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FOREWORD

Jr This report was prepared under Program Element 6.16.46.0l.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 technical 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.
11m author has obtained a large amount of material from their reports.

This report has been reviewed and is approved.

LAUDEJ.SRNE
LL Colonel, USAF
Chief, Special Projects

'RBR E.CAFR &2"GW.DARBY, JR. o
Lt Colonel, USAF V 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 repor.ts and weapons test reports related Lo protective structures published
before July 1958. Section III lists all designated reports by document number
including title, publication date, and classification. Section IV gives alisting by contractor.
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SECTION 1

Edited abstracts of Technical Memoranda, Technical Notes, Technical Report6,
and Technical Documentary Reports (Parts A, B, C, and D).
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INTRODUCTION

This bibliography is a compilation of research reports dealine with nuclear

weapons effects on protective structureas well an with the analysis and design

of such protective structures. The•_se reports have been published by the Civil

Engineering Branch, Development Division, Air Force Weapons Laboratory, and

predecessor organizations from July 1951 to December 1967.

A large amount of the information 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," AIWL-TR-65-141.

c. Merkle, Douglas K., Capt, USAF, "Project 1080 Research Summeay,"

August 1963, 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, Mahlon E., Jr., Capt, USAF and Player, Richard L., Jr.,

Lt, USAF, "A Summary of Reports Produced Under ARDC Project 1080," March 1959,

AFSWC 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 Defende Documentation Center number I
assigned to the document, if available.

Title

AF Contract Number

1-3



Report Contractor

Publication Date

Security Classification--U - UNCLASSIFIED
OUO - OFFICIAL USE ONLY

C - CONFIDENTIAL

S - SECRET

S-FED - SECRET FORMERLY RESTRICTED DATA

SRD - SECRET RESTRICTED DATA

Report Summary

Section II lists, in chronological order, undesignated reports published

prior to July 1958, with the following information:

T!ITLE 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 in the following manner:

Contractor TM TN 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 1950 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 Special 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. )ost 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 Blast Effects Research Group of the Aeronautical Research

Laboratory, Wright Air Development Division, Wright-Patterson LFB, 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 APB, 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 (AIWL)

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 subtaska which are the respon-

sibility of the Civil Engineering Branch:

1-5
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- 1. Determination of Dynamic Properties of Soils

1 2. Dynamic Response of Buried Structural System and Materials

3. Development of Techniques for Simulation of Nuclear Weapons

Blast Effects.

4. Effects of Dynamic Reeponse of Structures on Contents

This bibliography will be updated periodically with summaries of research

reports generated by both in-house and contractor projects connected with these

subtask areas.

1-6
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PARTS A, B, C, AND D

PART A: TECHNICAL MEMORANDA

PART B: TECHNICAL NOTES

PART C: TECHNICAL REPORTS

PART D: TECHNICAL DOCUMENTARY REPORTS
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SVC-94-5T-2 AD- 467 201
P3O(3DIIOB OF FIRST SRHOCK TU•o s8O6M, 26-27 FEBRARY 1957
In-house
FTbruary 195T
U

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

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

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

(3) The Development. of a Shock Tube to Generate Variable Stegped Shock
Fronts

(4) Studies gf Transient Air Forces on Two-Dimensional Airfoils

(5) Studies of Grids in Shock Tubes I
(6) The Development of the Shock Tube Facility for Airfoil Studies

(T) The Surface Film Thermometer: A Versatile Shock Tube Technique

(8) Sowe Observations of Bifurcated Reflected Shock Waves

(9) Numerical Solution for the Reflection of a Conpression Wave from
a Rigid Wall

(10) The Use of the Shock Tube in wersocnic Research

(11) .•,.t ot Re-entrmit Corners

SIC-TH-58-3 ;Z-211 239
PNOUDIMG OF TU SEOND SHOCK TUBE SYMPOSIUM, 5-6 MXA( 1958
In-house
Mwrch 1958

SU

Papers given at the second AFPWC Shock Tube 8ympnosim are presented in
this report. The symposium reviewed modern developrents, techniques, Nperation,
and instrumntation of shock tubes. Below is a list of papers presented:

(1) Shock Tube wind Tunnel Research It the UM Naval Orsagneg Laboator
(2) Shock TOe Studies of Bltr.Paee BehiYd Fremdble Wall PpMis

(3) A Cm ison o' ShockTUbe and Field est V te oW the Pressue
&414= DBehA ftenible Wa-ls
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(4) Some Results of a -ck Tube for Biomedical Investigation

(5) Experimentation with the General Electric Six-Inch Shock Tunnel

(6) Pressure-Time History in a Chamber Sublected 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 Techniques

(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
Dis charge

SWC-TM-59-1 AD-
FOURTEENTH MEETING OF THE PANEL ON BIAST EFFECTS ON
BUILDINGS AND STRUCTURES, AND PROTECTIVE CONSTRUCTION, VOLUME I
In-House
October 1958
SFRD

The agenda of the fourteenth meting of the panel on blast effects on
buildings and structures are mainly devoted to presentations by contiactors
working on problem arising from Project 1080, '"Nuclear Weapons Effect* on
Standard and Hardened Structures." The urpose of this meting of the panel
is to give each contractor a good overall picture of the integrated progrm of
Project 1080 and to enable them, as well as the consultants and representative*
of the interested government agencies to tmnt on these efforts. Project 108D
is divided into tasks; presentations will be by task in order to present the
work in the same field in consecutive order. A discussion will follow each
presentatton.
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SWC-TD-59-2 AD-230 333
PROCZEDINGS OF THE THIRD SHOCK TUBb SYMPOSIUM, 10-12 MARCH 1959
In-house
March 1959
U

This 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 development, 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 Hypersonic
Stream--A. V. Former, Lockheed Aircraft Corporation

(3) Flow 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 Division

(6) faurement of Concentration Behind Shock des Using an Ultraviolet

Absorutiou Technj.!jJohn S. Evans and Charles J. Schexnayder, NASA
Langley Reaearch Center

(7) DiffusiMn Effect* on Shock Structure in a Plasma-O. W. Greenberg and
H. K. Sea, Air Force Cabridge Research Center, and Y. H. Treve Block
Associates, Inc.

(8) l•eddigues of Pressure Measurement on an Airfoil in a Shock Tube-
J. R&y Ruetenik

(9) Theo ApUcation of Pressure ,*, Force Tranr'ucers in Shock Tunnel
Asrodyuamei Stdes-C. J. Harris and E. . Kaesgi, General Electric,
WMssile and Ordnance Systems Department

(10) Shock tub Studies of the, Effects of SbaER-lisinit. Long-Duration
Over"oreseure o2 1iolo10ial §ytms--D. R. Richwond, R. V. Taborelli,
F. Sherping, N. B. Wetherbe, I. T. Smachez, V. C. Goldizen, and C. S.
White, Lovalace Foundation

(11) hotrs for the CEBleast Siamlato--S. L. Sugg, Naval Civil
lngineering Laboratory

(12) fators b the pasila of Shock TA, .eili-ties--D. B. Singer,
Armour Iesearch Foundation

(13) The Shock Othmber-=A Device for Produc&nM High StrengUth. S&berically
W 1gd/in S9ock MMeM--Zez th Kaplan and A. b. Willoughby, BroadviewResarch Corporation

(14) A 0r-Incb Force Cae for Dret MeasujreM in tbhe Shock Tube-

Villism G. Zuka, US Naval Ordnance Laboratory
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(15) Changes in Drag Caused by Shieldins--George A. Coulter, Ballistic
Research Laboratories

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

(17) Interaction of Blast Waves with Wings, Part I. Ten-Foot Diameter
Free Jet Shock Tube--Harold B. Pierce, NASA Langley Research Center

(18) Interaction of the Blast Wave with Wiuzs. Part II. Wave-Table Studies
-- Donald R. McFarland, NASA Langley Research Center

(19) Experiments and 7Thory on Explosive Decompression in the Six-Foot
Shock Chamber--T. H. Schiffman and A. H. Wiedermann, Armour Research
Foundetion

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

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

A-5
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sWc-'3-6-66 AD-358 730
TET PLAN FOR PRJECT 3 .- OPERATION PILGRIM (P nMoBB)
33(616)-4534: Armour Research Foundation
October 1956
S-RD

This report outlines a test plan for Operation PILGRIM Project 3.4,
utilizing existing structures at the Nevada Test Site. The test plan includes
(1) response of drag-type buildings, (2) tests of concrete panels, (3) air-
blast effects an underground structures, (4) interior loading and response of
underground structures in the precursor region, (5) blast loading on interior
obstacles, (6) blast loading behind failing walls, astd (7) miscellaneous items.

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

SWC-TN-5T-18 AD-460 995
STUDY OF SHOCK ABSORBM DEVICES
33(616)-2534: Armour Research Foundation
May 1957

41 U

Theoretical analyses carried out in this study show it is possible to
eliminate reflections ef a plane flat-top blast wave at the partially open
end of a shock tube. This is done by placing a grid at the tube end. Area
ratio is the principal variable defining reflected signal magnitude, grid
geometry and viscosity being of secondary importance. Analysis predicts
reflected signal magnitude when a shock wave is incident upon the grid at
the shock tube end.

Analysis ftrtbmr illustrates the effectiveness of the grid 11n both
reducing and delaying the reflected signal from the shock tube end vhenever
a peaked shock wave is incident upon it.

The ease of a grid in a constant area %.wnel (shock tube) is also
treated and the transmitted and reflected shock wave strengths are presented
(for air). Results are presented as a functios. of ineident shock strength
and grid area ratio.

SWC-TN-57-2T AD-153 6-17
TEE FASIBILITY OF W WRAYING VARIOUS DESIRED PRSMM WAVE IN UNO(X
TUS TWF= UWE SUCCESSIVI I1TOI OF EXFWSIVE C0AB=
33(616)-,1534: Armor hsearch Foundation
August 1958
U

This report presents an analysis of gas flow relationships behind as explosive-
generated shock front sdvancing in a constant area chmnel. A 6esity distri-
butim behind the shock front of the form
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p p• is assumed, where p is gas density at a distance r, from the

explosion source, and P is gas density at a shock front distance R, also

measured from the explosion source. The exponent g is determined from physical
eonsiderati.ons. Application of principles of coniervation of mass, momentum,
a-d energy, together with an assumed density distribution, leads to a particle
velocity distribution, pressure wave form, and sh::a atrength-scaled distance
decay curve. Valivs of flow variables at the shock front are, of course,
determined by Ra.kine-Hugoniot relations.

Analogous flow variable relationships are derived by an approximate
method for the situation where several explosive charges are detonated
successively. By employing this analysis, charge weights, detonation time
delays, bnd explosion source distances required to generate pressure wave
forms of variots shapes can be calculated. Calculations are presented for E

three pa-ticular vave forms, including nonpeaked and multiple-peaket cases.

Analysis shows, within the validity of assumptions made, it is possible
to generate desired pressure wave forms. This may be accomplished by detonat-
ing a series of charges of appropriate size, at the proper times. Analysis
also telis the aize of charges needed and at what time each is to be d.tox-ted,
in order to generate predetermined wave forms. Detailed specifications for
generating three desired wave forms are presented in the report.

SWC-TN-57-32 AD- 458 130
NET-FORCE SENSOR REEARCH
33(616)-2457: American Machine and Foundry Company
April 1958
U

The objective of research reported herein was to produce working models
of net-force sensors, and to deve w the technology of their fabrication and
use. A net-force sensor is an instrument which measures net blast force on
an object as a function of time. It i- 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 cantilever beam net-torce sensor can be constrncted to measure
transient force phenomena aj a shock tube model. A sensor of this 'type was
constructed with a minimum of preliminary theoretical design analysis, and
was used to measure force on a rectangular bar model in the shock tube.

(2) The SI pressure gage, used as the sensing element, has outstanding
possibilities for use in net-ftrce sensor construction. It permitted construc-
tion of a rugged instrument which gave accurate data. The SLM gage has a
higm degree of sensitivity and a high natural frequency.

(3) The net-force sensor demonstrated certain inadequacies which have
to be corrected before it can be used as a practical instrument, The principal
disadvantase was excessive vibration superimposed on force vs. time r'Rcords.
This effect was reduced by stiffening the beam and using a v•ude filter at

3-2



the output, More refined cantilever beam design and filter analysis would
be desirable.

Another inadequacy in the sensor is the fact that the SLM gage is not
used in an optimum manner. A more refined design, which would balance gage
output with cantilever beam stiffness, could substantially increase the sensor
natural frequency. This would make the sensor more. useful in measuring tran-
sient phenomena and possibly reduce vibration problems.

(k) Future designs of net-force sensors should not be limited tc the

cantilever beam ccncept. Sensors using multiple load-cell arrangemiets and
supports other than a cantilever beam should be considered.

Note: No further development of this type of net-force sensor was imdertaken.

SWC-TN-57-37 AD-153 637
OPERATION OF THE AIR FORCE SHOCK TUBE LABORATORY, GARY, DIANA
'33(616)-2644: Armour Research Foundation
October 1957
U

This report summarizes activities of the rmour 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 Airblast loading on oil storage tanks; mill buildings; block cylinders
and domes; building interiors; and successive bents

8 Instrumentation

9 Annular ring shock attenuators in tunnels

10 Response studies on miniature oil storage tenks

11 Tests of the BRL field "Q" gage

12 Explosive aircraft decompression

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

In addition to routine laboratory maintenance, continuous effort was

made to increase operating accuracy of Inetrumntation equipment, and to

design and construct better pressure gages. These efforts were reasonably
successful. Improvements of the facility included a 94-foot extension of the
6-fool shock tube, reorientation of the existing 6-foot tube in the opposite
direction to accomodate its extended length, installing and equipping an
additional building to be used as office space and to house the l-inch shock
tube used for gage calibration, and installing additional equip•ent in and
remodeling the instrment room.

D-3
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8WC-ii-58-I AD-358 337
GCOL0DICAL AND GEOPHYSICAL CONSIDERATIONS FOR ICBM LAUNCHING SITE SELECTION
In-house
Decewmber 195T

This study discusses desirable and undesirable geologic characteristics " Sof sites for an underground, cylindrcal shelter containing an ICBM. Soil

and rock properties are investigated regarding their capability to absorb
and/or redistribute dynamic energy induced by nuclear explosions.

General recommendations presented in the report are as follows:

1. A ground water table above the elevation of the missile platform is
undesirable.

2. The soil condition at ground surface should be firm enough to
support construction operations.

Unfavorable geologic enditions can be overcome during the constructi,,.
phase, but to do so will decrease confidence in the adequacy of the structure,
and result in a considerable increase in construction cost. Five geological
regimes are recomended in order of 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, uniform, 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.

5. Deep aedimentary clays, silts, or shales, which 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 satuwated shales, and solution-channeled lime-
stone should all be avoided. In addition, the climate should be semi-arid
to arid, to avoid temporary major changes in ground water level.

SWC-TS-58-18 AD-46o 9o96.
INVESTIGATI0 OF WAVE PROPAGATION IN SEMI-SOLIDB
29(601)-465: Amour Research Foundation
March 1956
U

This research program had two main objectives: (a) further development
of experimental methods of dynamic photoelasticity and embedded grids as a
mans for studying wave propagation phenomena in solids, and (b) development
of a method for studying the performance of pressure gages, embedded in a

3-4'



CpecimaL and subjected to an liaj"t type of loading. The program vas & couin-
uation of a previous research program, in which, a Fastax camera in conjunction
with soft model materials was introduced as a means for studying wave propaga-
tion.

During the course of the program, a microflash method vas developed for
recording photoelastic patterns and grid deformations simultaneously. A soft
photoe3astic material (Hysol 8705) was selected as the model a al and its
static and dynamic properties (physical and optical) vere emnpletely determined.
By using the photoelastic pattern, grid measurements, and material properties,
it was possible to determine stress distrib,,tions resulting from impact-type
loadings. As an indication of the procedure to be used, principal stresses
along the vertical diameter cf a disk subject +o diametral compressive impact
loading were determined.

In another phase of the program, the Fastax camera was used to study wave
propagation 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 models for air blast studies. Fringe patterns
obtained vere satisfactory for studying overall wave propagation phenomena.
In regions where more detail was required than could be recorded on the 16-mu
Fastax film, a microflash unit gave suitable records.

Performance of barium titanate and diaphraga pressure gages embedded in
soil or soft rubber specimens and subjected to impact loadings was studied,
using impact pendulums. In general the barium titanate gages recorded pressures
which compared favorably with indelendently determined pressures, when the
loading rate was high. The dinphragm gages performed better when the loading
rates were lor.

SWC-TI-58-23 AD-358 334
GROUND MOTION INDUCED BY NUCLEZA. EXPLOSIONS-A STUDY OF FINDAMMAL PROBEMS
29(601)-540: Stanford Research Institute
November 1958
C

This report discusses analytical and experimental approaches to studying
dynamic soil behavior, particularly the response of soil and rock subjected
to nuclear airbursts and loadings which &his response will impose on buried
structures.

Three general areas of research were investigted: laboratory experiments
to determine dynamic properties of soil and rock; scaled IM field experiuuas;
and mathematical theory of two-dimensional wave propagation.

Solution of the nonhomogeneous elastic probles was investigated, and
three-dimensional viscoelastic theory is discussed. Feasibility of an electric
network analog solution is shown to have considerable promise.



5AD-230 18
MrIAL IN IISTIGATIOE OF WAVE PROPAGATION IN LARM SOIL PMILS
S 29(601)-796: Armour leseareh Foundation
December 1958
U

Preliminary shock tube tests were conducted to study pressures recorded
by barium titanate pressure sensors located in a moist clay smaple with one
surface exposed to the pressure pulse of a transient air blast wave. Primacord
va =ausd to generate the blast vav.

A cylindrical ample 15-3/4 inches in diameter and 36 inches long, con-
taining 15 gaes at various distances •u the loaded surface, vas subjected
to blasut eTrpreesures of 6.C. 10.5, 19.0, and 31.4 psi. Good records were
obtained from 13 ages on each of four shots. The compression wave exhibits
a finite rise-tive, increasing vith depth up to a depth of roughly one diemeter,
after vhich it remains roughly unchangd. Time-of-arrival of the wave front
at a given depth vas found to be independent of air blast overpressure, vhile
tim-of-arrival of Initial peak pressure decreases vith an increase in over-
pressure, largely as a result of reflections of the compressional vave from
the sides of the sample container.

Besulta indicate the shock tube is an effective device for loading large
so1l samples (dimansions of the order of about 1.0 to 5.0 feet) vith controllable
and reproducible impact loading. Furthermore, overall performance of a barium-
titanate pressure gae embedded in msost clay seem to be satisfactory. Fnther
tests should be conducted on samples of this general type in redesigned con-tamner .

8VC-21-5" AD-230 311
AIR BLAST LOADING Off A 8 AID D0M
29(6M)-'796: Armno- riesarch lbumdation
September 1958
U

Tests veon conducted on solid arches and doms in the Air Plorce 6-foot
shock tube in Gary, Indiana. Primsaord high explosive van used to generate
shocks ranging in strengths from about 1.3 to 7.0. This resulted In both
subsonic and supersonic floe behind the shock trot.

tWo arches ad four dames vere tested. The arches vere sections of
circular cylinders, vith central angles of 120 and 180 degrees, oriented with
flow normal to the asd. of the cylindrical surface. The dmes were seetions
of spheres, with central angles of 60, 90, 110, and 180 degrees.

Point pressure measurements were obtained at various points on the
sarflce of each structure. Flusb-mted miniature borium titanate pressure
sensors were used to obtain inividual pressure-tine records for each ga
position.

ftessure-tim, curves are presented together with charts giving nuerieal
values of essential quantities. These qantities are normulised pressure-time
value for critical points of the diffraction phase, and drug coefficient for
the paed-st44e-state phase. Profiles showing variation of these quatnities
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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 a parameter are
shown when necessary.

SSWC-T7-59-I AD-460 997
SHOCK TUBE AIR VELOCITIES
33(616)-2457: American Machine and Foundry Company
November 1958
U

The purpose of this experiment was to measure mass flow velocity behind
a shock front in a shock tube, by observing displacement of heated air bubbles
created in the flow by spark discharges. The report contains the measurements
and following conclusions:

Data show a general trend of increasing velocity behind the shock front.
Whether or not the shock front velocity itself changed yes not determined.
Data also indicate flow velocity is consistently higher than theoretical values.
However, because the number of observations was small, and because of a discrep-
ancy in determining the basis for theoretical calculations, comparisons with
theory are inconclusive. Direct flow measuring, hovever, is praotical, adapt-
able to shock tube study, and yields a graphic velocity-time history.

SWC-Tff-59-8 AD-211 213
REVIEW OF THE LITERATU PERAININO TO THE BWAVIOR AND WSICW OF MV BYMiC-
TURAL NOW=
29(601)-h68: University of Illinois
June 1958
U

After a comprehensive literature survey of the field of deep beam, 80
pertinent references were selected for presentation.

