blast Loading on Structures

Two- and Three-Dimensional
Shock Tube Loading Studies on.

Models of Operation Knothole -

Program 3
Vol I
Vol II

Effects of Topogresphy on
Shock Waves in Alr

Slov and Rapid Latersal Loading
Tests of Simply Supported Beams
and Beam-Colms

60 KIP Capacity S}ov or Ra.pid
Loading Apparstus ‘

Static and Dynemic Tasts of
Steel Frame Structures into
the Inelastic ﬁange of

Defomtimx _
- Blast Bhielding in Complexes

- Procedures and Sgecitlrations
" for Experimental Determination

of Load-Deflectice Characteris-

tics of Full-Scale Buildings

The Respanze of Tier Bulldings

‘to Blast Loads

An Investigstion of Riveted

‘and Boited Coliom-Base and

Beam-3o-Colutin Connections
Undar Slgv and Rapid loading

Feasidility Study of an Adove-
Orcund Hardened Hangar

Protective Arch Structures

Dasign and Development of a
~ Net Torce Sensor

B:ors and Access Openings to

Protective Structures

ITI-5

Date

Rov

Aug

Avg

Aug

Jun

Jun

Aug

Apr

Ped

£ &

1956
1956

1953
1956

1956

1957

1957

1957
1958

1958

1958

1958

1958
1958

1958

1958

Class.

Unclas

Secret
Secret

helas

Unclas

Uhelas
Unclas

Uncleas

Unclas

thcles

Secret

Uncles
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Report Ko,
TR-%9-2

TR-59-3

TR-59-9

TR-59-10

TR-59-18

TR-59-2h

TR-59-47

TR-59-48

TR-59-49

TR-59-56

TR-59-57
“R-59-58

TR-59-T0

TR-59-T1

™-59-T2

T™®R-60-1

e s 8 i e i <+ e R ¢ Na s et L e

Title
Protective Construction

Cross-Referenced Listing of
Experimental Data on the Blast
Loading of Structures (4 Vols)

Analysis and Design of Domes,
Arches and Shells (2 Vols)

On a Method of Amplification
of the Dynamic Strength of
Structures

An Investigation of the
Behsvior of Deep Members of
Reinforced Concrete und
Steel

Blast Shielding in Cuomplexes,
Part 2--Megaton Weepons

Ground Shock Isolation of
Buried Structures

Blast Effects on Tunnel
Configurations

Analytical Studies, Investi-
gations, and Preliminary

Design of Door acd Foundation
Seals for Protective Structures

Design and Analysis of Pounda-
tions for Protective 3Structures

Investigation of 511, Linings

A Door Design for Tunnel
Closure

Alr Yorce Design Manual:

Decign of Protective Structures
20 Resist the Blast Effects of
fuclear Veapons

Ground Motion Produced by
Aboveground Nuclear Explosions

Behavior and Design of Dwep
Structural Mewbers (7 Vols)

Doors and Access Openings to
Protective Structures

I11-6

Date

Dec 1958

May 1958

Jul 1959

Oct 1958

Pedb 1960

Jul 19%9

Aug 1959

Oct 1659

May 1959

Oct 1959

Sep 1959

Oct 1959

Dec 1939

Apr 1959

Apr 1961

Class.

Secret

Secret

Unclas

Conf

Conf

Unclas

Cont

Conf

Unclas

Conf

8-ro

Unclas
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0
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Report No.
TR-60-3

TR-60-5

TR-60-8

TR-60-11

TR-6C-16

TR-6C-21

TR-60-k1

TR-60-53

TR-60-5k

TR-60-55

TR-61-5

TR-61-6

TR-61-T

TR-£1-12

Title Date

Concepts of Preliminary Design

of Structure Projects for Under-
ground Nuclear Detonations

(2 Appendixes) Jan

Research Studies of Stress
Weves in Earth and Model Earth
Media Oct

Preliminary Design Methods for
Underground Protective
Structures Dec

Theoretical Study of Ground
Motion Produced by Nuclear
Blastis Oct

Comparative Protective
Structural Design Jun

Analysis and Design of Domes,
Arches and Sbells (2 Vole) Oct

Sunmary of Interior Blast
Loading in Holluv Model
Structures Jul

Shock Chamber Developmoat
and Evaluation Jul

Response of Arches Under
Dynamic Loads Aug

Surface Effects on Slast
Inading May

Research Studies on Free
Meld Instrumentation Dec

Ciosures for Hardened
Proilective Hanpgars Jan:

Theoretical Study of Growmd
Motion Induced in Fon-Hcmcgeneous
Madia by Buclear Explosions Dec

Developayat of & Mialeture
Dynani ¢ Pressure Gauge Jan

Summary ol Pull-Scale Fleld

Tests of Structures Subjected
to High Overpressures Mar

ITX-7

1960

1959

3859

1959

1960

1960

1960

1960

1960

1958

1960

19631

1960

1961

1961

Class.