Rou*ly half of these pertain to reinforced concrete deep bea- theory.
No conclusions vere dram although volmmious data of failure mechanies were
obtained for diverse configurations of reinforcement. These data cam be used
as a guide in organizing future testing.

Another poV of references concentrates on smont-bhear interaction in
medilm-thick been (1:6 ratio), from vhich veb reinforcement information was
obtained. Utfartunately, theories used in this grou of reports were for an
umcracked, idialised material. The big void in this particular phse is the
behavior of beam of real mate•rals.

Another Soa of reports reviews the response of sall beans of conev-
tionai loemb-dopth ratioo to Impaet loadlng.

fte last of refermene ars paprs on behavior of deep staft mambo.
Coasia~slde• more seems to be known about mt-aboar-plastie flow Intoraction
In- steel. Laboratory check palats we needed, however, to verifyV roest ana-
lytical studies.



C -AD-30T 301
A SWHARY OF REPORTS PRODUCED UNDER ARDC PROJECT 1080, PROTECTIVE CONSTRUPIMN
AND TAROST VULNERABILITY, AND ITS PREDECESSOR
In-house
March 1959½ The purpoce of this report is to summarise the work of AISWC Structures
Division, its predecessors, and contractors in research dealing with nuclear
weapons effects on protective structures, in order that other interested agencies
i be made cognizant of results obtained, and that closer coordination and
cooperation ms be effected between them. Sam work mentioned vas performed
under tasks previously terminated.

) Individual contracts and pieces of work are grouped uader their respective
,1 general fields of research, with the exception of reports prepared under

Progsra 3 of Operat. as GR••HOUSE, BUSTER-JANGLE, and UPSHOT-KNOTHOLE, and
miscellaneous reports prepared under ad hoc contracts. These latter reports
have been grouped in separate chapters.

SWC-TI-59-14 AD-216 716
"* IMPROVET IN TOE CAPABILITIE OF TH' A,,-YORCE 6-FoOT SHOCK TUBE BY SEVERAL
OMW OF AMWITU
In-house
Nw 1959

t IDA w wa of arranging primacord strands (the shock-producing agent) in
the Air Force 6-foot shock tube has increased the capability of the laboratory
to produem clean shocks equal to those observed in detonations of nuclear
weapons. The old arrangement furnished clean shocks equal to those produced
b, y 1/8-KT explosions up to TO-psi overpressure. The new arrangement gives
shoCks in the test section equal to those produced by 5-MT detonations up to
100-psi peak pressure with the tube ends closed.

The report shows how to obtain a shock in a similar, but wich improved
tube, which reproduces the clean blast wave conditions of megaton detonations
Up to 4O--pai peak overpressure.

S s• -N--oAD1-47 991
A G9OLMA OF •GPL8ICS: TUE SYSY IC Of=DY OF V0P100I KY IN TIM

U

Orowisn interest in ground motion, design of underground protective
struwttws, earth moving, and predictions for field experiments requires
engineers end scientists to be failiar with the langu.m of geoplomice, its
theories and phenomena. This glossary attemts to provide, within a single
co•er, a reservoir of that special language.

"• I•.-8

I



!
Term and their d-finitions have been selecte4 to include not only the

dynamic aspect of ground motion (accelerstion, velocity, and displacement)

but also the peronent effects of that motion (craters, residual strain, and
permaent displacement). Also included are term from related fields, such
as seismology, which may not now be ±n widespread use but which are likely to

be used more often as ground motion research increases.

Many words contained herein already have standard meanings in other con-
jtexts and are applied to ground motion with their usual meaningS intact.

Some haxt; a definition in one field and have taken on a different meaniag when
applied to ground motion; and others, as standard term in this field, have
had their meanings brought up to date. Still others, in the interest of
unambiguous eomamication, are coined to describe heretofore unnmed phenomena.

bVC-19-60-30 D60
ATTEMUATICB OF STRESS WAVES IN BILINEAR AD-oIAL6
29(6o1)-2855: Paul Weidlinger and Associates
October 1960
U

Attenuation of plane stress waves in a bilinear medium, generated by a
decay•ng surface pressure pulse, is studied to obtain an approximate solution
when the medium has a stress strain diagram with positive curvature. Wave
equations are derlved, and beyond a given distance from the surface the
intensity of peak stress and peak particle velocity is found to depend on a
single parameter. This result it helpful in establishing the physical charac-
teristies of granular soils which control their dynamic behavior under high-
intensity nuclear surface blast pressures.

SWc-TN-60-36 AD-251 hT8
I AND ANALYSIS OF ?OtWDATIOMS FOR PRTECw:VE STRUCrURUS

29(601)-2561: Armour Research Foundation
September 1960
U

The behavior of footings subjected to time-dependent forces has beon the
subject of continuing research. Ultimate bearing capacity under such loading
conditions and dynamic behavior beyond ultimate capacity are both of interest.
An attempt has been me in this investigation to relate laboratory eperitmnts
to theoretical studies.

Two- and three-dimnaslocal zpzertments were conducted on small footings

in the laborstory to observe their behavior and obtain quantitative information.
A device was developed for applying dynamic forces to small footings. 7his
relatively stiple device made possible application of loads having variw rise

times, decays, and duratioins. Forc*-time and displaement-time records wen
obtained in form suitable for analysis, and Pastax movie of footings failing
under dynamic loads ver also taken.

Behavior of footings subjected to Enmic losad was also studied aalyt-
ically. The possibility of applying plasticity theory or limit analysts vms
considered, and other loadings and various failure modes were investigated.

B-. -9
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SVC-Ti 60-39 AD-248 576
A• EX'3fl R BOIL 8018 LOACD DYNAMICALLY BY A SHOCK TUBE

December 1960
U

The Air Force 6-foot shock tube was used to pass air shocks across the
qpper surface of different soil samples having controlled properties. Gages
vere buried 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, first by investigating experimental
difficulties co to such tests. The apparatus and procedures are described,
and date from a few tests are presented. Compaction observed in somples is
described, 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
were reflected in various measurements.

SVc-TY-61-6 AD-253 880
A THEDFTCAL STUDY OF STRJUCUR-DMI rITZRACTIOE
29(601)-2838: Nationas Engineering Science Company
lovember 1960
U

This report presents results of an analytic study of the interaction of
a plame longitudinal stress wawv with 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 infinitei7 thin (cavity) but it
given finite dimensions (with the assumption of thin shell geometry), finite
density and elastic properties differing in general from those of the medium.
Both steady-etate and impulsive vaves are considered. For the steady-state
case, a general series solution is presented, for arbitrary properties of
imdium and shell. A procedunt 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 a cylindrical
cavity an approximation valid for a slowly varying wave is given explicity.
A method for calculating Fourier-Mallin inversion integrals is outlined and
should be of asslstance in obtaining numrical solutions to specific transient
problem by applying automtic cp uting techniques.

W'C-1161-T AD-253 057
BASIC IMIACTION CSIOREATICES-D-NAV• C CTIM CN•TRTiION8 AROWD SLIE
OPINING I
1tbrarY7 1961
U

Two recently published theoretieal studies discussing tvo-dimusional
interaction in an elastic mediun betvesen a plan stress wav and a circular
bole are compared to a classic static solution and a nowly publisbed experi-
amtW solution. These solutions were obtained independ•ntly end are in
exoellent agreemet, within their range of applicability. I? two theoretical
solutions predict eIncrease over static strees comeentrtio,. or approximately
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9 percent. The experimental study measured an average Increase of 11.4 percent.

aximum hoop stresses occur within 4 to 5 transit times and then approach

computed static values. Until more experimental and theoretical studies can
be applied to real materials, it should be possible to use these extremely
sisplified solutions as a first approx Imatioc when designing unlined cavities
in competent rock to withstand stress waves from a nuclear weapon detonation.

swc- i-61-1I4 AD-.•6 566
DESIG AND ANALYSIS OF FOOUNDATIONS FOR PROTECTIVE STRUCTURES
29(601)-2561: Armour Research Foundation
September 1960
U

The behavior of footings subjected to time-dependent 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 with theoretical results.

Two- and three-dimensional footings on Ottawa sand were loaded dynamically,
using the loading apparatus and instrumntation developed for this program.
The two-dimensional experiments permitted observation of footing behavior on
loose and dense sand, when subjected to vertical, iL.clin*d, and eccentric
dynamic loads. The thr-e-dimensional experiments provided force-tiLe and
displacement-time records of footing behavior on dense sand for vertical loads.

The experimental results shov the theories developed previously on this
program to be msatisfactory. They also indicate the direction to be taken
in future theoretical research.

swc-TY-61-16 A'-3461 953-
TIOT ATLAS BLAST VALVES
29(601)-Tgu: Armour Research Foundation
April 1961
U

This report pre-nets results of performance tests an the 16-inch and
42-inch VS-10TA-1 (Atlas) Silo aS3 t Closure Valves. The tests veo intended
to simulate actual conditions to whdai the closures wold be subjected dring
normal operation. The closures were subj&cted to air blst loading, prrlomgsd
cold and hot enviromts, mad repeated use (ecllg).

?he 16-inch closure* racted satisfactorily to all pertormcme tests
elcep the cold environments. They wer subjected to an air blext looding of
120 pere•ut of the anticipated mximm design blest load without failure. The
cloasue temperature as raised to 2000? and held for 72 hours; it operated
satisftctorily aftervard. ?be losres ere also repeatedly operated thbough
1,5W cycle$ vithout falling. During the cold enviromzm experimants. prsews

leeks in the closures' hydreallc system developed at appnroxim•e• y 00. T o.
pressure loeks reault from shrink*& of Tefloin seals.

he 42-iach closures failed e*vry test except the hot savirimnt tests.
The temperature of the 2-inch closures vwa raised to 30&F before wW failures
occurred. Press lesw In the hbdran©c system occurred wbon the closurve



Thua pq• intentio.ldy left blm~k.
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SWC-TR-56-46 AD-144 146
TRANSIENT DRAG AND ITS EFFECT ON STRUMTURES
33(616)-2285: Amerl.can Machine and Foundry Corpany
November 1956
C

This report presents results of a study of drag forces on typical
structurel sectiuns not found in the ".terature. The influence of section
parameters, principally corner radius, have also been examined, as have the
effect of interference obstacles and inclusion of the item in a structural
complex. The flow of gas in the so-called steady st;.e portion of shock tube
flow was Also examined to some extent.

Thebre. is basic information in this report for further test work necessary
to sclve the ideal vr&e transient drag loading problem. No definite conclu-
sions ave given; hovev.r, recommendations for future transient drag work are
included.

SWC-TR-56-4' AD-118 359
A NWLHOD FOR THE ANALIbIS OF FRAMES SUIVECrED TO IIEASTIC IEFORBNMOK INTO
TT'; RANGE OF STRAIN HARMING.
33(616)-17O: University or Illinois
Noveumr 1956
U

This r:nport t.esents a method for deteruining the static resistance of
frame stru euzs composed of elemets having individual resistance-deformation
characteristics of aW mcnotcnically increasing form that can be described
graphically. The method is useful in research and is tie only one available
for an&Vyting the static behavior of frms in tbe urain hardening range.

A simplified procedur for analy-ing in.ependent frames, using moment
distributiom with bilinear aproxiutiomi to the iint-end slope relation-
ships, is p,*.%ented in the -ppe-adix.

SVC-T?-56-J8 AD-.13 TOO
AIR 11AMT LOADI OR (3 TRKCTtUF
33(616)-226: stauMford , saro-b In-stitute
August 1956

The main objoctiw of th. Air Fores empirical blast stu pro•rx ws
to delop a techtiqua for predicting &arblt prvssure loading c tur~ts
exposed te natcea eaplosiens. ?his report discusses a series of tests
cu€ical mad qlindrieal moels subjected to sairlast leading from hi4W ewlo-
siwe airburst doe•tatioe.

fts are *aa&4ei to stuV repeaU&aility, effeozt of shock stU4mWt, m
efTfft of cylimler beight. esmilts am e apred with data from shock tube

C-i
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loading tests, and full-scale nuclear testR. They indicate that design of
satisfactory net force measuring devices (particularly for model studies) re-
quires better use of materials and transducers thau was previously possible.

SWC-TR-5T-l
TWO- AND THREE-DIMENSI0NAL SHriCK TUBE LOADING STUDIES ON MODELS OF OPERATtON
KNOTHOLE PROGRAM 3; VOLUME II, APPENDIX 2, COMPARISON OF FIELD AND SHOCK TUBE
RECORDS
33(616)-25)40" Armour Research Foundation
Volume I .. August 1953 -- S AD-360 105
Volume II - August 1956 - S AD-360 111

The objective of this program was to obtain a better correlation between
blast loading data ottained from Operation KNOTHOLE Program 3, and scaled shock
tube models of the test structures. The test ctructures were solid rectangular
parallelepipeds, horizontal cylinders, and vertical cylinders. Volume I coa-
pares pressure-t.me 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 II presents graphs comparing field test and shock tube records.

SWC-TR-57-9 AD-302 050
EFFECTS OF TOPOGRAPHr ON SHO•C WAVES IN AIR
33(616)-160: Broadvieu Research and Development
August 1956
C

This final report does not attempt a complete description of the 4 years
of research condutted under this contract., since it has already been published
in a series of Interim Reports (enumerated in appendix A of the final report).
Instead, the primary aims of this r-ort are (1) to briefly summarize im-
portant results, and (2) to suggest methods for employing them. The report
covers pressures up to about 30-psi peak incident pressure.

Experimental measurements were made :1 the vari.tion in shock over-
pressure near the earth's surface, due to the natural topography. Shock wave
overpressures from miniature high explosive charges were recorded as a function
of zime, using gages imbedded in three-dimensional topographic models.

A pzooedure for predicting effects of topography on shock waves In air is
presented.

C-2



SWC-TR-57-21 AD-lI4 532
SLOW AND RAPID LATERAL LOADING TESTS OF SIMP4LY SUPPORTED BEAUM AND BEAM-
COLUMNS
33(616)-170: University of Illinois
June 1957
U

The two major purposes of the program descL'ibed in this report were to
determie experimentallv te resistance of several beams and beaa-colums
to inelastic deformations as a ftnction of loading rate; and to correlate
theze resistances with static and Vynec properties of the materials used.

The results indicate that beyond the static elastic limit, resitance of
a mild steel beam or be&m-coluiw to rapidly appli'.d lateral displacement ex-
cecds that corresponding to the same lateral displaemant applied slcvly. Also,
the increase in resistance of a betan with increasing rate of lateral deformatimn
can be explaiDed, vithin rewonable limits not greatly exceeding experimeatal
error, by consideration of experimentally deternined dynamic properties of the
material used, which include delaeyed yielding and rate of general yielding for
mild steel.

SWC-TR-5T-22 AD-4I4 533
60-KIP CAPACITY SLOW OR RAPID LOADING APPARATUS
33(616)-iTG. University ;f Illinois
June 1957
U

To test structuret or structural components in the laboratory it was
aecesssr7 to desIgn and construct a machine to provide the required load and
stroke. Operating and loading characteristics of three such machines are
desc- bed in this report.

The 60-kip pulse loading machines described in this report have been used
saccessful2y to test both steel and reivforced concrete beams er. to apply
lateral loasdigs to steel columns. They have also been used to study boum-to-
colu=i connections and to study simple column base connections. In all tests
the specimen either collapsod or was deflected well into the strain hardening
range.

A load having any selecte:d value up to 6e.8 kips can be applied at a
controlled rate in either tension or comprission. The duration of the peak
load can be varied from as little as 0.008 second to many hours.

C-3

A



S• SKW-T0-57-2 3 AD-144 534STATIC AND DYNMIC T S OF STEEL FRAME STRUCTURES INTO THE INELASTIC RANGE OF

DDUATION33(616)-170. Univ ity of Illinois

M 195T

The experimental and analytical program conducted at the University ofIllinois under Contract AF 33(61!6)-170 is summarized in this final report. The
basic purose of the program was to obtain basic information concer~ing the
behavior of steel .tructural frames and elements, subjected to static and

SApnami loading resulting in extensive inelastic deformations. Each phase of
? ~tto project and maj or conclusions reached are describad briefly. Abstractsof each technical report produced are given in one appendix and a tabulated

summar7 of tests performed is presented in another.

The conclusions presented in the report are listed below:

1. Actual resistance of a mild steel structural element to an imposed
inelastic deformation increases with rate of dtformation and in also dependent
upon the duration of load.

2. In most specimens in which local inselastic buckling occurred, it was
less pronounced in rapid tests than in slv mones, indicating the effectiveness
ot beam sections is increased with rapidity 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 an externpl moment, except in the limited range of deformation
immediately following initial yielding.

1. The effect of shear on the soment capacity of an 6 WF 58 section
loaded laterally and slowly in the plane of the major axis was found to be
negligible, even for a beam having an equivalent cantilever spw. to depth ratio
as low as 2. However, in a region of constant shear but gradient moment, the
development of a general shear yielding condition in the web caused deflections

* considerably greater than those which resulted from concentrated yielding pri-
marily caused by moment.

5. In most of the structural elements and models tested, the initial
"elastic" region of the resistance-deflection relations-Lp had a slope less
than that derived using elementary theory and asnuming ideal support conditions.

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

7. For research studies requiring good accuracy, an equivalent resistance-
deflection function for relatively simple structures subjected to rapid



deformation can be determined in a manner similar to that mentioned above,
using dynamic material properties. The equivalent resistance is computed using
instantaneous material stresses at critical sections, which are compatible
with strains, strain rates, and times involved. The total resistance (which
does not include inertia forces) is actually a function of time as well an
displacement, and therefore is strictly valid only for the particular case con-
sidered, or for others with a very similar loading function and structural
configuration.

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 or strain rate within one or two orders
of mgnitude, suitable accuracy can be obtained in most practical problems
(where the drnamic loading function is seldom known with great accuracy) simply
by increasing the static inelastic resistance of the structure in accordance
with the estimated strain rates at critical locations in the structure.

9. Methods were- developed for analyzing indeterminate frame structures
deformed inelastically. In these procedures the resisting moments throuugout
the structure, corresponcing to a compatible defiection configuration, are de-
termired. These methods are illustrated by solution of "static" problems.
However, with slight change they could be used in a step-by-etep solution of
problems involving structural response under rapid loading, particularly if a
high-speed digital computer vere available.

10. The analytical procedures developed under this piogram were intended
for use in research applicationa. However, they should be useful in planning
test programs, evaluating experimental results, and also determining the
relative accuracy of simpler methods more suitable for desigX and routine
analysis.

SWC-TR-57-29 AD-14i 535
BLAST SHIELDING IN COMPLEXES
33(616)-3TT8: Broadview Research Corporation
August 1958
U

This report presents results of an experimental investigation of the
shielding effects of city complexes cn blast loading of stractures both within
the complex and in the rigion surrounding the complex.

Small scale models of ideallzed city building complexes were exposed to
small high explosive charges (simulating weapons of about 140-W. yield) to
measure building loading and shock wave rharacteriatics at various points in
and around the models.

For the test conditions investigated, it was found that sbieldina effects
of the city complex were limited to the complex and a small adjacent area. At
relatively small distances behind the complex the shock waves showed virtullu
complete recovery. Within the complex, however, sigkificant changee in lo-ding
were measured when the spacing between structures vas comparable to or loes than
the struCture height.
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This study was undertaken because city complexes are considered prime
targets of both friend]) and enezr 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.

SVC-T'-57-32 AD-,157 167
PROCEDURES AND SPECIFICATIOKS FOR EXPERIMENTAL DrEWTMINATION OF LOAD-
IEFLCTION CWACT."STICS OF FULL-SCALE BUIWDNGS
29(601)-U7: University of Michigan
April 1958

U

During construction of a new highway or building, it is sometimes necessary
to destrcO existing buildings. With cooperation of proper authorities these
buildings ma be made available for full-scale static and dynamic testing. In
the event structures and funds do become avrilable, it is desirable that a
general guide for planning and executing the tests be available, in the form of
specifications 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 construction, either single-story industrial structures or
3-5 story c€mercial structures. The report includes specifications covering
selection, inspection, and modification of the test structures; discussions of
vibration, shock, pu.Udown, and story shear tests; and descriptions ot loading
methods, instrumentation, and recording. Estimated costs for various major
test equipment items, for both static and dynamic tests, are tabulated in an
qoyndix.

6VC-TR-7T-h5 AD-46;2 212
TIM R'SEZ OF TVI BUILDINGS TO BLAST WADS
29(601)-A67: University of Michigan
MWy 1958

This report discusses the development of relatively simple analytical
techniques for predicting whether multi-story buildings can withstand blast
loads. The scope was confined to steel-frame buildings, and the compnent of
load due to vertical blast pressure was ignored.