Secret

Unclas

Secret

Unclas

Secret

Unclas

Cont

Unclas

Unclar

8~RD

Unclas

S-RD

Unclas

Uncles

8-

B e sAs v e s e

.




Report No.
TR-61-25

TR-61-32

TR-61-47

TR-61-L8

TR-61-51

TR-61-55

TR-61-58

TR-61-60

TR-61-90

WL-TR-64-108

WL~-TR-64-111

WL-TR-64-112

Title

Stress Wave Phenomen: in
Semi-Solids

Static Experiments lor the
Study of the Interaction of
Buriad Structures with Ground
VWaves

The Investigation of Deep
Reinfor~ed Concrete Beams
Under Static and Dynamic
Loading (2 Vols)

Preliminary Design Study for
& Dynamic Soil Testing
Laboratory. A&ppendix B--
Small Scale Footing Studies,
A Review of the Literature

Ground Shock Isolation of
Buried Structures

Analysis of the Dynamic
Response cf an Aboveground
Simply Supported Cylindrieal
Shell Subjected to Blast
Losding

Ereliminary Design Study for
& Dynamic Soil Testing
Laboratory. Appendixes K,
L, M, end N

Dyna=ic Response of the 6-Foot
Diameter Shock Tube to a
Constant Velocity Pressure
Front

Studiee of the Kesponse of
Arches ana Domes {Inder Dynamic
Louds

Effects of Boundary Friction
on Transmission of Static
Stress Through Sand in
Cylindrical Tenks

Ejecta Distribution from
Cratesing Events in Soil
and Rock

Prediction Techniques for Soil
and Rock Behavior in the Very
High Overpressure Region

I11~8

Date

Jyn

Aﬁar

Jul

[ 9F)

Aug

Aug

Avg

Aug

Oct

Aug

Oct

May

1961

19€%

1961

1961

1959

1361

1961

1961

1961

1964

1964

1965

Ciszs.

Unclas

Unclss

Unclas

Unclas

Unclas

Unclas

Unclas

Uricles

5-RD

Secret

O ———— 1 A ¢
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ezort Mo,

WL-TR-64-113

;

WL-TR~64-118
WL-TR-64--122

WL-TR-64-152

Wi-TR-64-143

WL~-TR-84-155

WL-TR=64~157

WL-TR-64-163
WL-TR-64-164
WL~-TR-64~175

AFWL-TR-65-8

AFYL-TR~65-9
AFWL-TR~65-11

AFWL-TR-65-12

Cloge-in Effects from a Surface
Burst

Static gnd Dynawnic Compressi-
bility of Suffieid Experimental
Station Soils

A Srudy of Static and Dynamic
Resistance and Behavior of
Structural Elemsnts

Similitude of Dynamically
Lnaded Buried Structures

Analysis of Free-~Field Data
in a Half-Space Under Dymamic
Lesds

The Mechanical and Cptical
Chsracterizatisn of Solithatue

113 and Investigatiorn of Phase
Lag Relationshipes Between
Principle Mechanical and Optical
Axes in Photovisccelastic Analysis

A Study of thz Behavior of Soil
and Rock Subjected to High Stress
Levels

Behavior of Plain Concrete Under
Righ Triaxial Loading Conditions

Project Air Vent--Ejecta
Digtribution Studies

Sround Displacement Studies,
Project 3.7

Shear and Bond Strength of High
Strength Reinforced Concrete
Beams Under Impact Loads--First
Phase

Simulation of .Mr Shocks with
Detcnation Waves

Simulation of Air-Blast Induced
Ground Motion (Phase 1)

The Effects of Shear on Stress
Wave Propagation

III-9

Date

Jun

Sep

Jun

Oct

Feb

Oct

Jun

Nov

Nov

Jun

Feb

Apr

Aug

1964

1964

1965

1964

1964

1964

1965

1965

1964

1964

1965

1966

1965

1965

Class.

Unclas

Unclas

Unclas

Unclas

Unclas

Unclas

Unclas

Unclas

Unclas

Unclas

Unclas

Unclas

Unclas

Unclas
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Report No.