In developing the procedures, properties of the structure and the blast
load ane appraina•ted mathematically. Determining structural response then
involves integrating a system of nonlinear diff4rential equations, using a
hi~h-spwe4 digital comuter. To further simplify' the proceobare, an equivalent
sing2le-degree-of-freedim syste is prupo"d, which is derived from properties
of the structure and has a response comparable to that of the multi-4sgree-of-
freeoam system Integrating the equation of mation for this equivalent system
Is a simple numerical integration problem which can be solved rapidly with a

V desk calculator.
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To correlate the multi-degree-of-freedom and single-degree-of-freedc.
approaches, a series of buildings representative of modern office buildings
is analyzed as both multi-desree and single-degree-of-freedom system. The
results of these analyses are presented in chart form, relating parameters of
blast overpressure, weapon yield, building height, and initial impnlse.

SWC-TR-58-5 AD-14i 531
AN INVESTIGATICO OF RIVETED AND BOLTED COLUMN-BASE AND BEAM-TO-COLUNK
CONNECTIONS UNDER SLOW AND RAPID LOADING
33(616)-3780: University of Illinois
February 1958
U

This report contains a description of slow and rapid load tests of riveted
and bolted coluz-base and beam-to-colum connections, and the test results.
Measurements of load, deflection, strain, and acceleration were taken to evalu-
ate the resistance characteristics of the connections.

The small nmber of specimens and variety of connection types limited the
scope of the investigation. The tests clearly indicated that rate of deforma-
tion had an effect on connection resistance, because rapidly deformed specimens
had a greater resistance at a given deflection than those tested slowly. In
these tests the type of fastener, whether rivet or high strength bolt, had
little effect an the moment-rotation characteristics of the connections studied.
This limited pilot study served only to indicate the general form of the re-
sistance function which could be expected for connections of thtf type tested.

Also presented is a procedure for evaluating the resistance of a frae
having semi-rigid connections, as it deform into the inelastic range. The
method of analysis ccnsiders the resistance characteristics oi the connection,
as well as of the members. The method is of particular uso in research, since
strain hardening is included.

SWC-TR-58-2 3 AD-358 739
FEASIBILITY STUDY OF AN ABOVE-GlOWD HARED HANGAR
In-house
June 1958

An initial concept for a practical and economical protective aircraft
shelter is presented. The hangar cost is only a fraction of the cost of the
aircraft which it shields. Further engineering research is necessary before
final dasign can be undertaken.
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SVC-TR-58-28 AD-3o4 625
PROTECTIVE ARCH STRUCTURES
29(601)-46T: University of Michigan
)Mrch 19588

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

8VC-TR-58-48 AD-460 787
MICE AND DZK.LO fT OF A nMT FORCE SENSOR

29(601)-431: Atlantic Research Corporation
October 1958
U

The objective of this study was to design and construct a prototype device
to nasure the asero4ynamic forces on a model structure installed through the
floor pl&Ze of the Air Force 7-inch-diameter shock tube at Gary, Indiana. Design
concepts and developent status of the device are described in the report.

The study revealed no fundamental technical reasons for abandoning the
desip approach described in the report, although siguificant cdditional de-
velopsent vas needed to produce a device having all the desired characteristics.
In particular, saw ans was required to increase transducer load capacity, and
a closer impedance match between nodel and support was needed.

BWC-TR-58,,.9 AD.-358 761
DOMB AN ACCESS OPENINGS TO PRO=LTIVI STRUCTURE

29(601)-.-7: Unbiersity of Michigan
October 1958
C

Preliminary investigations of door-systes requirements for dome, arch,
silo-t"pe, and rectangular protective structures for aircraft are described.
Structural analy.siasdesiea, door removal system, door accnomy, and continuity
tonoections betveen the main structure and door are considered. Each of these
Item Is only touched upon and much work still remains before definite conclu-
sioas can be reached. Proposed future work on the above-mentioned iyem is
out 101C
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SWC-TR-5942 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 accoLodating one or more long-span aircraft,
for overpressure levels up to 100 psi. Detailed investigations of dome and
arch structures are presented. Blast pressures, thermal and ionizing radiation
effects, and relative econowf of construction were considered.

Conclusions reached provide guidance in the selection of a structural
configuratioa to protect a specific weapon system at a given pressure level.
A summary of the preliminary results of ftl-scale field tests of domes can-
ducted in Operation PWNBBOB is included.

SWC-TR-59-3
CROGS-REIRECED LISTING OF EXPERINDTAL DATA Of THE BLAST WADING OF
STRUCTUJRES
33(616)-2534: Armour Research Foundation
NMa 1958
C
Volum I AD-329 6n1
Volume II AD-329 6W
Volume III AD-329 683
Volume IV AD 329 683

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

Data have been abstracted and filed. For each ca&e treated, values of
critical parameters in the following groups are given: (1) blast parameters,
(2) model parameters, (3) scale sise, (4) instrumentation, (5) test results,
(6) pgnciae involved, and (7) publications available. Bach case treated is
assigned a case number and filed according to the program from which it was
derived. In addition, each case has been assigned address. ?be address is
Scode consiating of letters and unuers and is defined in term of the model
shape and orientation, location of the instruientation, blast wave pareters
such as the wave pe1kefoess, shock strength, and reflection type (Mach, regular,
ate.); and type of test (nuclear, high *mplobive, and shock tube).

Us* bibliography consists of two main portions, (1) Tert, and (2) Catalog.
The Catalog is subdivided into three parts, neamly: Part 1, Address File; Part
2, Data Sheets; and Part 3, Notes and References. The 5Mxt and Parts 1 and 3 of
the Catalog is presented in Volume U, III, and IY, which contain Data Sheets
for nuclear, high explosive, and shock tube tests respectively.

Utilising this systea of addresse together with the data sheets, one
can determine the existence esd whereabouts of certain data, kAowUgW only the
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r•g in the type of variables described above. Furthermore, specific features
of the blast wave, mdiel, and instrumentaticn used can be determined directly
ftom the data shoets.

WC-!f--59-9
ANALYSIS AND =I1I0 OF DOS, ARCH AND MIz
Volmo I - ELAMIC ANALYSIS OF SPHEBICAL DOSeS AD-210 924
Volm II - AULIS OF CIRCULAR ARCHES AD-
29(601)-464: m'rsity of Illinois
July 1959
U

Part 1 of Volue I presents a nuerical procedure for comuting the
namic response of a spherical shell subjected to transient uniform pressure.

this procedure emplos a discrete mechanism which replaces the continuous shell,
having both bending and membrane resistance and large deformation effects. A
numerical procedure Is developed for obtaining the dynamic response of the
mechanism, and a code progrsmad vhich perform the analysis on a digital coa-
putor. The progrea flow diagram is presented in a form enabling an experienced
pgmmr to convert the code to any type of comuting facility. Using the
couter program, the effects of variation of certain parameters vere investi-
gated. Significant results and conclusions are presented. Those conclusions
which cm be stated in a general farm are listed below.

1. Ma uu axial end bending stresses are linear functions of the ratio
of radivu to thikness.

2. Mwdmm displacements and stresses are also linear functions of the
ratio of radlus to the square of the thickness, before the first maximm; after
that tim, however, apparent nonlinearity develops.

3. Increasing the semi-angle of opening fTro 300 to t•5 causes no
signifleant effect.

•. Stresase and deflections increase with decreasing ratio of shell
period to pulse duration.

ftar. 2 of Volme I discusses the analysis of a discrete framevork approxi-
motion to a mebrane spherical shell. Equivalent bar areas are derived on
the basis of equivalent stiffness under identical loading. The natural

mOk a of the frameVort ae found, and the response of the fraework to triangular
blast loadir • s obtaired by linear superposition of norml modes. Time histor-
ies ef displacements are converted to time histories of baa forces, which are
thn combined to yield stresses in the equivalent shell. A short digital com-
puter prorpsm w6s written to combine modes end compute shell stresses.

Part 3 of Vol I presents a mathematically exact analysis of the free
vibration of an elastic mambreae spherical d of arbitrary rudius, material,
and total opening angle. toressions involving trigonmetric and Legandre
functions are derived for displaements and stresses during vibration. A table
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of natural frequencies of vibration for various values of shell opening angle
is given. Displacement vectors for the first five modes of symnetrical vi-bration of a hemispherical dom also are tabulated.

Volume II discusses the analysis of arch structmues under dynamic lob s.
A numerical procedure is described for coputing the dynamic response of
circular arches subjected to transient forces for both the elastic range and
the range approaching failure. The problem is analyzed approximately by re-
placing the continuous arch with a framework consisting of rigid bars and flexi-
ble Joints.

The scope of this investigation is described briefly in Chapter 1.
Characteristics of the substitute framework are described in Chspter 2. In
Chapter 3 equation necessary for dqnamic response calculations are derived,
and an outline is given of the procedure for their solution. Chapter
presents results of studies on coputing naeural frequencies and buckling loadsof uniform circular arches. Pertinent equations are formulated, and numerical
solutions obtained for arches vith fixed dimensions, by considering different
numbers of bars in the analogous fnsnevork. These solutions are determined to

estimate the accuracy of the substitute framvork. Included in Chapter 5 for
convenience, is a sumary of existing formulae for approximate calculation of
natural frequencies and buckling loads of umiform, circular arches vith hinged
or fixed eads.

* SWC-TR-59-10 ~ ~ ~ ~ AD-331 396
CMJ A MMT~OD OF AMiPLIFICATIOMI OF W DMJAJKC STmIFZXGW OFSRUCUC

18(60)-1638: Paul Veidlin~er, Consulting Engineer
October 1958
S

This report presents a dynamic device capable of significantly increasing
the dynamic strength of structures subjected to very high Intensity uuclear
blasts. Strength amplificatioc is obtained by providing a large movable mass
over the structure to be protected. Under blet loading the was dascenms and
exerts a pressuie of predetermined duration and intensity on the str-ucture.
This pressure is significantly less than the intensity of the peak blast
pressure. The notion of the protecting no* is retarded by forces provided by
the blast preasure itself.

Analytical methods are presented oerning the mchanical and tberso-
dynamic response of the device. Various aplIcations to abelters are shown and
a nimerical exaqbe of the design of a particular shelter is presented.
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SVC-0-59-j1o
MUIFACE 1ncTs 0N BLAST OADI G
33(616)-3218: Arour Besearch Fbovnation
M 1958

Volume i D-323560
eium in AD-323 610

Ihis report describes the propegation of a blast wave from a nuclear
ezWloaim and the preswurae occurring over ideal and real reflecting surfaces.
In separate sections, the following subjects are discussed: propagation of a
blast ve in free air, thermal radiation of an atomic weapon, reflection
process of a blast wave from an ideal surface, influence of mechanical effects
an reflection of a blast wave, and effects of ataospheric inhoangeneities on
shock waw propagation. The results are sumarized in a chapter vhere scheems
for describing blast waves reflected over real surfaces are presented. A
number of specific concluions are also presented.

The IBM Problem N solution for the free air pressure curve accurately
represents the bydro#namic variables at the shock front. The solution can be
used as a stadard against vhich test data are coare4.

Th thermal riAiation output of a nuclear weapon is investigated. NaWy
characteristics of the the rml output can be explained theoretically, and it
is possible to emaider scalin laws for thermal radiation. Thermal radiation
does not scale in a simle mnner, and variations in thermal pulse shape are
to be expected with variations in bomb yield.

The reflection of an air blast vave process from an ideal surface is
considered. Height-of-burst curves are extended to kiigber overpressure
region and larger values of grotmd range. The refle--ted vav forms obtained
in reionls of clean hock propagation are found to have an eipoiential character,
as do free air cur"es. The reflection process causes the wave to have severml
piece-vtse exponential s&*Smts, each with different deca cor ints. An
experimatal device was developed to measue Mah steam growth, and results were
in ageement with field teat rsnureta.

hight-of-burat curves have been determined for varying samunts of dust
loading present in the air. Mchanical effects are not mach different from
present predictions, even wham extreml7y bist vAlues of dust loading are 4a-

Propagation of blast waves in the preence of thermal and mehanlcal
effects have bees investigated. Theoretical predictions of tbernal shock gere
rov •ly with masured vales. ibf]Acted pressures in the sain bleat wave agree
with 1idal surface conditions, when mechanical effects which tend to attenuate
the peaks ame soth*d from the record, except for one region in the precursor
propagation. Tber• mnchanical effects duminate the pressures. A beavy bou4nar
lqer is bellewed to obscure the mani•g of mauramt taken near the ground
surface.

C-12



Variations in atmospheric density cm cause appreciable variations iu
pressare for a blast wave in free air. A theoretical method has been used to
comute these inhomogeneous effects, and gives results which ag --- with experi-
mental data.

A method for predicting wave form to be expected over real surfaces is
suumarized. Althouag;i it suffers from many inaccuracies, the method does present
a reasonably coherent technique. Refinement of the technique .qW ultiwtely
lead to a realistic method for p:.edicting blast waves ii many different situations.

SWC-TR-59-18" AD-462 213
AN IM._STIGATION OF THE BFHAVIOR OF DEEP MEIGERS OF REDINYRCED CONCRETE
AND STEEL
29(601)-4uc. University of Illinois
Febraaz7 1960
U

The purpose of this investigation was to obtain information cu the strength
snd behavior of deep berm of reinforced concrete and steel, subjectet to ulowly
and rapidly applied loading, ana to de'elop means for predicting their behaviur.

The report contains the following:

(1) A thorough survey of the literature pertaining to the behavior of deep
beana subjected to static and dynamic loads; (2) results of static tests of 23
si•ply-supported, deep, reinforced concrete beam, 14 under umiform loading and
9 with a single concentrated load at midspan; (3) r.-sults of dynamic tests = 2
siaply-supported, deep, reinforced concrete beams; and (4) results of cue test
of a deep, steel beam of I-shope cross section subjected to slowly applied
uniforu loading. zperLmental results are cpAmred with theory.

SWC-TR-59-24 AD-315 61
BLAST SKI=WIIG IN COTI'EZ], PART II, W..¶V WIAPOS
29(61)-1i9: Broadview hesarch corporatima
July 1959
C

This report presents resul'% of the second paft of an experismatal
inwvstigation of the shielding efftcts of city cJaplams on blast loading of
structures both within the cromplex and in the region surro7mdIA the coex.
This stuo extends the previas vwork, in vhich kiloton weapons were simulated,
te include the effects of megaton wqpons.

The approach used was to egoee small'scale imdel city buIlding campleas
to small higa-explosiw charps mad to meaurv bd 4 dn4g loading and abock wav
characteristics at various positions in and aroma th. model.

Shielding effects of the city cplex in the region behind the xomplax

were found to ex. to greater ciataeces for negaton weapons then for kiloton
wepns. Within the city ccex sigaificant ck•u, in loadi take plooe
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when the spacing between structures is comparable to or less than the str':cture
heigbt. A limited series of tests indicated that Chese loading changes arn,
due to a relatively small number of structures surrounding the particular
structure, rather than to the city complex as a whole. Alchough no full-scale
resulta ar. available for comparison, it is felt that these sPcaed test results
can oe directly applied to real city complexes.

SWC-TR-59- 1 7 AD-W08 467
GROUND SHOCK ISOLTION OF BURIED STRUCTUFZ-
29(601)-1134: Armour Research Foundation
Auguzt 19590

This report discusses the problem of alleviating the damaging effects of
nlast-induced ground shock on underground structures of the type presently con-
templated for hardened missile sites. This first year's effort has been
directed primarily toward design and Implementat5on of an experimental program
utilizing small silo-like structures and several types of shock-isolation de-
vices.

The test struwtures (rigid aluminum cylinder, 2 inches in diameter and 8
inches long) were placed in a bed of uniform Ottawa sand; the ground disturbance
• created by means of a small (0.02-1b) HE charge. Acceleration measurements
were obtained at three points within the cyl;.:.ers. The isolation devicee con-
sisted of (1) a wrapping of low-density (2-pcf) flexible polyurethane foam, (2)
a simulated pile foundation for the cylinder with an air void between the
cylinder and the sand, and (3) a v.*mulated pile foundation for the cylinder
with pre-expanded polystyrene beads between the cylinder and the sand.

The experimental technique was developed to the point where a satisfactory
lt-el of shot-to-shot reproducibility of effects was attained. Of the isolation
devices tested, the polyurethane foam material proved to be the most effective,
reducing peak accelerations (of the unisolated cylinder) by a factor of from
5 to 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
cylinders are discussed.

oWC-TH-59-48 AD-239 64o
BLAST EFFECTS ON TUNNEL IONFIGURATIONS
29(601)-796: Armour Reoer.ch Foundation
October 1959
U

Pressure measurements were made in tunnel-type models at the Air Force
Shock Laboratory at Gary, Indiana. Tunnel overpressures were measured as a
function of both geo,etric and free-stream blast wave parameters.

The tunnels were oriented so that their major axes subtended angles of 0,
45, and 90 degrees with the direction of free-stream blast flow. The tunnels
were loaded by free-stream shock strengths in the range of 3 to 15. Pressure-
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tie records (overpressure as a function of time) were ,-btained at various
positions within the tuanins. The effect of surface roughness on pressure
attenuation was investigated utilizing a range of surface roughness factors
from 0 to 7 percent. Geometric variations in the tunnel complex included ex-
pension chamber configurations, short 90 degree bends, and entrance restrictions.

Within one and one-half diameters from the tunnel's entrance, the peak
overpressure was of the order of 30 to 50 percent of the free-stream over-
pressuLre, for 90-degree tunnel orientations. For t=_.cl orientations of zero
degrees, the peak overpressure just inside the tunnel's entrance is greater
than the initial free-stream overpressure, but conxiderably 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-stream shock strength. Attenuation of pressures
farther down the tunnels was a function of distance from the entrance, tunnel
orientation, and tunnel geometric complex. Attenuation of pressure in small
wall tunnels scaled according to the standard pressure-time scaling laws for
the blast wave parameters tested. However, when vall roughness was introduced,
pressure and time did not scale, especially for large diameter tunnels. In
effect, the influence of wall roughness on attenuation becmea less pronounced
as the absolute tunnel diameter increased.

SWC-TR-59-49 AD-318 32ý
ANALYTICAL STUDIES, INVZESTIGATIONS, AND PRELIMINARY DESIGN OF DOOR AND
FOUNDATION SEALS FOR PROTECTIV3 STRUCTURES
29(601)-1166: Sandberg-Serrell Corporation
May 1959
C

The purpose of this project was to study problem connected with sealing
protective structures against blast pressures, nuclear and thermal radiation,
and ground water leakage. 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 effects 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
foimdation configurations.
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SWC-TR-59-56 AD-234 697MMCW• AND AKALYSIS OF FOUNDATIONS FOR PROTECTIVE STRUCTURES
t'. .,601)261: Armou Research Foundation
October 1959
C

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

The standard theoretical approaches describing soil failure. under founds-
tio•s are reviewed with respect to time-dependent loading. Equations are
developed for failure of soil under spread footings, taking into account inertial
effects, pressures on the surface, and time-dependent forces. A method of solu-
tion for time-dependent loading on pile foundations is also developed. All the
tbeoretical work emplory standard soil parameters, the assumption being that
means for selecting the appropriate values for these parameters will be provided
by other current or future research.

The experimental work in of tuo types: (1) static loading of footings to
obtain data not normally reported but vital for considering dynamic behavior
and (2) limited dynamic loading of footings. The static loading tests supply
full information on the load-displacement curves for given footings, establish
the propertieo of the Ottawa sand used in the experimental work, and provide
visual descriptions of footing behavior. The dynamic loading tests, in which
the loading was achieved by dropping a knovn weight from a controlled height,
supply abundant qualitative but caly limited quantitative information. In par-
ticular, the observations of dynamic failure as contrasted with the observations
of static failure lead to serious questions regarding the assumption that the
mode of failure under static loading is descriptive of behavior under rapidly
applied (dynamic) loading.

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

SWC-TR-59-57 AD-315 882
INVMTIGATIOK OF SILO LININGS
29(601)-1168: Armour Research Foundation
September 1959
C

Soe aspects of the problem of determining the response of vertical
underground silo linings to blast-induced loads are considered. Theme Include
the response of circular cross sections to radial pressure, effects of dif-
ferential horizontal displacement, and analysis of the steady state motion of a
rigid cylinder in an infinite elastic medium in the presence of a continuous
plane wave.

The results show that increasing the wall thickness will decrease radial
displacements of the lining but may not reduce the elastic bending stresses.
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The investigation of effects of differential horizontal displacement shows
that circular cross sections remain circular during deformation and that large
longitudinal bending stresses result from relatively small differential dis-
placements.

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

SWC-TR-59-58 AD-231 442
A DOOR DESIGN FOR TUNNEL CLOSURE
29(601)-167: -University of Michigan
'4October 1959i U

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

,WC-TR-59-7O AD- 460 852
AIR FORCE DESIGN MANUAL: DESIGN OF PROTECTIVE STRUCTURES TO RESIST
THE BLAST EFFECTS OF NUCLEAR WEAPONS (Superseded by AFSWC-TDR-62-138)
29(601)-3162: University of Illinois
December 1959
C

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

Starting vith general considerations of site selection and structural'
function, various phases of design are considered: free-field phenomena in
air and ground, material properties, failure criteria, architectural and
mechwaical features, radiation effects, surface openings, conversion of free
field phenomena to loads on structures, and design and proportioning of
structural elements and structures.

The appendixes include treatment of dynamic theory of structures,
discussion of a solution for attenuation of stress in earth caused oy three-
dimensional dispersion, and illustrative design problems.
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8WC-TR-59-T1 AD-347 44TL
GO0ED NOTC5 PMODUCED BY ABOVEGROIND JZICLEAR EXPWSIONS
29(601)-542: Stanford, Research Institute
April 1959
8-RD

This report summarisea free-field ground motion observations made on
aboveground nuclear and applicable HE detonations. Prediction methods are
presented for estimating variation of maximum values of ground motion parem-
etere vith weapon yield and ground range.

The question of scaling cannot be resolved solely by experimental data,
and for veapons detonated in Nevada the scatter of data are sufficient to
mask the relationships betveen ground motion and known soil property variation.
Geoloa of Raiwatok Proving Ground is grossly dif.Rerent from that of Nevada,
and hence the ground motion at the same overpressure is within an entirely dif-
ferent theoretical and experimental regime than in Nevada. This makes
correlation of these ground motion data vith soil properties tenuous.

However, theoretical analysis of viscoelastic media and correlation of
maximum values of surface particle velocity, strain, and displacement data
with elastic theory Ruggest that transient nuclear ground motion data (with
the exception of acceleration) can be treated on the basis of a "nearly elastic"
medium in overpressure regims less than approximately 500 psi. A neearly elastic
medium Is one in which elastic parameters play a major role, while viscous and
plastic parameters play minor roles. In contrast, ground motion produced by HR
detonations of less than 2,560 pounds (the largest HE ground motion experiment)
is strongly influenced by dissipative phenomena, arA data suggest tvo-
dimensional phenomena. Until a more complete theoretical description of the
phenosens is available, these data do not provide quantitative extrapolations
to nuclear detonations,

Ground motion data have been analysed for 1i United States nuclear experi-
ments at Nevada Test Site, 8 United States experiments at Enivetok Proving
Ground, and 3 United Kingdom experiments at Marauinga, Australia. Correlations
are presented for horizontal and vertical acceleration and' particle velocity
-Rar the ground surface and for the attenuation of acceleration and particle
velocity with depth in the superseismic and oatrunning regions. For the
superseismic region the vertical surface diaplacement, stress, and strain are
given. Rules of thumb are presented for the attenuation with depth of horizontal
velocity and displacement.

SWC-TR-59-T2
BEHAVIOR ARD DESIGN OF DEEP STRUCTURAL IUMBES (T Volumes)
29(6oil-468: University of Illinois
April 1961
U

The purpose of this investigation was to obtain information on the strength
and behavior of deep beams and slabs of either reinforced concrete or steel
under static and hbih-enroa impulsive loadings, and to develop mea"s for pre-
dicting this behavior.
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PART 1. BEHAVIOR AND DESIGN OF DEEP STRUCTURAL MEMBERS AD-262 10T

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. TESS OF REINFORCED CONCRETE DEEP BEANS WITH WEB AND
COMPRESSION REINFORCEMENT AD-244 739

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 web 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 1eneral behavior of test specimans
is described and explanations of observed phenomena are given.

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

Tests of eleven reinforced concrete deep beams subjected to slowly
applied, uniform loading are 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-2T7 468

Tests of simply supported reinforced concrete deep beams subjected to
rapidly applied loads are described in Part 4. Five beams vere. tested under a
triangular-shaped pulse and three beam under a flat-top pulse of "infinite
duration." Five beaos were tested statically to serve as control beams for
beams 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 behavior are presented.

PART 5. RESISTANCE AND BEHAVIOR OF REINFORCED CONCRLTE BEAMS OF
NORMAL PROPORTIONS UNDER RAPID LOADING AD-24O 854

The object of this investigation was to obtain information on the strength
and behavior of reinforced concrete beam subjected to rapid loading. To thia
end, 33 beams of various strengths, 6 by 12 inches in cross section and 9 feet
or 12 feet 8 inches in span, were tested under static and dynamic loads. Tlvee
percentages of tension reinforcement were employed, using iuteisediate grade steel.
Some beam also had compression and/or shear reinforcement. Concrete strength,
beam width and depth, and yield strength of reinforcement were essentially con-
stant.

Eiht of the two-point loaded beam were tested statically, requiring
from about 2 to 6 minutes each to reach collapse deflection. In the dynamic
tests of 25 other beams, loads were applied in from 0.1 to 0.8 times the natural
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period of vibration of the beam. Some dynamic loads were of "infinite"
duration, while others were terminated at from one-half to three times the
beas period. Load levels varied from less than static yield capacity to more
than dynamic ultimate capacity.

Analysis of test results consisted of determining dynamic resistance
characteristics of test beam. 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
arbitrary resistance function for the beam. 7'4. resistance function was then
changed until its response matched the response measuzed in the test. Dynamic
resistance functions were also determined using measured strain rates, together
with available results of dynamic tests of coupons of reinforcing bars. Re-
sistance functions determined with the analog computer are compared with
computed functions and static load-deflection characteristics. An analytical
procedure for determining dynamic resistance of reinforced concrete beamn is
proposed, using deflection rate of yield.

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

PART 6. THE YIELD STRENGTH OF INmmwmIATE GRADE REINFORCING
BR UNDER RAPID WADING AD-2 0 855

The object of this investigation was to determine the influtnce 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. 7, and No. 9 bars were tested at room temperature under uniaxial tension.
The static yield strengths ranged between 40,500 psi and 48,900 psi. Dynamic
yield strength varied from 102 to 1.49 percent of static yield strength and was
related to strain rate during yielding. Load and strain data for each bar
tested are pre3ented in graphical and tabular form.

PART 7. PLASTIC BEHAVIOR OF DEEP STEEL BEAM INCLUDING
SHEAR EFFECT AD-262 108

The static resistance-deformation r\lationship of steel I or WF beams
subjected to a uniform loading resulting in inelastic shear and flexural
deformations Is investigated. Essentially, three specimens from as-rolled 8 WF
35 beam were tested; the flanges were milled to obtain desired variations in
resistance. Plastic shear deformations occurred in all specimens. One
specimen deformed primarily in flexure; another specimen deformed from a
combinat"L. of shear and flexure. Material properties in both tension and
torsion ivre determined from coupon data. Comparing the experimental results
from specimen tests and torsional properties of the material, it is determined
that a coiauiderable portion of shear resistance is derived from the flanges.
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I
A shear-moment interaction 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, although reasonably accurate shear deformations can be computed for
specimens of this investigation from a single shear-shear strain relationship
which approximates the shear-shear strain relationship for no moment.

swc-TR-6o-1 AD-318 866
DOORS AND ACCESS OPENINGS TO PROTECTIVE STRUCTURES29(601)-467: University of Michigan
March 1960

i C

The general objective of this study was to develop analytical methods

which can ultimately be applied to design of access openings to pzrtective
structures. Doors for dome, arch, rectangular, and silo-type structures are
considered from an intuitive point of view. Because 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 investigation.
A method for analyzing dynamic elasto-plastic response of the frame is presented.

SWC-TR-60-3 AD-462 209
CONCEPTS OF PRELIMINARY DESIGN OF STRUCTURE PROJECTS FOR
UNDERGROUND NUCLEAR DETOIATIUIS; APPENDIX A -- FREE FIELD
PREDICTIONS; APPENDIX B - INTERACTION OF BURIED STRUCTURES
WITH GROUND SHOCK
29(601)-1169: Armour Research Foundation
January 1960
Basic Report -- S
Appendix A -- S AD-462 210
Appendix B- S

The basic report describes a utructure test program for a contained
underground nuclear detonation, designed to obtain data wich did not exist
at that time and which would give designers odditional guidance needed in
planning protection in relatively high pressure fields. Four individual tests
are proposed, all at the same free-field stress conditionj each desigmed to
answer at least one specific question regarding interaction of a buried structure

with a ground shock wave. A cost estimate is also given.

Appendix A describes a method for estimating earth aotion&, stresses,
strains, eS c., resulting from a contained umdergound nuclear detonation.
This appendix also attemqts to delineate factors which are influential in con-
trolling shock or stress waves which propagate outward from the epicenter. It
also gives estimates of earth notions in the white and reddish tuffs found at
the Nevada Test Site, for an approximate ranae of stress levels from iOO to
2,000 psi. In addition, a factor is given permitting crude estimates of earth
motion to be made in other soil or rock.
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Appendix B presents a theory for estimating forces acting on a buried
structure subjected to a ground shock wave. This work is intended to be
applicable primarily for the type of rock found at the Nevada Test Site, such

ws vhite or reddish tuff.

A discussion of free-field variables is given, together with an idealiza-
tion of the strues wave form 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
two parts. One, the wave 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 wave force term is a function of rela-
tive displacement between the structure surface and its corresponding soil
position. The response of the buried structure is given for a range of ground
shock wave parameters, structure configurations, and structure parameters,
and includes acme analysis of shock isolation system.

SwC-TR-60-i AD- 237 255
REEARCH STUDIES OF STRESS WAVES IN EARTH AND MODEL EARTH MEDIA
29(601)-li6T: Armour Research Foundation
October 1959
U

A solution to the problem of stress 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 was 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•• .5
times the maximum compressive stress. The study also indicates that the maxi-
amu 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 biaxial stress conditions. The maximum tencile stresses
on the hole boundary were always found to be smaller than predicted values.
No solution was known to have been published in the technical literature for an
impact-produced time dependent stress distribution around a discontinuity.

A laboratory program was conducted to study the performance o: small
diaphragm and barium titanate pressure gages. Barium titanate gages embedded
in cylinders of clay and of urethane rubber were subjected to dynamic loadings,
vhile diaphragm gaps, embedded in urethane rubber cylinders, were subjected
to static and dynamic loadings. The embedded barium titanate gage response
was in all instances approximately 40 percent greater than the response for an
equivalent air shock loading. The embedded diaphragm gage response to dynamic
loadings was approximately 80 percent higher than the response for an equiva-
lent static air pressure loading and about 30 percent higher than the static
response of the embedded gage. The percent increase in response depends upon
gage type and material properties of the medium in which it is embedded. It
ves also established in the program that embedded 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 whose 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 a wafer-thin sensing element which has
the same response to static and dynamic loadings when embedded is discussed.

An attempt was made to obtain the stress distribution on the boundary of
an embedded rigid obstruction in a large plate during passage oi' compressive
stress waves. A combined photoelasticity and grid analyis was used. The re-
sults of the program indicate that maximum shearing stresses can be obtained
from photoelast 4 city data with sufficient degree of accuracy. Hovever, in
order to separate principal stresses ano 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 APSWC-TDR-62-6)
29(601)-ll7l: 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. Required ana-
lytical studies vere made where needed, to supplement presently avilable data.
Design methods and procedures for simplified application of limited available
knowledge were developed to the extent that they are suitable for rse 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-2T8 170
THEORETICAL STUDY OF GROUND MorION PRODUCED BY NUCIJA BLASM
29(601)-1190: American Machine and Foundry Company
October 1959
U

This study is part of a program aimed at analytically dete*rining free-
field ground motions of soils in response to overpressure loadings caused by
nuclear weapons. 7he analysis will ultimttely provide designers of under-
ground protective structures with necessary quantitative information on ground
notions and pressures as a function of soil properties and weapon yield.
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A fair idea of the behavior of soil wV be gained from knovledge of less
complicated media. It is, therefore, natural that the first need is a thorough
tunderstanding of elastic phenomena. Then extensions into visco-elastic
phenomena ma be made.

As a first approximation to the actual problem, two-dimensional motion of
an elastic half-plane under an exponentially decaying normal load traveling
at constant velocity along the boundary is determined analytically and results
presented grphically. Analytic expressions in integral form are then obtained
for three-dimensional aui-symetric motion of an initially quiescent homo-
geneous isotropic elastic half-space under an arbitrary axi-syietric 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 Lxi-
symtric motion of a homogeneous isotropic visco-elastic half-space under
identical conditions as for the elastic case.

svC-TR-60-ll AD-318 970
COWAMTIVE PROTEC'r STRUC L4u6L DESIGN
29(601)-54T: Armour Research Foundation
Jmue 1960
S

The objective of this study was to develop cost figures for hardened
structures employed in air weapons system . Design techniques employed in the
study were based on best available methods. If these were regarded as incom-
plete, or insufficiently accurate as copared with design methods used elsewhere
in the stuiy, rapid and approximate methods --ere develo;ed specifically for the
program. This stu4y was further d iectea toward determining aifrimun cost designs
of complete protective structures for ultimate us' b• -."r Force planning a&icies
in selacting the optiona combination of bardeuing, mobility, and dispersal for
given funding levels. This required an *xtensive investigation of structural
components. ThG final report contalns coet figures in terms if both sat--ctval
elements (beams slabs, coluins, etc.) end structural enclosures (cubicles,
large-enclosures, etc.). In addition, silos, silo doors, archs, and domes are
treated In sep-arate appendixes. The study shoved thks. underground structmrt.
were far less expensive th % surface structures at moderately severe over-
pressures. At very high pressures, surface structures are regarded an not feas-
1ble, while underground structures appeared reasonable from a cost standpoint.
Optimau burial depths, which resulted from the design method assumed, were
fouad to exist for higebr overpressures. It vas found less expensive to build
underground prot, ctive structures in ss-d then in clay.



SWC-TP-60-16
ANALYSIS AND DESIGN OF DOMES, ARCHES AND SHELLS
VOLUME -- ANALYSIS OF SPHERICAL DOMES (2 Parts) AD-245 290
VOLUME II -- DYNAMIC RESPONSi OF CIRCULAR ARCHES UNDER A

UNIFORM ALL-AROUND PRESSURE PULSE AD-245 291
29(ý.ol)-464: University of Illinois
October 1960
U

Part 1 of Volume I presents numrical results of an irvestigation of the
dynamic response of an elastic sphe'ric'l shell to uniform axi-symetric pres-
suaes. A continuous dowe has 'teen replaced by a series of elastic members having
distributed flexural and membrane stifft'-sez. Itternal mctents, thruats, and
shears for the repla-euent mechanism have beer expressed in term of' tangential
and radial displtceients of the middle surface. The time-dependent response of
the dome to external pressures was investigated by solving t%'-se force-
displacewnt relations using an iterative technique si--il•r to physical re-
ia~xe ion.

The respo *evas investigatel for two types of c-tge restraint: {%) rigid
support, and (a) moment-free support. Also studied were the effects on response
oL radius-to-thiekness anM period-to-pulse duration ratios. Finally, the effect
of peak dynami-c ,essure m axi-syumetrical buckling was investigated. Aetsults
and conclusions sae suisarized in the text.

Part 2 of Volume I discusses a physical mechanism developt-d to represant
she3' actica for .otes dynamicasly leaded into the inelastic range. A sandwich
type of eroas sectioc. with two thick ual.foraly reinforced face sheets is intro-
1,'ctd to simulate the behavior of a cmc.*ete dome.

Physical relaxation is used in comuting dome respcosar, and the increm-ntal
loading proctdure is described in detail. Even for symmetrical pressures,
possible combination& of elastic and plastic areas in the dome surface become
ex-treeimy large. Thus, in an actual oumerictl calculation, & large amount of
bookkeeping is necessary. This bookkeeplag problem was solved in a unique
fashion for a binary computer and is presented in the chapter devoted to the
cou uter progra.

Volume II is concerned with the behavior of arch atructures under dynamic
loads. umeu.ical solutions are Iresented for the elastic response of tvo-
hinged circular arches of constant cros section subjected to a uniform all-
around triangular pressure pulse with an initial peak. Par.•eters izvestigated
include duration of the pressure pulse, magnitude of peak proskre ccmared to
critical buckling pressure, geometric and physical properties of the arch, and
initial out-of-rouniess of the arch.

The problem is analyzed approximately y replacing the continuous arch by
a frameworr consisting of a series of rigi: bars and flexible .1,ints, Th*
actual structure mos is lumed as a series of point masses t the joints. The
equations of motion for the anslogove framevork are solved by a step-Ly-atep
method of numerical integrctions.
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SWC-TR-60-21 AD-320 441
SUMIMARY OF INTERIOR BLAST LOADING IN HOLLOW MODEL STRUCTURES
29(601)-796: Armour Research Foundation
July 1960

This report summarizes results of a series of four interior loading studies
conducted in the Air Force 6-foot Shock Tube. Primacord high explosive was

used to generate sh.cks having overpressures between 5 and 30 psi and durations
of about 22 millisec, at the test section.

A series of hollow models with some exterior surface openings was studied
to determine the value of initial and maximum 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 a 4 x 6 x 12 inch cubicle with open-
ings of either 0, 30, or 100 percent in the front, back, top, or sides.
Variations in roof geometry trcated Include parapet walls and gable roofs, both
with and without eaves. A model full-scale field test structure was also treated.
These models were tested at angles of incidence of 00, 1450 and + 900. Most
shots were at 0o.

Openings located in or near the front were found to be most effective
in producing high inside pressures, while gable roof models showed slightly
lower inside pressures thqn 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 thi block although
difficult to measure satisfactorily, 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 00 to 900, then increases only
slightly in the 900 to 1800 range. Shock tube loadings compare quite well with
those on a very similar 24:1 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 simultan.eous openings in the front and back is also
presented. These curves are based on data from the Orientation Program.

SWC-TR-60-4l AD-251 14o
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
consists 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 program involved tests of reduced ambient pressure scaling
in a small (5-foot diameter, 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
shock waves.

Tests in both the predesign chamber and the final chamber indihate that
Sachs' (reduced ambient pressure) scaling of shock strengths is valid to ambient
pressures as low as 0.01 atm and shock strengths as high as 50.

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

SWC-TR-60-53 AD-257 572
RESPONSE OF ARCHES UNDER DYNAMIC LOADS
29(601)-2591: University of Illinois
August 1960
U

This report concerns a 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 timowise variation may be
arbitrary.

The analysis is simplified by replacing the actual arch, whic- 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 substitute 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 pressure 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 various parameters are discussed.
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SWC-TR-60-54
SURFACE EKFZeTS ON BLAST LOADING
29(601)-3218: Armour 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-
sion and he pressures occurring over ideal and real reflecting surfaces. In
separate b ctions the following subjects are discussed; the propagatiou of a
blast wave in free air, thermal radiation of an atomic weapon, reflection
process of a blast wave from an ideal surface, influence of mechanical eff 'cts
r:, blast wave reflection, and effects of atmospheric inhomogeneities on shock-
wave propagation. Results are summarized in a chapter where schemes for con-
structing blast waves reflect'md over real surfaces are presented.

Significcat advances in predicting the propagation and reflection of
atomic blast 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)-1944: United Electrodynamics Company
December 1960
U

This report discusses development of a free field stress gage. The gage
was 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-
what beyond 200 psi. Future gages developed along similar lines should ac-
curately measure free field stresses up to 1,000 psi.

An important side result of this work was the design and fabrication of a
dynamic pressure tank used in gage development and evaluation. Th- tank 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
January 1961
S-RD

Methods for designing closures for hardened dome and arch aircraft
shelters are 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. Solutiona to important design detail problems,
unique to design of hardened closures, are also given.

SWC-TR-61-6 AD-266 246
THEORETICAL STUDY OF GROUND MOTION INDUCED IN NON-HOMOGENEOUS
MEDIA BY NUCLEAR EXPLOSIONS (2 Volumes)
29(6ol)-1948: Stanford Research Institute
December 1960
U

In Part 1, a numerical example is set up to provide L test of the method
developed in Part 2 for calculating stresses and displacements in in elastic
half space caused by an axially symmetric airblast lroading. The :_; .•a1
and shear wave velocities, relative to the speed of sound in air, are taken as
1 + z and 0.6, respectively, where z is dimensionless depth. Results are shown
for an arbitrary surface loading which has general but not specific character-
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 parameters are
constant in each layer but differ from layer to layer. The usixal smearing of
compressional and distortional wave fronts in such methods is avoided by intro-
ducing a 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
sensor to measure the difference between stagnation and side-on prcesure, were
fabricated and tested in a shock tube. The completed gages each contained minor
modifications of a basic design, and each exhibited a different rise time, noise
level, and sensitivity. Subsequently, one gage, namely Q-5, was delivered to
the Air Force Shock Tube Lab in December 1960 and satisfactorily passed evalua-
tion and calibration tests in the 4-inch shock tube, in the 5-25 psi region
for shock wave durations of 6-7 me.
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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 Furce.

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 summarizes test data for blast resistant structures 'rhich
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 purpoze
of this report is to provide the reader with a feel 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)-2564: Armour Research Foundation
June 1961
U

Research conducted under this contract had four principal objectives:

a. First was determination of stress distributions on boundaries of
unlined circular, elliptical, and round-cornered square holes in large thin
photoelastic plates subjected to a dynamic point load on one edge. The centers
of all holes were identicftlly 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 on boundaries of three
unlined circular holes located at constant depth below a 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 stress distribution an the boundary of a lined
circular hole in a large thin photoelastic plate subjected to a dynamic point
load on one edge.

d. Fourth was calibration of electrical resistance strain gaes em-
bedded in a large thin photoelastic plate subjected to a dynamic point load an
one edge.
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During the course ox 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 transient
surface strains.

swc-TR-61-32 AD-448 434
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 soil 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 cylindcr and ;cnayiessed axliuly. 7aebe 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 could be eliminated.