Titcl Date

—r—

AFWL-TR~65~13

AFWL-TR-65-15

AFWL-TR~65-16

AML-TR-65-20
Vol. 1

AFWL-TR-65-20
Vol. 2

AFWL-TR-65-26

AFWL-TR-65-29

AFWL-TR-65-31

AFWL-TR-65-43

AFWL-TR-65-46

AFWL-TR-65-48

AFWL~-TR-65-51

AFWL-TR-65-59

AFWL~TR-65-67

Appilcation of Research tc Air Force
Civil Engineering via a Scientific
and Technical Information Service May

Deviatoric Effects in High
Intensity Stress Waves Aug

High Compressive Strength Concrete
Rpt 3, Summary Feb

Dynamic Stresses in a Thick Elastic
Cylinder Subject to Transieut

Pressure Loadings--Theoretical

Analysis and Discuzsion of Results Sep

Dynamic S resses in a Thick Elastic
Cylinder Subject to Transient Pressure
Loadings—-Discussion of Computer

Program Sep

Simulation of Air~Blast Induced Ground
Motions (Phase II) Vol. I Apr
Vol. II May

Static and Dynamic Behavior of
Sands in One-Dimensional Compression Feb

Intoraction of Plane Flastic Waves
With a Thick Cylindrical Shell Jun

Experimental Study of Str-ss Wave
Interaction in Photoviscoelastic
Plates Jan

The Development and Evaluation of
a Miniature Velocity Gage Mar

A Comparison of i.e Dynamic and
Static Shear Stremgths of Cohesion-
less and Combined Soils Aug

Behavior of Rocks and Soils Under
High Pressure Dec

Step Load Moving with Superseismic
Velocity on the Surface of a Half-
Space of Granular Material Sep

Study of Waveform Characteristics for

Use in the Analysis of Shock Isolation
Systems for Underground Protective
Structures Jan

III-10

1965

1965

1965

1965

1965

1965
1965

1965

1965

1966

1967

1966

1965

1965

1967

Class.

Unclas

Unclas

Unclas

Unclas

Unclas

Unclas
Sacret

Unclas

Unclas

Unclas

Unclas

Unclas

Unclas

Unclas

Unclas
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Report No.

Title

AFWL-TR-65-71

AFRL-TR-65-75

AFWL-TR-65-78

AFWL-TR-65-82

- AFWL-TR-65-92

AFWL-TR-65-92

AFWL-TR-635-98

AFWL~TR-65-99

AFWL-TR-65-104

AFWL-TR-65-115

AFWL~TR-65-116

AFWL~TR-65-122

AFWL-TR-65-140

AFWL-TR-65-141

AFWL-TR~-65-145

AFWL-TR-65-146

AFWL-TR-65-156 -

A <RI § M vt AR AR o i

Development of Equipment and Proce-
dures for Producing Large Quantities
of Foamed Sulphur in the Field

A Study of Paramecers and Methods
Involved in Relative Displacement
Measurements in Soil

An Experimental Investigation of the
Arching Phenomenon Occurring Over a
Buried Rectangular Plate

Optimal Shock Isolation Synthesis
The Great Alaska Earthquake, Vol. I
The Great Alaska Earthquake Vol. II

Pressure Distribution on Underground
Structural Cylinders

Behavior of Flexible Underground
Cylinders

Development of the University of
New Mexico Soll Stress Gage

Digital Calculation of Axisymmetric
Elastic-Plastic Ground Motions

Engineeringz Classification and Index
Properties for Intact Rock

Response of Cylindrical Shells
Encompassed with Isolation Material
to a Piane Pressure Pulse

Fracture of Gypsum Plasters and
Cement Mortars by Dynamic Loading

An Annotated Bibliography of
Protective Structures Research

Structural Behavior of Ring Sections
Under Nonuniform External Pressure

Investigation of Equation of State
of Porous Earth Media

Development of Controlled Impulse

‘Technique for In-Situ Testing of

Rock

1II-11

Date

Jan

Jun

Jun
Jul
Nov

Nev

Apr

Sep

Aug

Nov

Sep

Feb

Feb

1966

1965

1966
1966
1965

1965

1966

1965

1966

1965

1965

1966

1965

1965

1966

1966

1966

Unclas

Unclas

Unclas
Unclas
Unclas

Unclas

Unclas

Unclas

Unclas

Unclas

Unclas

Unclas

Unclas

Unclas

Unclas

Unclas

Unclas
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Report Ne.
AFWL-TR-65-150

AFWL-TR-65-161

APWL-TR-65-176

AFWL-TR-65-178

AFWL-TR-65-180

AFWL-TR-65-191

AFWL-TR-65-201

AFWL-TR-65-202

AFWL-TR-65-204

AFWL-TR-65-206

AFWL-TR~-65-207

AFVWL-TR-65-211

AFVL-TR-65-224

AML-TR-66-4

AFWL-TR~66-19

e

Title Date
Nonlinear Static Arching for

Vertically Buried Prismatic

Structures Aug 1966
Experimental Study of Static and

Dynamic Priction Between Soil and

Typical Construction Materials Dec 1965
An Investigation of the Dynamic

Behavior of a Partially Saturated

Silt With Applications to Shock-

Wave Propagation May 1966
Structure-Medium Interaction in

a Nonelastic Medium May 1966
A Study of the Propagation of

Stress Waves in Sand Mar 1966
Multichannel Time-of-Arrival

Instrumentation System Feb 1966
Preliminary Investigation of

Structural Properties of Stabilized

Pressed Earth Blocks Mar 1966
Development and Test of Aircraft

Protective Revetments Dec 1965

Theory for Viscous Shock Attenuation
in Ducts Based on the Kinetic Theory
of Gases Experimentally Verified to a