SWC-TR-61-47
THE INVESTIGATION OF DEEP RElaFORCED 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-268 819
29(601)-2372: University of Illinois
july 1961
U

VOL. I. The object of this investigation was to study the strength and
behavior in flexure of a simply supported deep reinforced concrete beam subjected
to slowly and rapidly applied loads, as a basis for developing a rational and of-
ficient design procedure. In particular, it was desired to determine behavior in
flexure under dynamic load and to compare it with static behavior; to determine
the relation of ultimate deflection under dynamic load to ultimate static deflec-

* tion; to determine increase in flexural strength as a function of strain rate or
som other factor; and, if data collccted were sufficient, to reconand design
procedures fpr deep reinforced concrete beame.
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VOL. II. The object of tnic investigation was to determine the str=gth
and behavior in shear of reinforced concrete deep uesms 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 web rein-
forcement.

SWC-TR-61-48 AD-268 466
PRELIMINARY DESIGN STUDY FOR A DYNAMIC SOIL TESTING LABORATORY,
APPENDIX B -- SMALL SCALE FOOTING STUDIES, A REVIEW OF THE LITERATURE
29(601)-194T7: Massachusetts Institute of Technology
July 1961
U

A review is made of literature on small-scale testing of footings on 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 why some past efforts were worthwhile and others were not. The report
concludes that the beat success is achieved in nonquantitative 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 v&lues have
generally failed.

SWC-TH-.1-51 AD-263 870
GROUND SHOCK ISOLATION OF BURIED STRUCTURES
29(601)-2586: Armour Research Foundation
August 1959
U

This is a continuation of the study of isolation of buried structurea
from ground shock, reported in AI-SWC TR 59-47, Ground Shock Isolation of Buried
Structures. Small aluminum cylinders (2 inches in diameter x 8 inches long)
were embedded in dry Ottawa sand and subjected primarily to ground shock com-
ponents of an HE charge. Acceleroxeters mounted on the cylinders were used to
measure motions.

Various devices were then employed on or about the cylinders to alleviate
induced motions, which were compared to the unisolated response. These isolation
devices consisted of open and closed cell polyester urethane foams and loose and
dense sand contained in a stove-pipe. In addition, variations in response with
changes in overall bed density were 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
response.

The study demonstrated that accelerations generally increase vith increase
in bed density, and effectiveness of isolation qystems must be easured relative
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to characteristics of the overall bed. It in also shown that high frequency
e Ionents of response are important for cylinders placed close to the charge.
The study reinforced previous conclusions regarding validity of testing pro-
"cedures and effectiveness of soft foam isolation.

SWC-TH-61-55 AD-272 956
ANALYSIS OF THE DYNAMIC RESPONSE OF AN ABOVEGROUND SIMPLY SUPPORTED
CYLINDRICAL SHELL SUBJECTED TO BLAST LOADING
29(601)-2591: 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 blas . loading phenomenes 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.

0wc-TR-61-58 AD-268 46T
PRELIMINARY DESIGN STUDY FOR A DYNAMIC SOIL TESTING LABORATORY,
kAPPENDIXES K, L, M, AND N)
29(6ol)-19T7: Mad.s.chvsetts Institute of Technology
August 1961
U

Four laboratory experiments performed on small samples of soils are
discussed. The experiments were designed to furnish certain information ou
soil behavior needed for design of a dynamic soil testing laboratory. The four
experiments studied friction angles of sands at low confining presswres, side
friction in the conscl"'ation test, failure conditions in hollow soil
cylinders, and failures in tubes surrounded by soil. Apparatus and procedures
used in each case are described, and typical data and results are presented.

swc-TR-6i-6o AD-265 896
DYNAMIC RESPON81 OF THE 6-FOOT DIMETER 8HROC TUBZ TO A COISTANIT
VELOCITY PRESSURE FRONT
29(601)-2193: Universiti of Hichigan
August 1961
U

The problem of determiniug the @nemic effect of an internal nondrtoIting
pressure front •o-ing with constant velocity parallel to the axis of a cii cular
tube is treated. It was knwn that the equations for the problem of a beom
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reesting on an elastic foundation are equiv&iant to those for a circular tube,
after a simple replacemer. of constant terms. Thereafter, the equivalent beam
problem is considered with both infinite and finite lengths. The finite beam
is investigated with two types of boundary conditions: both ends simply
supportei, and both ends fixed. Viscous damping is considered for the infinite
beam. 'De 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
identical, and the solution for one circular tube is obtained on the basis
of an equivalent infinite beam.

SWC-TR-61.-90 AD-276 290
STUDIFS OF THE IESPONSE OF ARCHES AND DOMES UNDER DYNAMIC WAD6
'9(601)-259i: University of Illinois

October 1961
U

This report,, consisting of Parts I, II, and III, is concerned with three
aspects of the response of arches and domes under dynamic loads.

In Part I the accuracy of an approximate design method for arches sub-
jected to dynsazc loads is evaluated by comparing predictions using this method
with exact solutions. Primary emphasis is placed on effects of loads distribu-
ted uniformly around the arch,

In Part II the response of circular elast'c arches under a moving pressure
pulse ie investigated by the modal method. Various combinations of natural

modes are considered, and the combination of the smallest number of modes
which satisfactorily approximates the exact solution is determined. Tt is con-

cluded that good approximation to the true response can be obtained by consider-
ing contributions of the first anti-symetrical and the first two symetricaj
natural modes of vibration.

Part Ill presents a derivation of an approximate theory for the dynamic
rebponse of spherical shells loaded unzymmetrically by time-vioying pressures.
Nonlinear effects are considered, so the resulting equations reflect bu:kling
tendencies associated with large-deflection behavior.

WL-TR-64-Io8 AD414 108
EFFECTS OF BOUNDAPY FRICTION O TRANSMISSIOR OF STATIC STRESS TiROUGH
SAD IN CYLINDRICAL TANKS
29(601)-6002: Air Force Shock Tube Facility - University of Neo Mexico
March 1965
U

Experiments to determine the effects of boundary friction on the traus-

mission of static vertical stress throuh standard 20-30 Ottaea sand in 8-inch

I.D. tanks are discussed. In these experiments the tank type, tank :ength,
applied overpressure, sand density, and boundary were varied. Theozy and
tests showed that the percent transmission did not vary significantly with
overpressure between 7 and 85 psi, but decreased with the length of the tank.
The decrease in transaission with increase iL tank length could be approxi-
mated by a theoretical equation up to sow maximu length. It is concluded
that a greased membrane is perbape the simplest and certainly an adequate
means of reducing wall friction.
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WL-TH-6h4-ni AD-359 458
EJECTA DISTRIBUTION FROM CRATERING E',NTS IN SOIL AND ROCK
29(601)-6270: The Boeing Company
February 1965
S-RD

Data resulting from 4 nuclear craters and 31 chemical craters Yere
obtained and evaluated to determine electa distribution on the ground surface
surrounding the crater and to account .^r the disposition of totatl ejecta mass,
fallback mass, and compaction and distv-. *,n mass. Emphasis was on surface
craters In rock and soil; however, data for rock craters are sparse. Existing
theories on cratern-' -tre surveyed to determine if they could oe used or
modified to explain ejecta observations iade on ekperiwental craters. It
appears that the Knox-Terhune the. ry could bt modified to predict ejecta dis-
-ribution for subsurface craters; however, a similar theory for surface shots
does not exist.

Analysis of data for a single near-surface nuclear crater indicates that
ejecta mass represents 35 percent of true crater mase and 53 percent of
apparent crater mess. Fallback mass represents 27 percent of true crater mas,
and the compression and distortion mass represents about 37 percent of true
crater mass.

For chemical (hE) surface craters, ejects mass represents about 35 percent
of truw crater mass and does not eyhibit a particular function of yield.
Chemical surface crmters are characterized by fallback representing abotzt 34
percent of total eject& mass; and compaction and distortbxm of the surrounding
medium represent about 31 percent of the true crater mass.

As charge weight ib increased, the ejecta mass for surface chemical
craters is deposited closer to the cratar edge. When charges of fixed weight
are fired at successively greater bwst depths, eject& mass is Aieposited at
increasing dlistance from the crater edge until the burst dOpth for optimum
apparent crater is reached.

Ejects mass distribution was similar for t wo srface craters of the same
chemical weight: one in rock Pxd the other in soil. 1he ratio of total ejects
=aus to apparent crater mass wva 1.7 and 0.75 for the rock a#d soil crater,
respectively. ft.e ccztributico to the crater d4e to coWActioua nd distortion
is negligible for craters in rock.

Scaling lwa, for surface craters in soil nedi* were developed.

Wi-fip-6"-II2 AD-361 420
PREDICTION TECI•IQLEB WOH SOIL AXD C(X BSEHAVIOR IN ThE VERY xIG
OVEPREMSUlRZ REGION
29( 6 01)-554oP. hamnnon and Wilson, Inc.
MAY 1965

This report extends the current semiespirical 'xthod for determinin4g
the gound displacewnts due to air blast effects to the very high over-
pressure region. PA a background for the iethod, the pertinent behavior
characteristics of the soil and rock are discussed mnd field and laboratory
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technijues are outlined. Since the method is based on limited field data and
many assumptions, the limitations are fully diacussed. Appendixes to this report
present a numerical example of the method, techniques for in situ rock testing,
aud construction considerations for underground protective structures in rock.

WL-TR-64-113 AD-619 969
CLOSE-IN EFFECTS FROM A SURFACE BURST
29(601)-5009: MRD Division - General American Transportation Corporation
June 1964
U

A computer program for the solution of stress wave propagation into a
real rock material near the center region from a surface burst of a leage-yield
nuclear device has been prepared. Preliminary numerical results are shown.

The computer program was prepared from a set of finite difference equations
representing the differential equations of motion.

The differential equations of motion are taken in a form which includes
large displacements, larpe strains, large rotations, large velocities, and
accelerations.

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

1. The form of the reversible component was derived in accordance with
classical thermodynamics and finite elasticity theory. The Heldliolt 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 deformation was de-
rived from the microscopic theory of the motion of crysamiline imperfections
and their relationship and response to stresses and temperature.

Several illustrative examples of stress strain curves are shown.

WL-TR-64-II8 AD- 615 457
STATIC AND DYNAMIC COMPRESSIBILITY OF S'JFFIELD EXPERIMENTAL STATION SOILS
29(601)-6352: M. T. Davisson, Foundation Engineer
April 1965
U

Static and dynamic one-dimensional compression tests were performed on
each of ten 5-inch =ndisturbed shelby tube soil samples taken from the site of
Operation Snowball at the Suffield Experimental Station. The maximum stresses
attained were generally in the 390- to 1,300-psi range. The results of the
tests are presented in the form of plots of axial st-ess verslis axial strain,
constrained modulus .irsus axial stress, and radial stress versus axial stress.
The dynamic modulus observed for the upper 13 feet of the sol profile has a
minimum value of approximately 3,000 psi, and 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 psi are applicable 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 air-blast-induced ground motion prediction was
made for a range of 250 feet from a 500-ton TNT explosion. A peak transient
surface displacement of 4.6 inches was computed for a time of 39 milliseconds
after arrival of the shock front at the ground surface. Because of differences
between the laboratory and field loading histories, and the strain rate sensi-
tivity of the soil, the computed displacement is probably from 50 to 100 percent
of the actual displacement.

WL-TR-64-122 AD-468 736
A STUDY OF STAT'IC & DYNAMIC RESISTANCE & BEHAVIOR OF STRUCTURAL ELEKENTS
Final Report -- Project W66
29(601)-5372: IIT Research Institute
June 1965
U

In the current phase of a research program designed to study the behavior
of 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. 'Ibis facility wan
then used to study the behavior of four cylindrical shell models which were
buried in a dry cohesionless soil medium of uniformly graded silica sand
(Ottawa 5and).

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 also pre-
sented along with acceleration-time records of the crown, invert, and springing
line. Some conclusions are then drawn regarding the influences 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 and dynamic overpressures.

wL-TR-6 142 AD-614 892
SIMILITUDE OF DYNAMICALLY LOADED BURIED STRUCTURES
29(601)-5359: Iowa State University
April 1965
U

Results of an investigation to determine similarity requirements for
dynamically 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-weight loader or a shock tube. Hollow tubes instrumented with strain
gages and solid blocks instrumented with accelerometers were used as the model
structures. Tbree 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 different depths of
burial for a series of geometrically similar models and for a series of hollow
cylinders of dirierent stiffuesses. A detailed analysis of the data is pre-
sented.

The results of the test program indicate that reli&ble predictions, based
on the scaling relationships presented in the report, can be obtained for
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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-64-143 AD-615 906
ANALYSIS OF FREE FIELD DATA IN A HALF-SPACE UNDER DYNAMIC LOADS
29(601)-5552: MRD Division - General. American Transportation Corporation
April 1965
U

Exact analytic formulas are developed for obtaining wavefront stress and
stress-gradient values in elastic and viscoelastic half-ipaces subject to
dynamic surface loading. These exact wavefront stress values are used along
with the results of a double-precision computer code in the display of stress
profiles for the elastic half-space problem. Viscoelastic and elastic attenua-
tion formulas are derived. Attenuation contours are plotted.

WL-TR-64-155 AD- 616 344
THE MMEXHICAL AND OPTICAL CHARACTERIZATION OF SOLITHANE 113 AND
INVESTIGATION OF PHASE LAG RELATIONSHIPS BETWEEN PRINCIPLE MECHANICAL
AND OPTICAL AXES IN PHOTOVISCOELASTIC ANALYSIS
29(601)-5367: Firestone Flight Sciences Laboratory
October 1964
U

A complete mechauical and 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, somewhat narrower than
other materials of the urethane famiJly.

The time-dependent orientation of the principal mechanical axes and
optical axes is investigated for e circular Solithane specimen subjected to
a rapidly changing diametric load 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-614 481
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 seed and clay under high stresses. The analytical work de-
veloped equations for the stress-strain properties of a medium composed of
elastic equi-radii spheras in a face-centered cubic array. Theoretical relation-
ships between the coefficient of earth pressure at rest, the angle of internal
friction, and the coefficient of friction between the coefficient of earth
pressure 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 grain shape
and gradation were as important as relative density in influencing the stress-
strain properties. Controlled radial strain tests on the sand, 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 to increase and 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
Jume 1965
U

Concrete mixes with average compressive strengths of 5200 psi, 810n psi,
and 8700 psi were tested under four different conditions o. triaxial compres-
sive loading as follows:

Type I. a1 > (u 2 = 0 3)

Type II. (0102) > a3

Type IlI. 1 2 a 03

Type IV. 01 i Cc2 oi C >3 ;C 1

a1' 1 2' and 03 are the major, 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 1 and Type IV loadings differed
little, and the following equations fit the combined results very well:

01 f f; =4.69o 3a0330 0<3 < 35 ksi

01 =f 10.570 a06329 35 3< 75 ksi

Considerable bulging occurred, and it appeared that the average normal stress
at midheight remained nearly constant during bulging and represented an ap-
proximate yield stress, ac. Equations for this stress are

-f- 3.042 a0"9782 0 < a < 35 ksi

- f' c 7.257 a 35 c 03 • 75 ksi

Type II tests were run until the lateral stress dropped. Results of these
tests are given by
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2.105 f' 4.056 08510 0 < o3 -20 ksi

The difference in Type I-Type IV and Type II 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

f f (1 - 0.005635 a3) 03_< 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)-6270: 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 wai relative 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
maxim= distances 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 apparent 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
bur.st depth of about 6... feet.

WL-TR-64-175 AD-471 182
GROUND DISPLACEMENT STUDIES, Project 3.7
29(601)-6378: Shannon & Wilson, Inc.
November 1964
U

Measurements of transient and permanent 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
distances of 245, 280, 310, and 370 feet from ground zero on a true azimuth
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of 3220. Specially designed scratch gages were installed inside of couplings
joining aluminum Slope Indicator casing at the stations to measure vertical
transient movezent with depth. Slope Indicator readings were taken at pre-
determined intervals post- and pre-shot to determine the alignment of the
aluminum casing and to determine permanent horizontal movement.

Surface surveys indicated that the tops of the casing at the two stations
closest to ground zero moved toward ground zero, while the remaining two
stations moved away from ground zero. 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 material 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 obtained 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 constrained modulus of
elasticity are included in appendixes in this report.

AFWL-TR-65-8 AD-
SHEAR AND BOND STRENGTH OF HIGH STRENGTH REINFORCED CONCRETE BEAMS
UNDER IMPACT LOADS - FIRST PHASE
29(6o0)-6246: University of Texas
June 1965
U

The Air Force Weapons LL•oratory, Kirtland AFB, New Mexico, initiated a
comprehensive investigation into the shear and bond capacity of very-high-
strength concrete beams subjected to impact fcrces, 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 was broad rather than intensive in any me aspect of
behavior. Useful qualitative information from this report will be helpful for
•aesigning shear and bond strength into hardened structures, but precise
quantitative advice will require intensive study on specific aspects of be-
havior. The first phase did indicate that further research on particular item
should yield specific design criteria.

The University of Texas College of Egineering has obtained new recording
equipment for dynamic measurements, and an on-campus drop facility has been
constructt4. The improved equipment along vith 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) determination

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 300 to 1,2qP psi. it was
found that detonation waves may be substituted for air shock waves when the
incident loading is importanL and that applications a: g.terally i.lired Lu
instances in whicb •,,y 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 performed 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, WaLhington
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 shot, that when Hugoniots art- used
as equations of state, the Hugoniots must necessarily coincide for all geometric
configurations. It is 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 proposed for
hydrodynamic behavior, and the parameters cuntrolling this behavior are given.
A technique to check the validity of proposed .quations of state using flesh
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 analyznrg
storage and retrieval systems. The informativla storage and retrieval system
being used for processing civil engineerivg STINFO is a manual, nonconventional
type commcnly 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 Indpxing process as an additional aid for retrieving
only relevant information when a search is being conducted. Evaluation of re-
trieved information in response to an inquiry made to 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: lIT Research Institute Technology Center
August 1965
U

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, is 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 deviatotic 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 information contained herein constitutes the third and 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 previous two phases, and results of
physical and thermal tests of high-strength concrete including creep, shrinkage,
thermal properties, heat rise, and stress-strain relations. Procedures for
proportioning, mixing, placing, using, testing, and inspecting high-strength
concrete and the practical application to structural works are discussed. Recom-
mendations are made for additional work to fully utilize the p-operties of high--
strength concrete.

AFWL-TR-65-20, Volume 1 AD-472 608
DYNAMIC STRESSES IN A THICK ELASTIC CYLINDER SUBJECT TO TRANSIENT
PRESSURE LOADINGS - Theoretical Analysis and Discussion of Results
29(601)-5993: Grumman Aircraft Engineering Corporation, Bethpage, New York
September 1965
U

The responsc of r :ll-w circular cylindrical shell of arbitrary thickness,
in either an elastic or a viscoelastic medium, to transient Jiiatational 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 medium 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 forr. (step pulse, rectangular, linear rise-exponential
decay).

AFWL-TR-65-20, Volume II AD-472 864
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 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 histcry of the transient stress in the incident wave, ano (2) the existence
of a physical mechanism that, between pulses, 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 following ifacors 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.0.)
April 1965
U

Rasultz 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 matix of primacord was utilized to produce
the desired explosion 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 velocity 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

1 ,,qr~rnR, and the validity of the technique for sim,'.4ttP- thp d4iireu'

nuclear environment is established.

AFWJL-TR-65-"6, Volume II AD-613 674
SIMULATION OF AIR-BLAST-INDUCED GROUND MOTIONS (PHASE II)
In-house (Auld, H.E., D'Arcy, G.P,, and Leigh, G.G.)
May 1965
S

The pr 4 -"Ipal objectives of this portion of the experiment were to investi-
gate the response 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, str•in gages, inter-
face pressure cells, and mechanical scratch gages. The recorded data were
analyzed to determine the behavior of the test structure and this behavior was
then compared to the predicted response. In general, the predicted and measured
responses correlated fairly well, but additional refinement of the analytical
procedure appears necessary. Similitude relationships were developed, but the
validity of these relations cannot be evaluated unt~l future tests of full-
scale structures have been performed. The hardened communication system was
made up of cable splice cages and interface connectionq typical of the LGM30
Hardened Intersiue Cable System used at MINUTMAN instollations. A descrIption
of the test Items and their post-shot conditira is Vnc¢luded along witih a discus-
sion of their survivability.

i- WLTR-65-29 AD-62i 895
STATIC & DYNAMIC BEHAVIOR OF SAWIDS IN ONE-DIMENSIONAL CCWPRESSION
2,9(601)-6369: University of Illinois
December 1965
U

Static, rapid, And dynamic one-dimensional compression tests were performed
on four different sands at each of three different initial relative densities.
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The maximum stresses attained were generally 10,000 psi or higher, except for a
low-pressure dynamic test series which attained stres3es 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 before- and after-test conditions.