Shock Strength of 68 Jul
Alrcraft Characteristics for Airfield

Pavement Design and Evaluation _ Mar
Soil Strain Gage Instrumentation Apr

Calculation of Underground and
Surface Exploaions Jun

Simulation Devices for Use in Studies

of Protective Construction Feb

Hardened Communication Cable System

Component Test Program Jul

Theory and Structure of the Afton

Codes Jun
I11-12

1966

1966

1966

1966

1966

1966

1966

Class.

Unclas

Unclas

Unclas

Unclas

Unclas

Unclas

Unclas

Unclas

Unclas

Unclas

Unclas

Unclas

Unclas

Secret

Unclas
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Report No.

AFWL-TR-66-21

AFWL-TR-66-39

AFWL-TR-66-47

AFWL-TR-66-50

AFWL-TR-66-51

AFWL-TR-66-54

AFWL-TR-66-56

AFWL-TR-66-57

AFWL-TR-66-59

AFWL-TR-66-63

AFWL-TR-66-81

AFWL-TR-66-83

AFVL-TR-66-84

AML-TR-66-85

AN1.~TR~-66- 86

-
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Title Date

A Geometrical Method of Studying Wave
Propagation Through Real Geologic

Layered Media Apr
Development of an Unlinked Long
Span Strain Gage Sep
Development and Evaluation of Pro-
Tective Revetments Nov
Investigation of Flash X-Ray
Techniques in Soil Dynamics and
Interaction Problems Aug
Piezoresistive Soill Stress Gage Sep
Photoelastic Sctudy of Wave Propagation
Propagation Oct
Stress Wave Propagation in Confined
Soils Oct
Feasibility Study for Using Sulphur
Aggregate Mixtures as a Structural
Material Sep
Statistical Design Procedures for
Shock Isolation Syatems Sep
Effects of Source Geometry on
Direct-Induced Ground Motions Jan
Response of Clay to Shock Loading Jun
Generation of an Elastic Wave by Quasi-
Static Isentropic Expansion of a Gas in
& Spherical Cavity; Couwparison Betwean
Finite Difference Predictions and the
Bxact Solutions Sep
sse of Distorted Models in the Study
of Dynamically Loaded Underground
Structuree Oct
Simulation of Alrblast-Induced
Ground Motions Phase II A Oct
Structural Response of a Hardened
UHG Antenna (437B-4) Apr
I111-13

1966

1966

66

1966

1966

1966

1966

1966

1966

1967

1967

1966

1966

1967

1967

Class.

Unclas

Unclas

Unclas

Unclas

Unclas

Unclas

Unclas

Unclas

Secret-RD

Secret

Unclas

Unclas

Unclaa

Uncles

Secret

SRR

R
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Report No.
APWL-TR-66-113

AFVL-TR-66-118

AFL-TR-66-123

AFWL-TR-66-124

AFVL-TR-66-134

AFWL-TR-66-138

AFWL-TR-66~-140

APWL-TR-66-146

ANL-TR-66-147

AFVL-TR-66~154

AFWL-TR-66-155

ANL-TR-66-160

APVL-TR-67-7

ANL-TR-67-8
Vol. I

Title

Computation by the Method of Charac-

teristice of Disturbance in an Elastic

Half~Space Caused by Blast-Like
Surface Loading

Shock Unloading Characteristics of
Porous Geological Materials

A Geometric Technique for Studying
Surface Motions from Underground
Nuclear Explosions in Real Geologic
Layered Media

Properties of Rocks Tested in One-
Dimensional t.ompression

Calibration of a Vertical Shock Tube
and Its Associated Soil Bin

Effects of Container Boundaries on
Free~Field Behavior of Dense Sand
Subjected to Shock Loading

Ultimatz Load-Behavior Curves for
Rainforced Concrete Flexural Members

ane-Propagation Studies in Laterally
Confined Columns of Sand

Evaluation of Structural Resecarch
Modei Phases II and IIA HEST

A Sonic Boom Study for the Struc-
tural Engineer '

>Soil Stadilization for Construction

of lLow-Strangth Austere Landing
Strips

An Aanotated Bibliography of
Protective Structures Research

Effacts of Gross Inaccuracies in
Structure Alignment and Soil
Resistance Properties on the Response
of Buried Structures to Nuclear Blast
Loadings

Multiple Threat Cratering Experiment

Volume I: Successive Cratering in
Hard Rock

1II-14

Jan

Jan

Jan

Jan

Aug

Feb

Oct

Jun

May

Feb

Aug

Date

1967

1967

1967
1967

1967

1967
1967
1967
1967

1967

1967

1987

1967

1967

Class.

Unclas

Unclas

Unclas

Unclas

Unclas

Unclas

Unclas

Unclas

Secret

Unclas

Unclas

Unclas

Cnclas

Unclas
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Report No.

Title Date

AFWL-TR-67-8
Vol. I1
AFWL-TR-67-12

AFWL-TR-67-15

AFWL-TR-67-16

AFWL-TR-67-21

APWL-TR~-67-25

AFWL-TR-67-27

Vol. I

AFWL-TR-67-28

ANWL-TR-67-50

ANL-TR-67-61
Vol. II

ANL-TR~67-65

ANL-TR-67-69

AFWL-TR-67-72

AFWL~TR-67-%

Multiple Threat Cratering Experiment
Volume II: Ground Motion in Rock Jul

Tonedown Treatment of Runways--
State of the Art Sep

Evaluation of 400-Cubic-Foot Soil
Bin Loaded Dynamicallv by a Large
Shkock Tube Aug

An Experimental Investigation of the
Dynamic Response of Model Silo-Type
Structures in Cohesive Soils

Phase I, Soil Properties Oct

Exponentially Decaying Pressure Pulse
Moving With Superseismic Velocity on

the Surface of a Half Space of

Granular Material Jul

Comparison Studies of Finite Dif-
ference Results for Explosions on
the Surface of the Ground May

Numerical Ground Motion Studies,

Voluze I: Study of Numerical Solu-

tion EBrrors in One- and Two-Dimensional
Finite Difference Calculations of

Ground Motion Jul

Aerodynamic Effects on a Siructure
Oscillating Within a Confined Cavity Oct

Evaluation of Soil Strain Gage
Instrumentation Aug

Shear Behavior of Deep Reinforced
Concrate Jaams,
Volume II: Static Tests Oct

Behavior of Small Vertically Buried
Cylinders Oct

Hand Solution of OCne-Dimensional
Inelastic Wave-Propagation Problems Oct

Experimental Verificatica of Neutron
Transport Calculations in Lithiums
Hydride Nov

A Treezing Technique for Gege
Placement Oct

III-15

1967

1967

1967

1967

1967

1967

1967

1967

1967

1967

1967

1967

1967

1967

Class.

Unclas

Unclas

Unclas

Unclas

Unclas

Unclas

Unclas

Unclias

Unclas

Unclas

Unclas

Unclas

Unclas
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Report: No.

Title

AFWL-TR-67-102
AFWL-TR-67-107

ANL-TR-67-110

TDR-61-66

TDR-61-93

TDR-62-1

TDR-62-2

TDR-62-3

TDR-62-6

TDR-62-9

TDR-62-10

TDR-62-30

TOR~62-43

TDR-62~-44

TDR-62-47

TDR-62-56

[EERIPRNEIRES L

HIP-1A Data Report

Chemical Stabilization of Playa Soils

Investigation of Buried Domes,
Phase 1, Evaluation of Instrumen-
tation and Preliminary Tests

A Method for the Prediction of Ground

Shock Fhenomena in Soils

Geologic Structures Stability and
Deep Protection Comstruction

Investigation of Silo and
Tunnel Linings

Study of the Use of Models to
Simulate Dynamically Loaded
Underground Structures

Study of the Use of Models to
Simulate Dynamically Loaded
Underground Structures

Preliminary Design Methods for
Underground Protective Structures

Design and Analysis of Foundaiions
for Protective Structures

Study of Blast Closure Devices

Theoretical Study of Structure-
Mediuwm Interaction

Theoretical Study of Energy Distri~
bution in a Half-Space Under
Dynamic Loads

Radiographic Iastrumentation Study

Study of Streas Wave Interaction
With Buried Structures

High-Compressive-Strength Concrete

III-16

Date

Oct

Nov

Jan

Feb

Jun

Jul

Apr

May

Aug

1967

1967

1967

1962

1961

1962

1962

1962

1962

1962

1962

1962

1962

1962

1962

1962

Class.