The static data were compared to Hendron's static data on the same four
sands; generel agreement was noted, although the compressibility was consistently
somewhat higher than that observed by Hendron. The radial stresses were also
somewhat Tower; however, the discrepancies are probably a function of the test
devices and the manner cf performing the test.

Crushing of the sand grains was very pronounced for the coarse sands,
especially the angular cand, azid had an overwhelming effect on the stress strain
relattotiship. Consideration of sand grain contact stresses provideb a quali-
tative explanation for the observed behavior. It was noted that at high pres-
sures each aand attained a .ommon void ratio, at a given stress levei, regardless
of its initial relative density. Beyond this stress level each sand has
:....... ly un1que 'iroperties. No strain rate effects were observed that are
likely "o be of significance in the engineering use of this data.

AFWL-TR-65-31 AD-
INTERACTION OF PLANE ELASTiC WAVES WTTH 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 infinite, elastic, isotropic, homogeneous medium as
it is enveloped by a plane stress '<ave of dilatation traveiing in a direction
petpendicular to the axis of the cavity. The liner, which may be thick, is
considered as a second elastic medium. Both the incident streas and the "r,-t-
bations in the stress field are represented by Fourier series where the coff-
ficients are functions of radius sa'd time. These coefficients represent
two-dimenslonal traveling-wave soluticns asd are found by solving sets of
coupled integral equations of the Volterra type. A computer program was written
to carry out the numericil computations. Hoop stresses in the liner aad in the
"oeium at the liner medium interface were computed at various angles ground the
opening for a plane longitudinal step *,e It was found the- tie aaximm
dywamic stresses o.cur on a dimeter which is perpendicular to the direction of
wave propagation, and zhat the dynamic stretsea are sensitive to variation of
the ratio of thickness of the liner to its radius, and stiffness of the liner
reletive to that of the mediu- Further studiam were then sade to deteruine
the irtrtion of sxiotau hoop stresses it tbh liner and medium with these
parameters. The maximum dynamic utresses were compared with the corrernponding
static values. In eddition, the effect of decey asd rise time of the incident
on the maxiw= hoop stress was inveatigated.
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AFWL-TR-65-43 AD-628 806

LUX'ERIKENTAL STUDY OF STRESS WAVE INTERACTION IN
PHOTOVISCGELASTIC PLATES
29(601)-6240: ItT Research Institute Technology Center
January 1966
U

The objective of this investigation is to obtain experimental solutions to
viscoelastic stress wave initeraction problems pertinent to the design of protec-
tive structures. The methods of photovi=coelaýii:.'.ty and eA)pcrimentd1 visco-
elasticity in general were employed. T1he model material used, plasticized
polyvinyl chloride, was characterized mechanically and optically by creep teats
at different temperatures ustng the temperature-time equivalence principles and
by sinusoidal oscillation 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 point
in the free field. It was found that the measured maximum compressive stress
on the hole boundary is 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 deter-rined at a free-field point and on the boundaries
of a circular hole and a rigid circular inclusion. The maximum compressive
stress on the hole boundary is appreciably higher than the "statically" computer
stress initially, 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 KINATURE VELOCITY GAGE
29(601)-5419, 29(601)-64!ý Stanford Research hi-titute
29(601)-t,102: Universihy of New Mexico
March 1967
U

Part I of this report describes the theoretical and experimental development
of a compact velocity page. This gage was developed to measure transient velo-
cities from less than 2 cm/sec to above 600 c,/Pec over a frequency range from
1 to 500 cps. It can be itsed at any inclination and measures the velocity
component aluoig one axis only, unaffected by crosswise motion. The gage is
nearly a cube of about 5-cm edge lungth and weighs 375 go, This gage uses a
highly overdp•d spring-s"s system vith its undamped natural frequency at the
geometric mean of its frequency rang•. The relative displacement between mass
#nd initrument case is a direct measure of the valocity of the case. The gage
is scrurats: to within +10 percent if calibrated properly. Part I' describes a
evaluation of the Stanford Research Institute (SII) velocity Sage discussed in
Part I. This evaluation war %*& to determine the gage performace in measuring
the particle velocity of shork-loaded soils. Results indicate that the SRI gap

ea&a•ares the input velocity to within about 10 percent. Cage response to barm ic
motion is flat up to about 700 cps. age ensitivlty is affected by temperature
chamges by about 1 percent per fahrenheit degree. The gage shw* a tilt sign•l
wtith, for a horizontal gage, is about 1.5 percent of full scale per degree of
tilt. The gage is not affected by loads of up to 1,000 pounds on the case.
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It will withstand shocks of approximately 4,00*;"along the sensitive axis and
1,000 g along the cross axis. Tests of the SRI gage in soil indicate that its
presence disturbe& the motion field to the extent that the measured velocities
nay have been considerably in error. The problem of soil motion measurement
requires more work, particularly in the development of a gage or gage pqckage
that will follow the soil motion.

AFWL-TR-65-48 AD-469 994
A COMPARISON OF THE DYNAMIC AND STATIC SHEAR STRENGTHS OF
COHESIONLESS AND COMBINED SOILS
29(601)-5174: University of Notre Dame, Notre Dame, Indiana
August 1969
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 minutes has been
utilized to test a wide variety 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 inertial confinement
was observed in a dense Ottawa sand.

Cohesive materials, which included undisturbed and remolded clays and

combined soils (mixtures of sand and clay), demonstrated an increase in maximum
shear resistance under impact loads described solely by the apparent cohesion
intercept of the failure envelope. The friction angle was essentially insensi-
tive to test duration. The ratio of the apparent cohesion fcr a -ailure envelope
involving failure times of 5 milliseconds to the corresponding intercept for
failure 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 dispersed) for degrees of saturation in excess of
85 percent. The apparent cohesion ratio appeared to decrease on the dry side
of 3ptimum for compacted soils.

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

The simultaneous dynamic application of normal and shear forces did not
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 HIG'I PRESSURE
29(601)-6411: IIT Research Institute 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) develop-
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 to a certain degree. Specimens up
to 3 inches in diameter were subjected to fluid pressures of several kilobars.
The deformation of soil .aas measured with a potentiometric 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.

AFWL-TR-65-59 AD-621 363
STEP LOAD MOVING WITH SUPERSEISMIC VELOCITY ON THE SURFACE OF
A HALF-SPACE OF GRANULAR FMATERIAL
29(601)-6055: Plul Weidlinger, Consulting Engineer, New York, NY
September l1G5
U

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

The problem is inherently nonlluear 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 a value a defining the internal friction.

APWL-TR-65-67 AD-805 746
STUDY OF WAVEFORM CHARACTERISTICS FOR USE IN THE ANALYSIS OF SHOCK
ISOLATION SYSTEMS FOR UNDERGROUND PROTECTIVE STRUCTURES
29(601)-6277: Ralph M. Parsons Company, Los Angeles, California
January 1967
U

A recent review of nuclear ground shock test data revealed oscillatory
motions of undetermined origin, but of aufficien- magnitude to be of concern

in the design of shock isolation systems for underground protective structures.
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Response spectra of the oscillations exhibited amplification ratios far exceeding
those employed in most groundshock prediction methods, the ratios being functions
of the number of oscillations, and the amplitude 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-
tigation, 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 bursts were calculated. In both cases, oscillatory
phenomena can be predicted and certain features related to the observed
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.

APWL-TR-65-'71 AD-628 064
DEVELOPMENT OF EQUIPMENT AND PROCEDURES FOR PRODUCING LARGE
QUANTITIES OF FOAMED SULPHUR IN THE FIELD
29(601)-6408: Southwest Research Institute, San Antonio, Texas
January 1966
U

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 h&ve not been fully optimized, this new foam material represents a sia't-
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 or, a continuous basis at a remote field site by
a process and with equipment that is simple and capable of being scaled up to
any size. The foam 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 lb/ft 3, 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 is less
than 2 cents per pound, a foam with a density of 27 1b,/ft 3 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 rigid 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
Air 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 erroneous effects
of arching, overstress, and lateral deformations of the coupling shaft found in
spool gage displacement neasurements. Stress wave reflections and gage lengths
are discussed with reference to dynamic data collected in dry sand several months
prior to this study. The study resulted in the formulation of a set of minimum
criteria to be used when the spool gage concept is employed to measure relative
displacements in soil. These crit~eria were applied to the design of a spool gage.
which was tested and compared with the performance of a magnetic coil displace-
ment gage that is relatively free from mechanical mismatch effects. The results
from the two gages tested in a controlled environment were very similar.

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

OCCURRING OVER A BURIED RECTANGULAR PLATE
29(601)-6388: University of Illinois
June 1966
U

This report presents the results of an experimental investigation of soil-
structure interaction and its effect on the pressure transmitted to a horizontally
buried flat plate. The primary objective of this effort was to determine the
validity and range of applicability of an analytical arching theory developed
to predict the pressures developed on a flat plate buried horizontally in a
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. Th-qe springs could be
changed to investigate the effect of support stiffness on plate pressure. All
tests 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. In 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 pressure more load was
transmitted to the buried plate in th* dynamic tests than in the comparable
static tests.
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ArAL-TR-65-82 AD-486 834
OPTI4AL SROCK ISOLATION SYNTHISIS
29(601)-6487: lIT Research Institute Technology Center

July 1966
U

The objectives of this study were to determine if the response of a single-
degree-of-freedom active shock isolation system provides a substantial 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 in ac
active shock isolation. The best possible shock system and its performance were
compared to an optimized passive system. Four techniques were employed in the

)analysis of the optimal systems: dynamic programming, linear programuing, a
simple graphical procedure, and direct integration. The above methods were also
used to construct what we have chosen to call a tradeoff limit 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 consideration. Aa is demonstrated, this diagram provides the designer
with the tool for a rational comparison of the performance of any isolation
system with that of the best possible. Thus, 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 beat 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.

AIVL-TR-65-92, Volume I AD-627 096
TON Gl•T hLASIA EARTHQUAKE, VOL. I
In-house (W. 1. Fisher and D. H. Markle)
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 quake's epicenter created a wide variety of temblor
effects Including crevasses or grabens, pressure ridges produced by landslides,
and a bored spectrum of structural damage. The bays, inlets, harbors, and the
seaCoast for many hundreds of miles were Inundated by powerful seismic sea waves
(tsunamis). Such diverse effects suggested unlimited areas of study and
evaluation. This technical report presents a general ssmary of all the effects
catalogued above, and investigates in m detail the strengths and weaknesses
of the many types of structures affected by the temblors. The volume of illus-
trations which supplement this report shows many details of structural damage,
Information that could be extrenely useful to ensginers, architects, coutrac-
tors, city planners, and others who plan to erect structures on land knowm to
be subject to earthquakes. All maps and illustrations are contained in
Volume 11 of this report.
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AFWL-TR-65-92, Volume II AD-627 020
THE GREAT ALASKA EARTHQUAKE, ILLUSTRATIONS AND MAPS
In-house (W. E. Fisher and D. H. Merkle)
November 1965
U

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.

AFIJL-TR-65-98 AD-631 671
PRESSURE DISTRIBUTION ON UNDERGROUND STRUCIURAL 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 on the soil surface.
A computational procedure was developed for predicting these contact aressures,
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
was 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 nonlinear
stress-strain relationship for sand. The experimental and analytical results
were compared to each other and to previous semi-empirical recommendations for
the design of underground structures. It was concluded that the analytical
formulation provides an extremely useful approach to the design of underground
structural cylinders in general.

AFWL-TR-65-99 AD-621 145
B•HAVIOR O' FLEUIBLE U!DGROUND CYLINDDtS
29(601)-6368: Massachusetts Institute of Technology, Cmbridge, Mass.
September 1965
U

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 experimental and theoretical work done in the past several years
in an attempt to arrive at a unified picture of the chosen aspects of behavior.
Active arching mas found to reduce the load acting on tubes buried at depths
up to several diameters in stiff soil by an average of 30 percent. On the other
hand, passive arching may subject tubes buried in compressible soil to loads
somehat higher then applied on the surface. Spengler's deformation equation
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was modified to account for arching, lateral pressures, and variability of the
soil 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 comprehensive
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 K. 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 Ks and their relationship to values of M. Regardless of the exact value of
K,, however, it was shown that for man-, practical. situations of underground
cylinders tfie controlling mode of failure is buckling rather than compressive
yield.

AFWL-TR-65-104 AD-489 079
DEVELOPMEiT OF THE UNIVERSITY OF NEW MEXICO SOIL STRESS GAGE
29(601)-6002: The Eric H. Wang Civil Engineering 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 H.
Wang Civil Engineering Research Facility, is fabricated of aluminum with a
modulus of approximately 10 x 106 psi, and weighs 2 ounces. The gage was
evaluated in a series 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 soil stress in a dense 20-30 Ottawa sand in field and laboratory
tests up to 2,000 psi. Static ustsurements 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 AXISYMMTRIC ELASTIC-PLASTIC GROUND MOTIONS
SNI NUCLIAR BURSTS

29(601)-5851: Univeraity of Illinvis, Urbana, Illinois
November 1965

Nuerical solutions are presented to axially symmetric wave propagation
problems in elastic and elastic-perfectly plastic solids. Us is made of
msthematically consistent lumped parameter models in cylindrical-polar and
sph*rical-polar coordinates to obtain ettain relationships and equations of
motions; the latter are then integrated by a mnerical technique. The material
behavior is specified by gooke's law in the elastic range, the Prandtl-Rouse
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stress-strain laws in the plastic range, and Hooke's law in rate form for
unloading. Misea' 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.

AFWL-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
stress-strain under cyclic loading to 5,000 psi, uniaxial 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
recomended 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 types. Five charts are presented for estimating th#
strength or modulus properties for intact rock from the numerical indices obtained
by either the Schmidt hasmr, the Shore ecleroecope, or the sonic pulse velocity,
all used in conjunction with the unit weight of the rock.
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AaIL-TR-65-122 AD-479 704
R[ POUS! OF CYLINDRICAL SHELLS ENCOMPASSED WITH ISOLATION MATERIAL
TO A PLANE PRESSURE PULSE
29(601)-6112 and 6647: lIT Research Institute
February 1966
U

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 burled 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 shel1
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.

'The results of the study iidicate 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 faam
strength is such that a significant amount of crushing occurs, then shell defor-
mations are also substantially reduced. The analytic model developed in conjunc-
tion with the experiments permits reasonably accurate predictions of shell
response. Of particular interest is the ability of the analysis to predict the
overall character of the model deformations and the large accelerations
associated with "ringing" of the shell in the elastic foam for cases where a
high strength foam exhibits little or no crushing. For loa strength foams which
exhibit significant crushing, the analysis predicts the oscillatory character
of the model deformations and the decay of the shell accelerations with time as
observed in the experiments.

AYVL-T1-65'-140 AD-625 458
F3AMRS OF GYPSUM PLASTERS AND CDEKNT .ORTARS BY
DmNMC LOADIC
29(601)-"201 Melpar, Inc., Falls Church, Virginia
December 1945
U

An experimental study was made of influence of strain maguitude and strain
durtioa on dynamic fracture in uniaxial tension of low-strength gypsum plaster,
higb-strmgtb gypsmm plaster, high early strength portland camt mortar, and
ordinary portland cement mortar. Dynamic test specimens were circular cylindri-
cal bare vith diameters ranging from 0.9 to 1.2 incbes and lengths ranging from
18 to 56 Inches. Static test specimens 2 inches loul were cut from the long
bars. A special loadin# device, designed and constructed by NIlpar, generated
a coprsesive pule by longitudinal impact of two metail bars and applied the
pulse to mne ead of the dynamic test specimens. The compresasive pulse was
reflected at the free end of speciafes aa a tensile pule and caused fracture
is temslon at a section waar 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 fracture 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 presentel. These summaries are from reports published by the
Civil Engineering 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 weapon
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 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
ErTZRKAL PRESSURE
29(601)-6496: Mechanics Research, Inc., El Segundo, California
March 1966
U

The purpose of this research investigation was to develop practical methods
of analysis and the resulting structural design recommendations on the behavior
of ring sections under a prescribed nonuniform external pressure distribution.
This pressure distribution correspends to that which is assumed to act normal
to an isolated tunnel or silo liner. The ring sections are constructed either
of materials which exh).bit an isotropic, homogenoov elastic-perlectly plastic
stress-strain relation, or of reinforced corcrete. The "exact" tw"-diaute slo"
elasticity equilibrium solution in polar coordinates was obtained a" a basis for
predicting iucipient material yielding, and also in establishing the equilibrium
dieplacement vector required in the elastic stability solution. Using these
results, a criterion for predicting the primary mode of failure (i.e., b6 iklint
or gradual yielding and eveateal collapse) is obtasied. The method of limit
analysis is then applied to determine the collapse load. Post-elastic defor-
mation relations for ring sections subject to this particular mod& of failure
are derived based upon approximate plasticity methods. Using the gross intermal
forces generated in the homogeneous case, together with an ultimate reinforced
concrete section model (employing the so-called "Ahitmey" rectangular cmcrete
compressive stress distribution), a nomograph is derived to detetrane the
required reinforced concrete section properties (i.e., thicbkness ad ".eiforcift
steel). In addition, shear and diagoml tension design relAti~os are obtaimad.
Test techniques for the experimental verification of the theoretical findings
vere also 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, California
February 1966
U

Earlier experimental work has been extended to evaluate the effect of mois-
ture on the Hugoniot of playa. For engineering applications the Hugoniot of
moist 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-V plane) from high pressure 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-'GrUneisen 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 slopes of the coexistence curves. Relative
slopes of Hugoniots and isentropes in the mixed phase region are calculated.
The results of the theoretical discussion are applied to trarsitions in bismuth,
iron, and quartz. Agreement of values of dr/dT 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 is an outstanding
problem in predicting equations of state for earth materials.

AP7-TR-(5-156 AD-628 860
DEVELOPMENT OF CONTROLLED IXL"ULSE TECHNIQUE FOR IN-SITU
TESTINC OF ROCK
29(601)-64-PO-l0: U.S. Department of the Interior, Denver, Colorado
February 1966
U

Object of the work is development of equipment and techniques for transmis-
slon of nondestructive, repetitive, stable, closely cont.olled-shape sonic pulses

through various types of rock in place. Rock masses tested were granitic gneiss
schist, potash rich salt beds, and porphyry-copper ore* The tests measure somv*
physical properties of a rock mass over variots periods of time. Sonic pulses
are produced by electronically excited, plezoelectric-cercmic transducers housed
in transmitter ane receiver units. Electronic pulses for transducer excitation
&re generated by transistorized bittery-powered rulue generators. Output from
rivca r units (or g*ophotis), amplified by transistorized preamplifiers, is led
into k portable transistorised oscilloscope triggered by the electronic pulse
genturater to display the signal. Various modls of transmitter and receiver
uaits dLffiming in site, weight, and manner of insertion into borehole& in rock
are described. Two models of electronic pulse generators and a receiving unit
premplifier are described. With exception of the oscilloscope, all major equip-
ment compow•ets were developed by U.S. Bureau of Mines facilities. Transamesion
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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 elasticity. 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-
lineaL, VCLLically burie', prismatic structures and nonlinear mediams may be
handled when, first, a condition of no failure occurs. A theoretical solution
is presented which Lounds 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-failure theory gave adequate bcunde 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 passive tests. This was demonstrated both by
quantitative arching data and by photographs from tests 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 stricture were both studied. All tests were conducted in 20-30
Ottawa sand, predomin. itly dense, although some tests in loose sand were included.
All tests were inclu0e. All tests were on right-circular cylinders. Other
variables included depth of cover; diamter, height, and stiffness of structure;
and overpressure level. It is suggested that the results of this study would be
useful in the design and analysis of protective-type structures and soil 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
Decmber 1965
U

A report is made of research carried out at Purdue Universit; to determine,
on the basis of laboratory measurments, the coefficient of friction between two

S-sands of different gradation (one with angular and the other with rounded
particles) in contact with portland coment mortar, steel, teflon, and graphite.
In the static tests, loads were applied at a uniform rate until slip occurred
in approximately 5 minutes. Dyoasc lods were applied by means of a shock tube,
which produced a step-like forcing function; slip usually occurred in approxi-
mately 2 milliseconds or less. It was found that the coefficients of friction
depetd on the relative 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 comparison with the s"ad particlea, the coefficient of friction
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approaches the coefficient of internal friction of the sand. Both graphite and
teflon serve as friction reducers, oompared to the plain surfaces, irrespective

of the rate at which slip is initiated. For plain steel or cement mortar, the
dynamic coefficient of friction was greater than the static coefficient of
friction by about 25 percent, unless the static coefficient was such that sand/
sand 3lip 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 PARTIALLY SATUFATED
SILT WITH APPLICATIONS TO SHOCK-WAVE PROPAGATION
29(601)-6002: The Eric H. Wang Research Facility, University of New Mexizo,
Albuquerque, New Mexico
May 1966
U

Computations relating to wave propagation through soil are dependent on
adequate methods of determining the necessary dynamic soil parameters. To study
methods of obtaining these parameters, static and dynamite, one-dimensional compres-
sion, crianial, and red-vibration tests were performed on silt epecimens compacted
at moisture contents of 8, .12, and 14 percent. The 'initial static pressure was
varJrd t( simulate an increase in geostatic stress with depth. Pressures of
15, 45, 75, and 100 psi were used as initial static surcharge pressurea in the
dyauaic, one-dimensional tests, and as confining pressures in the triaxial tests.
The r,7- "t3 are presented in the form of stress-strain and moduli plots with
comparizrons between the varioua test methods. Based on experimenLal results,
a model was proposed for representing the stress-strain Te!ationshlp of soils
during locking behavior. This model, together with the equation of momentum and
the shock condition, was used to develop the equations governing stress attenua-
tion, shock-front velocity, and shock locerion in R norlinear medium. A para-
metric study of str attenuation with depth was conductd to illustrate the
sivfiiicance of the method of analysis.