Unclas

Unclas

Unclas

Secret

Unclas

Unclas

Unclas

Unclas

Secret

Unclas

Unclas

Unclas

Unclas

Unclas

Unclas

Unclas
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Report No.
TDR-62-64

TDR-62-90

TDR-62-91

TDR-62-126

TDR-62-138

TDR-62-153

o

TDR-63-2

TDR-63-3

TDR-63-5

TDR-63-6

TDR-63-26

TDR-63-27

TDR-63-43

TDR-63-45

TDR~63-47

Title Date

Guide for the Design of Shock Iso-
lation Systems for Underground
Protective Structures Oct

Laboratory Experiments on the
Response of Soils to Shock Loadings Jan

Energy Absorption Capacity of
Granular Materials in Ome-
Dimensionai Compression Jul

Symposium on the Equation of
State for Earth Materials Nov

Alr Force Design Manual--~
Principles and Practices for
Design of Hardemed Structures Dec

Experiments on the Measurement
of the Response of Rocks to
Dynamic Loads Mar

Step Load Moving with Low Sub-

seismic Velocity on the Surface

of a Half-Space of Granular

Material Apr

Development of a Small Soil
Strain Gage Mar

Calibration of a 6~Foot and
a 2-Foot Diameter Shock Tube Jun

Study of the Collapse of Small
Soil-Surrounded Tubes Jun

Study for Development of Reciprocity
Procedures for Analyzing Data from
Underground Explosion Tests Jun

The Use of Rock Filters to
Attenuate Air Shocks Max

A Theoretical Analysis of
Stress Wave Interaction in
a Model Soil Juu

Research Studies on Free Field
Instrumentation Jun

Experimental Study of the Effect

of Materis! ®r-sperties on Coupling
of Bx "~;ila Bnergy May

111-17

1962

1963

1962

1962

1962

1963

1963

1963

1963

1963

1963

1963

1963

1963

1963

Class.

Unclas

Unclas

Unclas

Unclas

Unclas

Unclas

Unclas

Unclas

Unclas

Unclas

Unclas

Unclas

Unclas

Unclas




Report No.
TDR-63-48

TDR-63-53

TDR-63-3020

TDR-63-3021

TDR-6"-3023
TDR-63-3024

TDR-63-3025

TDR-63-3041

TOR-63-3048
TDR-63-3052

TDR-63-3035

TDR-63-3059

TOR-63-3060

TDR~63-3061

Title

Feasibility Study of Methods for
Dynamic Three-Dimensional Photo-
elasticity

Close-In Effects from Nuclear
Explosions

A Study of the Design and Analysis
of Poundations

Interaction of Plane Elastic Waves
With a Cylindrical Cavity

Project 1080 Research Summary
Gage Placement Study

Bibliography of Extraterrestrial
Research

Evaluation of Tunnel Livers iu
Granite--Shot Harcdhat, Operationm
Nougat

Vel. II: Proposed Tests of Lined
Tunnels in Granite '

Vol, TII: Static Stress-Strain
Curves for Various Materiale
Investigated for Use as Packing

Vol. IV: Static Tension Tests of
Lining Materials and Static Test
of 8-Gage Tunnel Liner Plate

Vol. V: Removal of Tunnel _ .ners
Stress Waves in Cranular Material

Scattering of Transient Elastic
Waves by a Circular Cavity

Developmant of an Apparstus for the

Dynamic Direct Sheat Testing of Soils

Two-Dimensional Dynamic Stress
Analysis in a Nouelastic Naterial

A Study of Static and Dmamic

Ragistance and Behavior of Structural

Elements

Studies in Axially Symmstric Wave
Propagation Problems {n Plastic
snd Hydrodynamic Media
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Jun

Jan

Jun

Aug

Jun

Feb

Feb

Feb

Jul

Jan

Oct

Now

Jan

Jan

Date

1363

1963

1964

1963
1963

1963

1963

1964

1964

1964
1964

1963

1964

1963

1961

1964

1964

Class.

Unclas

Unclas

Unclas

Unclas
Unclas

Unclas

Unclas

Unclas

Unclas

Unclas

Unclas

Unclas

Unclas

Unclas

Unclas
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Report No.

Title te

TDR-63-3064

TDR-63-3073

TDR-63-3075

TDR-63~3078

TDR-63-3082

TDR-63-3085

TDR-63-3089

TDR-63-3091

IMR-63-3092

TDR-63-3096

Use of Models to Predict the Behavior
of Dynamically Loaded Underground
Structures Jan

The Calibration and Interpre*:ation
of Recorded Shock-Tube Pressure Data
Using Plezoelectric Seasors Nov

A Study of the Dynamic Soil-
Structure Intera.tion
Characteristics of Real Soil Media Jan

Static and Dynamic Behavior of a
Playa Silt in Oue-Dimensional
Compression Sep

Dynamic Model Tests, HORAD Combat
Operations Center Jun

Analvtical and Experimental
Inveatigations of Silo and
Tunnel Linings Jan

The Behavior of Sand in One-
Dimensional Compression Oct

A Study of the Parameters Which
Affect Scaling of Underground
Structures Jan

Behavior of Simple and Restrained
Deep Reinforced Concrete Beams Under
Static Loading Mar

Design Procedures for Shock

Isolation Systems of Undergrouud
Protective Structures

Vol. I* Structure Iaterior Motiosns Due

to Air Blast Iuduced Ground Shock Jun
Vol. II: Structure Interfor Motions

Due to Directly Traasmitted Ground

Shock ’ Sep
Vol. III: Response Spectra of Single-
Degree-of-Freedom Blastic and

Inelastic Systeams Jun
Vol. IV: Response of Two-Legrec-ui-
Freedom Elsastic and Inelastic Systems Jan
Yol. V: Rsponse Spectra of Multi-
Degree-of-Freedom Zlastic Systews Apr
Vol. V, Suppl.: A Computer Program

for the Computation cf Dynamic

Structuril Response Apr
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1964

1963

1964

196,

1964

19564

1963

1964

1964

1964

1964

1964
1965

1965

1966

Unclas

Unclas

Unclas

Unclas

Unclas
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Unclas

Unclas

Unclas

Unclas

Unclas

Unclas
Unclas

Unclas

Unclas
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TOR-63-3106

TDR-63-3109

TDOR-63-3114

TDR-63-3116

TDR-63-3125

TDR~64-3

WL~TDR-64~4

WL-TDR-64-5

WL-TDR-64-7

WL~-TDR-64-8

AL-TDR-64-11

WL-TDR-64-12

WL-TDR-64~13

WL-TDR-64-20

WL-TDR-64-27

Title

Pilot Study into tha Arching
Phenomenon

The Interaction Between a
Structural Tuke and The
Surrounding Soil

High Ccmpressive Strength Concrete

A Study of the Beshavior of a Clay
Under Rapid and Dynamic Loading in
the One-Dimensional and Triaxial
Tests

Theoretical Study of Energy Distri-
bution in a Half-Space Resulting
from Dynamic Loading in a Depres-
sion at the Origin

Pore—-Alr Pressure Study

Date

Feb

Jan

Jan

Jun

Mar

Feb

The Mechanical and Optical Characteri~

zation of Hysol 8705 With Application
to Photoviscoelastic Analysis

Step Load Moving on the Surface of a
Half-Space of a Locking Material Sub-
seismic Case

Development of a Soil Strain Gage for
Laboratory Dynamic Tests

Step Load Moving on the Surface of a
Half-Space of a Locking Ma.erial Sub-
seismic Case

A Peak Load, Self-Recording On-
Structure Stress Gage

A Theoretical Analysis of Stress
Wave Interaction in a Model Soil
--Further Studies

The Response of Buried Cylinders
to Quasi-Static Overpressures

Feagibility Study of Shock Iso--
lating a Very Large Structure

Prediction Calculations for Tree
Field Ground Motion

I11-20

Jun

Dec

Apr

Feb

Jun

Apr

Sep

Sep

May

1964

1964

1964

1364

1964

1964

1964

1963

1964

1964

1964

1964

1964

1964

1964

Class.

Unclas

Unclas

Unclas

Unclas

Unclas

Unclas

Unclas

Unclas

Unclas

Unclas

Unclas

Unclas

Unclas

Unclas

Unclas
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Report Nec.

WL~TDR-64-28

WL-TDR-64-29

WL-TDR-64-35

WL-TDR-64-47

WL-TDR~64~51

WL-TDR-64~52

WL-TDR-64-53

WL-TDR-64~54

WL-TDR-64~55

WL~TDR-64~59

WL-TOR-54-64

WL-TDR-64~65

WL~-TDR-64-72

WL-TDR-€4-76

WL-TDR-64-91

Response of Fonam-Isclated Tuinel
Linings to Transient Loadings

Bibliography of Extraterrestrial
Research (2nd Edition)

A Study of Dynamically Loaded
Composite Members

Strain Variation in g Triaxial
Scil Test

Evaluation and Interpretation
of Ejecta Data from Cratering
Explosions

Shock Unloading Characteristics
of Crushable Rocks

A Study of the Feasibility of
Shock Isolating Very Large
Manned underground Structures

Respense of Deep Reinforced
Concrete Slabs

Multi~Channel Time of Arrival
Instrumentation

Investigati »n of Equation of
State of Forous Material

A Study of the Behavior of
Thick Cylindrical Shells

Three~Dimensional Photoelasticity
Study of Thick-Walled Cylindri-zal
Shells

Studies of Finite Difference
Techniques for Continuum
Mechanics

The Investigation of the Detonation
--Shock Tube Technique

A Quasi-Static Theory of Socil
Structure Interaction

III-21

Date

Jun

Jul

Jul

Sep

May

Aug

Jun

Feb

Apr

Aug

Apr

Aug

May

Sep

1964

1964

1964

1964

1964

1964

1964

1964

1964

1964

1965

1964

1964

1964

1964

Class.