AWL-TR-65-178 AD-483 472
STRUCTURE-MEDIUM INTERACTION IN A NONELASTIC MEDIUM
29(601)-6680: Science Engineering Associates, San Marino, California
May 1966
U

The interaction of a pla-:,: dilatational wave with a circular cylindrical
inclusion buried in elastopla,;tic medium is studied. The cylindrical inclusion
is rigid and stationary and of Infinite lerth, The surrounding elastoplastic
medium exhibits a bilinear stress-strain - ý.tionship concave towards the strain
axis. The incident plane dilatational wace travels in a direction 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 stop correspond to yielding of the
medium. This will cause yielding in the medium as the wave is reflected cff Lhe
cylindrical obstacle, using Kirchhoff's terms of surface and volume integral
equations. These equations are solved by means of finite-difference approxlia-
tions of the integrals. A computer program was written to evaluate the boundary
stresses as the incident wave engulfs half of the cylindrical inclumions.
Numberical results obtained for, wave front stiesses show excellent agreement with
those obtained using high-frequency wave fiont azalysis.
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AFWL-TR-65-180 AD-630 792
A STUDY OF THE PROPAGATION OF STRESS WAVES IN SAND
29(601)--6002: The Eric H. Wang Research Facility, University of
New Mexico, Albuquerque, New Mexico
March 1966
U

The propagation of near-failure, soft-fionted stress waves in 5-foot-long,
l-inch-diameter, unconstrained rods of dry 20-30 Ottawa sand is studied. The
input is created by a shock tube, modified to yield soft-fronted, long-duration,
air-pressure leadings. Primary data are displacenent-time iistories from seven
stations along the rod, read by light-sensing gages designed for negligible
inertia and friction; secondary data are stress-time hiaýories at the input and
the rigidly held reaction ends. Static, dynamic, and additional static triaxial
data are given. Variables are applied ambient stress and sand density. From
findings that the material is strain-rate insensitive and follows Coulomb's
failure law at subfailure stresses, the following observations of wave-propagation
parameters for above-seisnic stresses and a specific material 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 engineering purposes,
and (3) waveform parameters are much less sensitive to small errors 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-65-191 AD-478 879
M1LTIClAUNEL TIME-OF-ARRIVAL INSTRUMENTATION SYSTEM
In-house (Michael Robinson)
February 1966
U

To fill the Air Force's need for a low-cost-per-channel instrumentation system
to accurately meaaure the propagation cf soil stress waves, an experimental
6-channel Time-of-Arrival system was dev~eloped by the Research Division of
General American Transportation Corporation. Upon delivery of this prototype
system to the Air Force Weapons Laboratory, an evaluation program was initiated
to determine its 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
ou 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-house (R. 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 centrol-
ling criteria.

AFNL-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-
sented. 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 81-millimeter and 4.2-inch mortar rounds. All
four test walls prevented the perforation by 30-caliber, 50-caliber, and 20-
millimeter azmunition. The test walls also prevented the perforation by shrapnel
from 81-millimeter mortar rounds detonated 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.

UVWL-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, New Mexico
July 1966
U

An 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 ratio, Reynolds
number, 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 front. Tests per-
formed with a high-pressure, combustion-driven shock tube to a shock strength of
68 show very good support for the attenuation equation and the kinetic-theory
approach to its derivation. A rough-wall theory, previously 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 tests necessitated the use of peaked shock
waves which, in addition to viscous attenuation, exhibit attenuation by wave
expansion. Therefore, a wave-expansicn theory, previously developed by the
author, was used and is consequently found to 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 characterisc±cs data are presented for use by civil engineers in
the layout, design, and evaluation of airfield pavement systems. Aircraft dimen-
sions, pertinent gross weights and performance data, and landing gear configura-
tions are presented in convenient reference tables.

AFW-TR-65-207 AD-633 887
SOIL STRAIN GAGE INSTRUMENTATION
29(601)-6410: IIT 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 soil in near parallel and
concentric orientation. The remainder of the gage comprises an identical set
of coils positioned external to the soil as a standard reference, specially
designed electronic driving, amplifying, and recording circuitry, and a pre-
cision micrometer coil mount. Soil deformations are determined by the resulting
change in spacing of the embedded coil disks sensed as changes in mutual coil
inductance. The gage is a reliable 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, California
June 1966
U

A calculational program is described which has been directed toward prediction
of shock strength and ground motion resulting from chemical or nuclear explosion@
contained in or on the surface of geologic materials. Two-dimensionaal time-

dependent computer codes have been developed that can be applied in the high
pressure region near the explosive source where violent dietortion develops, as
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well as in lower pressure regions where 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.
Calculations are reported of TNT explosions at the surface of limestone and buried
in a layered soil.

AFWL-TR-65-224 AD-629 607
SIMULATION DEVICES FOR USE IN STUDIES OF PROTECTIVE CONSTRUCTION
In-house (J. A. Mahoney)
"February 1966
U

This report contains information on dynamic loading simulation devices that
were either designed 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 andlocation, (3) the loading characteristics, (4) the
physical description, (5) the driver used, and (6) a short discussion concerning
the device and its present use. Pictures and diagrams are also furnished for
the majority of the devices.

AIPL-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 were 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
facility 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.

API.L-TR-66-19 AD-485 510

THEORY AND STRUCTURE OF THE AFTON CODES
29(601)-6683: Nortrcnics, A Division of Northrop Corporation, Newbury Park,
California

June 1966
U

A procedure for writing finite difference analogs of the principles of
continuum mechanics is presented. The method leads to analogs of the integral
statermts of mass mnd momentum conservation, and the first law of thermodynamics,
which are act undar two imple discretisation assumptions, and which imply an
exactly conservative finite difference equation for the total energy. The Method
and the eqdations which follow from it apply to general systems of continuous

nodia, hydrodyamic or otherwise. The finite difference equations form the basis
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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 one-
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 diverging 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 pointo, 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'Koorick)
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 is proportional to the square of the range). It is then assumed that this
function is a general relationship of which the spherical geometry is only a
special case. Layered media are then studied by geometrically constructing the
relationship for the area of the infinitesimal tube of compressional rays trans-
mitted through the int irface. 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 1-kiloton source is placed at distances between 20 and 200 feet frcm the i-nter-
face in the tuff and granite. One interesting result is a knee in the peak-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- 48 248
DEVELOPMDNT OF AN UNLINKED LONG SPAN STRAIN GAGE
29(601)-6810: lIT Research Institute
September 1966
U

Measuring the relative displacement of widely separated 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 gage*. This
program was concerned with determining the feasibility of developing unlinked
gages to easure the displacement. The unlinked concept involves the transfer
of energy between the extremes of a vertical hole in the soil, Techniques studied
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were electfomagnetic, 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
system 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 is 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 aetermined.

AFWL-TR-66-47 AD-804 472

DEVELOPMEN AND EVALUATION OF PROTECTIVE REVETMENTS
In-house (D. D. Piepenbu.-0

November 1966
U

Revetsent wall sections construction 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 amunition, mortar rounds

statically detonated at elevations lose than 12 feet and at any range, 3.5-inch

Lgh Explosive Antitank (RAT) rockets, and shrapnel resulting from the detona-

tion of a 750-pound bomb 10 feet from the wall. The steel sheet piling wall

provided perforation protection against 30-caliber ball ammunition only, but may

result in untrapped ricochets on the front face of the wall. Fifty-caliber and

20-millimeter amainition and mortar rounds caused perforations in the piling,

produced secondary projectiles, untrapped ricochets, and shrapnel on the front

face of the wall, and spalled the sheet piling, producing shrapnel and secondary

projectiles on the rear face of the wall. The fiberglass wall provided protec-

tion against small arms amunition and mortar rounds statically detonated at

elevations less than 11 feet and at any range. The fiberglass wall did not pre-

vet the perforation of the core from a 3.5-inch HEAT rocket. The corrugated
asbestos wall provided protection against 30-caliber and 50-caliber ammnition.

Tventy-aillizmter eamnltion and 3.5-inch HEAT rockets did considerable damage
to the well.
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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 Engineering 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
lii 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 !-ches could not be penetrated satisfactorily by the Zenith
Flash X-Ray System. However, recent preliminary tests (June 1965) with a 300-kv
Field Emission 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
problemu of intensity and film transportation are great; (2) that more refined
techniquns and improvements are needed to collect quantitative information; and
(3) that the inadequate sLate 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: lIT Research Institute
September 1966
U

A study was conducted to review the characteristics of ava!.lable piezo-
resistive materials and evaluate their suitability as transduc..ers for soil stress
gages. The scope was limited to gages for measuring one component of static
and dynamic freefield stresses. Three concepts were considered theoretica•ly:
(1) piezoresistive strain gage elements mounted on a deflecting diaphragm,
(2) solid piezoreststive elements in direct compression, and (3) solid piazo-
resistive beam elements subjected to bending. Gages were designed and fabricated
to test each of these concepts. The most satisfactory overall results wore
obtained with the diaphragm gage. Four such gages sere delivered to AFWL in
fulfillment of the contract requtrements. The compression gage has merit, but
there remain many fabrication problems to be overcome. Further effort vill 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 gageo in
soil is one of the most important activities that ueeds to be undertaken.
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AFWL-TR-66-54 AD-803 631
PROTOELASTIC STUDY OF WAVE PROPAGATION
29(601)-6696: lIT Research Institute Technology Center, Chicago, Illinois
October 1966
U

This research program was conducted to study some fundamental aspects of
vaw 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 photoelasticity. 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 model with an acousti-
cal Impedance mismatch of 6 to 1 was used for most of the work. In this model
six different wave types were clearly identified. Three of these waves were
headwaves. In the region near the source the predominant waves were the incident
P1 wave and the reflected PIS, waves. In regions away from the source the head-
waves dcainate since their rate of attenuation is much lower than the rate
associated with the incident and reflected shear waves. The results from the
models with an explosively loaded cavity indicate that a high inteiusity shear
wave 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 cannot be obtained.

AFWL-TR-66-56 AD-801 912
STRESS WAVE PROPAGATION IN CONFINED SOILS
29(601)-6717: lIT Research Institute Technology Center, Chicago, Illinois
October 1966
U

Phenomena involved with the propagation of air-induced stress waves in soil
were investigated in experiments on Edgar Plastic Kaolin (Efl) clay and Ottawa
sand. The principal soil variables were moisture content and density in the case
of clay, and density in the case of aand. The soil specimens were loaded with
overpressures in the range of approximmtely 50 to 300 psi. Two overpressure
wave shapes were used, one where peak overpressure had a dwell time of approxi-
mately 1 meoc and the other where peak overpressure had essentially a zero dwell
time. Stress-time ad strain-time relationships were measured at various points
along the length of the specimens. Peak stress attenuation, strain and strain-
rate relationships, propagation velocity, changes in wave shape, and stress-strain
relationships are discussed in the light of the data obtained. Experimental dua
are compared with theoretical predictions of a linear hysteretic wodel in the
cas of Ottawa sand. and a constant tan 6 viscoelastic model, in the case of the
ME clay. It was found that in both cases the theories could be used to predict

the expertimental results with proper evaluation of critical attenuation parameters
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 i-astitute
September 1966
U

This study represents the first iyctematic approach ever undertaken to
determine the technical feasibility of using sulphur combined with various types
and sizes of natural an= crushed aggregates as a structural material. In this
program, the engineering properties of sulphur co-lbined with the various single
aggregate gradations were determined. Following this, the engi•eering proper-
ties of mixtures of sulphur ,rnd fine and coarse aggregates ,ere determined.
High early strengths in the range of 4,000 to 6,500 psi in compression were
obtained when using a physically poor aggregate such as limestone. The mixtures
were studied for workability, and a mix design was prep ired such tict, in the
future, by referring to this mix design, proportions of mate•i•ls may be selec-
ted at will.

It was demonstrated that sulphur-aggregate concrete can i±deed be looked upon
as a structural material possessing a variety of outstanding characteristics
including sim;licity of formulation, ease of preparation, insenstitivity to
ambient temperature conditions, and high early strtngths. In addition to this,
these mixtures are iow in cost and have fhe potential of belng broken up,
remelted, and used again upon completion of their useful life in a giv-eu
application.

APWL-TR-66-59 AD-375 983L AD-375 983L
STATISTICAL DESIGN PROCEDURES FOR 5HOCK ISOLATION SYSTEMS
29(601)-678B: �echnology Incorporated, Vayton, Ohio
September 1966

Prom'the analysis of acce.•rationm-ie h.otories of veitic•.l. earth mtion,
a nttistcl". desip procedurt for shock isolatiob tattim iA. Underground pro-
tectirv tiuctur"• was eovzd. Doata yieldin$ the • bistarii were coliected
du•injg pas. •iasphtri- *uclear tett* emducted by the Uuttd Stýates at. Nevada
and giiveta,. Thea data proved to lack both stati•narity and e*godictty. After,
statistical propqrioes had beai dedu'ed fro0 a edap lly prop~ered nor~mlizatloo
technique, rhey were ocili-td to 41-velop A stea-4-•t•ep pr ad-oe or n*e desigu
of sinlle Cegrooof-f *edo sinsrground y

AWL-TR-66-63 A•1-378 975L
EKFYTS Of SOURCE GBO*nVhT OI IND4Cr Q NDTICONS
In-house (J. J. O'Kob•i•k)
January 1967
S

The feasibility i~ increasing d-"W~ g'rd~ tioas by 'i-5asing the
geometry f an eaergy source, weas *tuwi . f iteh mi•oe tan generate shock vsaas
that are more planar than opt-rical' th -. due to soa-.
tial dispersio cau be redutx.. Zxpe.ttXta1l A*,t aoretticzl progame were
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conducted to investigate this possibility. The experimental program consisted
of three field tests, two tusing 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 -'Irface 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
geoaetric uttenuation, but that the ground motions from the spherical charge
were higher down to a vertica. stress of 110 psi due to greater energy coupling.
Theoretical models were developed for a thin circular and a finite spherical
energy source. These models could not be used to obtain quantitative results,
but did indicate that ground motion attenuation was less for the circular source.
A normalization technique was used to correlate the theoretical curves with the
experimntal dita and good correlation was obta'ned. It is concluded that a
disc-like energy sourcc ia less effective than t spherical source because a disc-
like source can, at best, produce higher vertical ground motions in a very
limited region.

APOL- MR-66-bl AD-816 183
RESPONSE OF CLAY TO SHOCK LOADING
29(601)-6610: Purdue University, Lafayette, Indiana
June 1967
U

Axisymmetric, compressional shock waves with initial rise times and peak
stresses leqa than 0.1 millisecond and at least 1,000 psi, respectively, were
propagated thLough a comacted clay soil by detonating an explosive cord along
the axis of the sample. Piezoelectric stress gages and spool-type strain gages
embedded within the soil mwasured stress and sLrain with tine and radial distance.
Measurements were made in all three princinal directions except that strain
measureaents could not be obtained in the a :itl direction. Both the incident
and peak stress wave velocities were found to be independent of radial distance.
The rate of peak stress attenuation was teater than that which could be 4ttri-
buted to geometric attenuation in an elastic medium. Tensile stresses were both
observed -nd computed in the radial, tangential and axial directions. Meat red
strains In the radial and tangential directions shoved a significant time lag
between peak stresses and peak strains.

AWL-TI-66-83 AD-489 889
GUVATION OF AN ELASTIC WAVE BY QUASI-STATIC ISENTROPIC EXPANSION
OF A GAS IN A SPERICAL CAVITY: COMPARISON 9MINE FINITE DIFTRENCE
FUNICTIONS MED THE EXACT SOLIMTON
In-houas (H. F. Cooper)
September 1966
V

The exact solutlon is obtained for the spherical wave generated by the
quasi-static expansion of a "gsas law" gas that fills a spherical cavity con-
tained in an elastic radius. The results from several parmetric studies
involving the partlcle velocity, the stresses, the "hydrodynamic" pressure, sand
the stress deviators are presented. Results from a typical Lagrsigian finite
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difference technique are compared with the exact theory in order to estimate
errors that may exist when these techniques are used to calculate numerical
solutions for problems that have no exact solution.

AFWL--!- 066- 84 AD-800 26Lý
USE OF DISTORTED MODELS IN THE STUDY OF DYNAMICALLY LOADED
UNDERGROUND STRUCTURES
29(601)-6797: Iowa State University of Science and Technology, Ames, iowa
October 1966
U

An experimental investigation on the use of small scale models to predict
the dynamic response of underground structures is described. Earlier 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 geometricall" similar models were tested in four naturally occurring soils.
Two of 'he soils were classified as silty loam, one as clay, and one as silty
clay. The soils varied in clay content from 16 percent to 47 percent and the
moisture content was approximately 15 percent. The models used were hollow
aluminum cylinders, ranging in diameter from 1 inch to 8 inches. Each cylinder
was instrumented with a strain gage and an accelerometer. Dynamic 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-
uictiu.±s cannot be made without accounting for the distortion. A method is
developed for the use of distorted models and it is shown to correlate the data
satisfactorily.

AIWL-TR-66- 55 AD-822 085
SIMU.LATI ON OF AIRBLAST-INDUCED G)OUND ?S)TIONS PHASE IIA.
In-house (J. L. Bratton and H. R. Pratt)
October 1967
U

The results of the Phase IIA, High-Explosive Simulation Technique (REST)
experiment are presented in the form of reduced data. A comprehensive analysis
is not presented, although irregularities in the data are discu-sed. The experi-
ment simulated airblast loading from a nuclear burst by detonating a contained
Primacord matrix over a plan area 88 feet by 100 feet. The peak overpr"sure
was 598 psi, the total impulse 19.25 psi-see, the total duration was 172 maec,
and the shock front velocity was 5640 feet ptr second. hasurAsents cf freo
field stress, strain, particle velocity, particle acceleration, tim of arrival
of the wave front, and long span displacement were made. ?e•he data are presented
as plots of peak values and tim histories.
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AFWL-TR-66- 86 AD-381 6,1
STRUCTURAL RESPONSE OF A HARDENED UHF ANTENN'A (437B-4)
In-house (R. H. Atkinson) Combined effort with
University of New Mexico (CERF) (G. Triandafiledis)
April 1967
S

This report documents an investigation cohducted by the Civil Engittsering
Branch, Air Vorrsa Weapons Laboratory, on the overpressure and ground shock
loading, dynamic response, and hardness of the 437B-4 hardened UHV anteana.
The investigation consisted of a HEST (High-Explosive Simulation Technique)
experiment, static strength testing, and theoretical studies. An experimental
door closure device and a model air intake structure were also included in the
HEST test. The REST experiment provided an applied overpressure and an input
grounl motion to an instrumented operational 437B--4 antenna. Free-field instru-
wentat4ton was provided to measurc the input loads to the antenna. Instzumenta-
tioa of the cincrete foumdation and various parts of the aatenns was provided
to measure the resulting dynamic response° In addition, VSWR (voltage standing
wave ratio) measurements were conducted before knd after the HEST test to
determine any change in the operating efficiency of the antanna resulting from
the glast and ground shock loading. The static test prog•ram Iivestigated the
stiffness and failure levels associated with vertical and horizontal motions of
the transmitting probe. The analytical studies predic.ted the structural response
under the HEST loading and extended the REST results trý the ucleadr icading.
Conclusiono were drawn regarding the validity of HEST as applied to testing
this type of structure and the nature of the anteama response. The survivability
of the antenna to the nuclear environmnt was estimated.