Unclas

Unclas

Unclas

Unclas

Secret

Uncles

Unclas

Unclas

Unclas

Unclas

Unclas

Unclas

Unclas
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Contractor

In-House

™

DOCUMENT NUMBERS

N

TR

TDR

57-2
58-3
59-1
59-2

Fric H. Wang Civil Engineering Research

Facility (University of New Mexico)

Iv-5

58-1
59-11
59-14
60-39
61-7
61-26

58-23
61-12
65-11
65-13
65-26
65-21
65-92, V.I
65-92, V.II
65-141
65-191
65~201
65-202
65-224
65-104
66-4

66-21
66-47
66-63
66-85
66-86
66-123
66-154
66-155
66~160
67-8, V.I
67-8, V.2
67-25
67-90
67-102

64-108
65~9
65-46
65-75
65-176
65-180
65-204
66-30
65-160
66-86
66-134
66-138
66-140
66-146
66~155
67-15
67-50
67-65
67-69
67-107
67-110

62-126
63-3023
63-3082
63-3092
64-8
64-20
64-29

63-5
63-27
63-2073
63-3106
64~3
64-13




Contractor

Agbabian-Jacubsen Assoclates

American Machine and Foundry Company

Applied Theory

Armour Research Foundation

Atlantic Research Corporation

Boeing Company

Broadview Research Corporation

California Institute of Technology

Colorado, University of

Davisson, M. T.

Firestone Flight Sciences Laboratory

DOCUMENT NUMBERS

R E N SO

General American Transportation Corporation-MRD

™ N TR TDR !
i
67-28 !
57-32 56-46 62-3 ‘
59-4 5819 62~10
59-2 62~ 44
60-8
61-5
67-27, V.I
56-66 57-1 62-1
57-18 59-3 62-9
57-27 59-16 62-47
57-37  39-47 63-3
58-18 59-48 63-48
58-24  59-56 63-53
58-26 59-57 63-3024
60-36 59-59
61-14 60-3
61-16 60-4
60-11
60-54
61-7
61-25
61-32
61-51
58-48
64-111 64-51
64-164
67-8, V.I
57-9
57-29
59-24
60-41
64-4
64-163
64-118
64-155
64-76 62-43
64-113 63-3091
64-143 63-396
63-3125
63-143
64-55
64-76
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Contractor

Grumman Aircraft Engineering Corporation

IIT Research Institute

Illinois, University of

Iowa State University

Louisiana State University

Massachusetts Institute of Techaology

Mslpar, Inc.

Mechanics Research

DOCUMENT NUMBERS

TR TDR
65-20, V.I,II
64~122 63-3020
65-15 63-3059
65-43 63-3060
65-51 63-3085
65-82 64-7
65-122 64-28
65~207 64-47
66-39 64-52
66-51 64-65
66-54
66-56
66-118
56-47 62-6
57-21 62-91
57-22 62-138
57-23 63-3021
58-5 63-3041,V.1,1I,

III, IV, & V
59-9 63-3078
59-18 63-3089
59-76 63-3116
59-72 64-91
60-16
60-53
61-47
61-55
61-90
64-157
65-29
65--31
65-115
65-116
65-78
67-7
67-16
64-142 62-2
66-84 63-3064
64-64
61-48 63-6
61-58 63-3109
65-98
65-99
65-140
65-145
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DOCUMENT NUMBERS

Contractor ™ N

Michigan, University of

Missouri, University of

National Engineering Science Company 61-6

Newnmark, N.M., Concuiilny Inglacericg
Service

Northrup Ventura Corporation

Notre Dame, University of

Nortronics

Physics Intermational Company

Prismo Safety Corporation

Purdue Universitcy

Ralph ¥. Parscons Company
Sandberg Serrell Corporation
Science Engineering Association

Shannon and Wilson

Southwest Research Institute

space Technology Laboratories, Inc.

Iv-8

TR TDR

57-32

57-45

58-28

58-49

59-58

60-1

61-60
61-93
62-153
62-30
63-43
633052
64-12

60-5 63-3096, Vol.V
Supplement

66-147
64-72

£5~48 63-3055

66-19

65-211 64-27

67-12

65-161 62-90

66-31

65-67 64-53

59-49

65~178

64-~112

64-175

65-71 64-54

66-57

56-48 63-3061

61-6 64-59




Contractor .

Stanford Research Instltute

Technology Incorporated
Texas, University cf

United Electro Dynamics Corporation

United Research Services

Utah, University of
Wsshington, University of
U.S. Department of Interior

Wa*crways Experiment Station, USA

Weidlinger, Paul, Consuliing Engineer

DOCUMENT NUMBERS

™ ™ TR TDR
56-48 64-59
58-23
59-71
60-20
65-14%
66-113
66-59
65-8 64-135
60-55 63-45
64-11
63-47
63-3075
66-124
65-12
65-156
65-16 62-56
63-3114
60~30 59-10 61-66
64-8 63-2
67-21 63-3048
64-5
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