AFWL -T.-66-I1. AD-807 447
COYPUTATION BY THE METhOD OF CuiRACTERISTICS OF D!STURSANCE
IN AN ELASTIC HALF-SPACE CAUSED BY BLASTLIUKE SUFFACE LOAD'ING
29(601)-4283: Stanfo-d Research Institute, Menlo Park, Californi&
January 1967
U

Details of the disturbance in the erth due tv, blast loading above its
surface are important in protective structute design and elsewhere. A method
for computing those details in the simple ca*e of an elastic earth will provide
qualitative data on r arth response and can be extended later t. more realistic
media. The computation by the. method of characteristics developed in this
report locates propagating shocks and gives their strengths precisely. It can
provide the other details of the disturbance field with irbitrary accuracy
through refinei-nt of the finite difference mesh. Since the equations represent
Smedium without dissipation, their stabilization is a major difficulty. This
stability problem has not yet been solved completely so that no numetlcal
results of engineering uaefainess are presented. The continuation and comple-
tion if the development of Lhe present: exact caiculation method is recommended
so that zesults of simpler, approximate methods for non-elastic mc dia can be
checked.
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kAL-TR-66-118 AD-805 719
SHOCK WWLADING CHARACTERISTICS OF POROUS GEOLOGICAL MATERIALS
29(601)-6699: I:T Research Institute, Chicago, illinois
Jantary 1967
U

The shock unloading character:* :itcs of porous geologic materials have been
determined for a nimber of pertinent variables. Experiments have been conducted
on dry volcanic tuff for three different values of initial density. These experi-
ments indicate that the unloading character.istics are essentially independent
of the initial density and that a rather universal set cf unloading curves exist.
A series of experiments was conducted on wet samples of volcanic tuff. These
exoeriments indicate that the moisture content is an important parameter and
that the energy recover; can vary from approximately 20 percent of the internal
energy for dry samples to 100 percent for completely saturated samples. A 50
percent saturated sample yielded a recovery factor of approximately 80 percent.
Experiments were conduct3d on dry ,andstone samples and established the exis-
tence of a phase transition in the Hugoniot at approximately 220 kilobars.
Unloading data were also obtained on dry stndstone at three different stress

* levels. These unloading curves were similar to those for dry volcanic tuff.

AIWL-TR-66-122 AD-805 664
A GEOMETRIC TECHNIQUE FOR STUDYING SURFACE MOTIONS FROM UNDERGROUND
NUCLEAR EXPLOSIONS 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 used to examine the effect of geologic layering on the surface peak particle
velocity associated 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
divergence of the rays, as well as the distance that wave travels. Data from
contained nuclear explosions in '"homogeneous" media are ubed to determine the
relationship between the peak particle velocity and the divergence of the rays.
This empirical relationship is then used for layered media, 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 data from experiments in layered media
are presented. It is found that a nnmber of previously unexplained departures
from what was measured and what might Intuitively be expected are qualitatively
and sometimes quantitatively predicted by this technique. It is emphasized that
layering between the source and the free surface (which usually occurs) can have
a profound and deceiving effect on the surface motion, 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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APWL-TR-66-124 AD-809 275
PROPERTIES OF ROCKS TESTED IN ONE-DIMENSIONAL COMPRESSION
29(601)-6587, University of Utah, Salt Lake, Utah
January 1967
D

An apparatus has been developed and used to obtain static stress-st an data
on rock and soil samples in one-dimensioral compression. This report describes
tt- design and method of use, and reports test results obtained on several
types of rock and sand specimens. A 4-inch diameter specimen with height up
to 2 Inches is contained in a thin-walled steel cylinder. This cylinder is
contained in the main pressure vessel which has a pressure cavity surrounding
the specimen. Load is aplied through a load cell on top of the specimen by
a hydraulic press. An operator maintains a constant zero balance on strain
gages bonded to the thin steel cylinder containing the specimen by pumping
hydraulic fluid into the pressure cavity, thus nullifying the tendency of the
test specimen to expand laterally as it is compressed axially. Axial load and
deflection are recorded on an x-y plotter frow aignals 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 sand to 30,000 psi. Test data for both rocks and sand are presented in
this report.

AWL-TR-66-134 AD-819 668
CALIBRATION OF A VERTICAL SHOCK TUBE AND ITS ASSOCIATED SOIL BIN
29(601)-6002: University of New Mexico (CERF), Albuquerque, New Mexico
August 1967
U

This report covers the results of axperiments performed to calibrate the
Civil Engineering Research Facility 2-foot by 40-ioot 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 (PETN) detonated in
the shock tube and to measure air shock velocity, incident pressure, reflected
pressure versus time, soil. wavefront velocity, soil 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 Include 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 Cive some idea
of the scatter to be expected from such instrum-entation. Displacement versus
time records derived from the strain versus time records are included. By dif-
ferenti&tion of displacement versus time records$ estimates of peak particle
velocity were possible. It is concluded that the apparatus can be used in its
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 FOE-FIELD BEHAVIOR OF DENSE
SAND SUBJECTED TO SHOCK LOADING
29(601)-600?: University of New Mexico (CER?), Albuquerque, New Mexico
February 1967
U

SThe 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-

j deep soil test container subjected to shock loading from a 2-foot-diameter by
65-foot vertical shock tube. Thirty static tests (25 stress-transmission and
5 stress-strain) were conducted. Twenty dynamic tests (13 with and 7 without
mem:'anes to reduce wall friction) were conducted in which soil stresses and
velocities with depth were measured. In 1.6 tests, a wide flange beam support
system was used; in 2 tests a polystyren. foam support was used for the sand;
and in 2 tests a concrete support was used for the bin. Shock pressures to
nearly 50G psi were used in the dynamic tests. Dynamic tests showed that if the
wall boundary 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 W.F supporz boundary reflected both decompression and compression
waves; the concrete support, only compression waves; and the foam support. only
decompression waves. For the rigid and yielding 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 eAisting system and a proposed new
system are outlined.

AFWL-TR-140 AD-824 037
ULTIMATE LOAD-BEHAVIOR CURVES FOR REINFORCED CONCRETE FLEXURAL HEMBERS
29(601)-6002: University of New Mexico (CERF), Albuquerque, New Maxico
October 1967
U

This report consists of 210 graphs of an equation relating shear stress to
the following variables: average concrete stress, maximum concrete stress,
concrete cylinder strength, reinforcing ratio, ultimate compressive concrete
strain, 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 concrete
beams with only tensile reinforcing at ultimate load!
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AWPL-TR-6% -146 AD-816 665

WAVE-PROPAGATION STUDIES IN LATERALLY CONFINED COLUMNS OF SAND
29(601)-6002: Un.-ersity of New Mexico (CERF), Albuquerque, New Mexico
June 1967
U

An experimental study of the relationship between pertikent wave-propagation
parameters and the one-dimensional stress-strain behavior of two sands was con-
ducted. The stress-strain relation 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 slender colum 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 laboratory 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 psi. The results indicated the shocking-up of the soft-fronted input
pulse that could be predicted from the laboratory stress-strain curve. The
particle-velocity versus wave-velocity relaticnships dictated the change in
shape of the kinematic pulse and could be predicted using a sacant 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-auec stable rise time was also observed to form in 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.

APWL-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, Urban&, Illinois
May 1967
S

The free-field data and the structural model loading and response data from
the Phase II and Phase IA HEST tests were studied in an effort to explain
theoretically the observed response of the structural research model. Primary
emphasis was placed on the Phase ILA results because the loading was more intense
and the data were more complete and were available in original form. The p-in-
cipol conclusions that were drawn from this study are the following: (1) The
free-field data were qualitatively reasonable when considered collectively, but
individually were subject to substantial uncertainty. The velocity data are
considered to be the most reliable of the several free-field parameters
measured. (2) The measur.d 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
measured maximum vertical strains in the upper chamber walls in the vicinity

of the critical section. Similar agreement between measured and computed
&trains was not obtained elsewhere on the upper chamber. (4) The depth of the
son* of influence of the upper chamber footing pressure appears to be somewhat
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.

AFWL-TR-66-154 AD-809 210
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.

Aircraft 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 booms 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 truss are found in Appendixes II1, IV, and V
respectively.

AFWL-TR-66-155 AD-811 447
SOIL STABILIZATION FOR CONSTRUCTION OF LOW-STRENGTH
AUSTERE LANDING STRIPS
In-house (R. R. Vadnais, Jr.) Combined effort with
University of New Mexico (CERF), Albuquerque, New Mexico
29(601)-6002
March 1967
U

The Air Force Flight Test Center (APFrC) at Edwards Air Force Base,
California, has a long-standing interest in construction of austere test strips
for the purpose of eval &ting the performance, landing, and takeoff of certain
aircraft (especially the F-111A) under unfavorable foundation conditions. This
report presents data on the subsoil conditions at Edwards AFS and the feasibility
of preparing and maintaining subsoil conditions with CBR values varying be aeen
3 and 20. Theoretical considerations for the design of austere test strips and
use of local material for preparation of the required test beds are also
presented.
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ANVL-TR-66-160 AD-810 163
AN ANNOTATED BIBLIOGRAPHY OF PROTECTIVE STRUCTURES RESEARCH
In-house (Mrs. Mary J. C. Garcia)
February 1967 *

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 sumaries are from reports published by the
Civil kIgineering Branch, Development Division, Air Force Weapons Laboratory,
and predecessor organizations from July 1951 to December 1966. The bibliography
is arranged in five sections. Section I contains edited abstracts of technical
ansoroada, technical notes, technical reports, and technical documentary reports.

V• 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 lists reports by subject area;
Section V gives a listing by contractor.

ALPWL-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 Illinois, Urbana, Illinois
August 1967
U

This report presents the results of an analytical research effort aimed
toward defining the degradation of structural integrity that may result when
design co'nditions are not met during the construction of hardened facilities.
Parmtevs of primary concern were: (a) variations in the soil resistance
around a buried structure (nonuniform backfill properties); (b) variations in
Zhe structural geometry (improperly enforced construction tolerances); (c) vari-
ations in structural material properties. A computer program was developed to
study the influence of variations in these parameters by representing the
structure-soil system by a lumped-paromater model and solving the resulting
equations by numerical Integration. The program is restricted to planar
reinforced concrete structures, with particular emphasis on buried arche: and
cylindrical structures. The program considers both elastic and inelastic
response of the structure under any combination of axial force and bending. It
is also capAble of representing a variety of multilineax blast pressure pulses
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. O'Brien and J. E. Sekuiika) Combined effort with
Boeing Company (R. H. Carlson and G. D. Jones)
29(601)-6787S~April 1967

U

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 md 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-buried
spherical charges were R - 1.30 W0 2 7 I Da - 0.42 W0 .2 8 ; for apparent craters
formed by hemispherical carges: Ra - 0.48 W0.37, D W 0.06 W0.47.

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 rauii, respectively.

AFWL-TR-67-8, Vol. II AD-818 654
MULTIPLE THREAT CRATERING EXPERIMENT, VOLUME II: GROUND MOTION
IN ROCK
In-house (J. H. Gee)
July 1967
U

The Multiple Threat Cratering Experiment (NTCE) was conducted during

June-July 1965. The ground motion portion of this experimnt was intended to
study the particle velocities, strain, accelerations, displacement, and propa-
gation characteristics of a hard rock medium. Forty-eight gages placed in three
bore holes were used to measure the ground motion of eleven shot* ot the NTCE
series. Nine of the shots were 4,000-lb spheres with the remaining two being
a 16,000-lb sphere and a 16,000-lb haeisphere. The depth of burial ranged from
surface tangent to fully buried. Due to probleme involving gage calibrations,
gage placement and orientation, mnd electrical transients, only arrival times
and some down-hole magnitude measurements provided enough data for comment.
The arrival times indicate 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 31-foot difference in elevation between the north and south
holes. The up-slope velocity for any given area appears to average approximately
450 fps faster than its down-slope equivalent.
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AFWL-TR-67-12 AD-822 142

TONEDOWN TREATMENT OF RUNWAYS--STATE OF THE ART
129601-67-0040: 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 well as personal contacts were cnnducted with both governmental and
indastrial sources. All pertinent data were collected including such factors
as costs, drying times, abrasive chrracteristics, etc. Special emphasis was
directed toward those materials having possible use in Southeast Asia (SEA)
environments. A wide range of materials was investigated, ranging from light
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
as airfield tonedown agents in SEA. Additional testing of these materials is
necessary to determine the most suitable materials for various operational
requirements.

AFWL-TR-67-15 AD-823 129
EVALUATION OF A 400-CUBIC-FOOT SOIL BIN LOADED DYNAMICALLY
BY A LAWS 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
wave front inclined approximately 21 degrees to the horizontal. Soil stress and
strain were measured by instrumentation 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, attenuation 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.

APWL-TR-6 7-16 AD-821 823
AN EUIERIMEUTAL INVESTIGATION OF THE DYNAMIC RESPONSE OF MODEL
SILO.-TYP3 STRUCTURES IN COHESIVE SOILS PHAS I, SOIL PROPERTIES
29(601)-6811: University of Illinois, Urban&, Illinois
October 1967
U

A series of static and dynamic triaxial and one-dimensional compression
tests was 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 porforcad as the first stage of a general investigation of
the interaction of cohesive soils and buried silos. The physical properties
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I of the specimens were studied as functions of water content at compaction,
Sstress level, and loading rate. Triaxial compression tests were performed

using confining pressures ranging from 10 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.

APWL-TR-67-21 AD-818 424
EXPONENTIALLY DECAYING PRESSURE PULSE MOVING WITH SUPERSEISMIC
VELOCITY ON THE SUTIFACE OF A VALF SPACE OF GRANULAR MATERIAL
29(601)-7082: Paul Weidlinger, New York, New York
July 1967
,T

An approximate solution is given for the effect of aa exponentially
decaying pressure pulse traveling with superseismic velocity on the surface
of a half space. The material of the half space is an elastic-plastic model
of a material having 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. It. 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 in 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-814 165
COMPARISON STUDIES OF FINITE DIFFFRENCE R!SULTS FOR EXPLOSIONS
ON THE SURFACE OF THE GROUND
In-house (H. F. Cooper)
May 1967
U

This report discusses the numerical results from four finite diffetencc
codes (AFTON, FLU, OIL, and PIC) for two initial value problems involving the
geometry of a surface burst. The problem geometry, constitutive relation, and
initial zoning were specified by the author, and hydrodynamic Culerian calcu-
lations were performed by the companies responsible for th@ development of each
code. The results show significant inconsistencies in peak pressure and velocity
attenuation curves, pressure and particle %elocity spatial profiles, and time
of arrival plots. The general conclusion is that the inconsistencies can be
traced to the handling of the numerics, primarily rezoning procedures. The
degree of the inconsistencies indicate that numerical errors in many current
state of the art high pressure Eulerian calculations may be on the order of a
factor of 2 or more.
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AJVL-TR-67-27, Vol. I AD-818 301
NUMERICAL 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
U

Results are presented here of a study to determine nunierical solution errors
in two-dimensional hydrodynamic calculations of surface bursts. The changes in
solution errors due to variations in mesh point distribution are studied in one
and two dimensions; the results of the investigation are applied to improving
the solution to a two-dimensional problem. A method is described which 1llis
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 between mesh points.

AFWL-TR-67-28 AD-822 144
AERODYNAMIC EFFECTS ON A STmucTuf OSCILLATING WITHIN A CONFINED CAVITY
29(601)-6126: Agbabian-Jacobeen Associates, Los Angeles, California
October 1967
U

The influence of aerodynamic forces on shock-isolated structures oscillating
inside a confined cavity was investigated by defining aerodynamic terms with
analytical and grapho-numerical procedures and incorporating them in the equations
of motion of a three-degree-of-freedom system subjected to a travsient velocity
pulse having vertical and horizontal components. A computer solution was
developed for a parametric study of several geometric configurations and
frequencies. The results are interpreted in term of the influence of the aero-
dynamic forces oe response accelerations and rattlespace requirements. In
general, this intience is very small for the practical ranges of interest of
structures with small aspect ratios having small clearances between cavity and
structure. An experimental program is recounnded to perform simple tests to
verify thd estimeted *ffect of aerodynamic forces and to develop a basis for
scaling results from a limited number of teats.

APWL-TR-6 7- 50 AD-820 672
EVALUATION OF SOIL STRAIN GAGE INSTRUMENTATION
29(601)-6002: University of Now Mexico (CUM), Albuquerque, New Mexico
August 1967
U

A soil strain Sag* instrumentation system, developed by the Illiots
Institute of Technology Research Institute (IITUI) for zhe Air Force Weapons
Laboratory, having the unique feature of no support column between the strain
sensing elements was evaluated dynamically in soil loaded with a nominal 100-
or 1,000-pst shock-wave pressure pulse. The average dynamic calibration In
Ottawa 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 TITRI were repeated at Cn?. The repeatability of measurements is
indicated by standard deviations around 25 percent. It was demot~trated that
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multigapp" arrm,gements are feasible for laboratory and field applications. The
beginning of the strain-time traces usually contained a spurious spike, which
could not be attributed to actual strain information. The results of a & riea
of tests now indicate that the spiking is probably due to noise generated by the
shock in the cable connectors.

AFWL-TP-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 Mexico
October 1967
U

Large-stale static tests were performed on deep reinforced concrete beams.
Nominal concrete strengths for all tests varied between 2,500 and 4,000 psi, and
intermediate-grade ASTM A 15 reinforcing steel was used. All beams were simply
oupported. Tests consisted of thirteen test beams of three span-depth ratios,
1.66, 2.67, and 3.62, subjected to a uniformly distributed load. Beam 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 web reinforcing were varied. Numerous modes of failure in shear were
observed as beam configuration was varied. Modes of failure transitioned from
shear to flexure as span-depth ratio iucreased and amount and orientation of web
reinforcing were varied. Te. data were correlated with mathematical models
derived in this study and from models developed by otý.ars. The mathematical
models were used to investigate shear behavior for deep beasms. Equations were
developed which adequately predict the median shear behavior of deep beam 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; deflection predictions, havever, were not adequate.
Recomendati -is are made for further research with respect to development of
improved design criteria for Air Force defense systems.

AIPL-TR-67-65 AD-822 360
BEHAVIOR OF SMAJ.L VERTICALLY BURIED CYLINDERS
29(601)-6002: University of New Mexico (CERF), Albuquerque, New Mex.co
October 1967
U

Tests to determine the kateral pressures and interface shearing stresses
acting on small vertical cylinders buried in dense 20-30 Ottawa sand wets carried
out in a nominal 2-foot-diameter by 4-foot-deep soil test container. Eighteen
static teats were performed on 4-inch-diameter, 2-foot-long aluminum cylinders.
The cylinders were buried with their tops flush with the sand surface and sup-
ported on either a rigid base or a dense sand base. Three wall thicknesses werq
chosen so that the cylinder diameter-to-thickness ratios were 24, 48, and 114.
Static teat results indicated that the lateral pressure coefficient, the ratio
of the lateral pressure on the cylinder to the surface orosaure. war independent
of the cylinder stiffness. The average value ranged from 0.30 to 0.35, increasing
slightly with depth and when the support was chanrtd to the dense sand base.
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Interface shearing stresses acted dcvaward over the upper two-thirds to three-
fourths of the length of the cylinder, their magnitude being controlled by the
lateral pressure and the coefficient of friction between the sand and the
aluminum. Ten dyneaic tests were performed on the cylinders supported on P
dense sand base and loaded by a decaying surface pressure pulse. Shock pressures
to 1,600 psi were used. Dynamic tests indicated that the lateral pressure and
the interface shearing stress behavior are dependent on the length of the cylinder
ard the ratio of the acoustic veloc'ty of the cylinder material to that cf the
sand.

AFL-TR-67-69 AD-821 654
HAND SOLUTION OF ONE-DIMENSIONAL INELASTIC WAVE-PROPAGATION PROBLEMS
29(601)-6002: University of New Mexico (CERF), Albuquerque, New Mexico
October 1967

U

A method for oLtaining a numerical solution to a wide variety of one-
dimensional inelastic wave-propagation problems is discussed. The emphasis is on1nolutions to problems involving air-induced propagation in soil or rock resulting
from a nuclear detonation umder superseismic conditions. Emphasis is also placed

on hand solutions obtained using a desk calculator and drafting instruments. The
method is quite versatile in that it allows any pressure or kinematic condition
at a boundary, any nonlinear 6:-1 hysteretic material stress-strain curves, and
any layerfng of different materials. The principal limitations of the method are
that it does not treat viscoelastic material behavior, problems involving more
than one-dimensioaal behavior, and problems in which strains and particle veloci-
ties are not relatively small. Two example problems are included: one shows the
formation of a shock in a homogeneous medium, and the other shows wave propaga-
tion through a layered medium.

AFWL-TR-67-72 AD-822 964
EXPERIMENTAL VERIFICATION OF NEUTRON TRANSPORT CALCULATIONS IN
LITHIUM HYDRIDE
F296-I-67-C-0031: General Dynamics Corporation, San Diego, California
November 1967
U_

h-asurements of the high energy neutron angular flux spectrum in a sphere
of natura lithium hydride have been made by the time-of-flight method. Fa8L
neutron spectra were obtained at 0° and a radius of 25.1 cm, and at angles of
00, 19.2', 39.20, and 54.7* at the surface, which is a radius of 45.7 cm. Preli-
mtnary results were obtaired for the intermediate energy spectrum. Tie work is
a continuation of the comparison of accurate, detailed, high resolution measure-

nents. fcrmerly made in CR2 , with DTF-IV discrete ordinates and 05R Monte Carlo
calculations. The CH2 sphere was recalculated with 05R, using an angular resolu-
t 4 on corresponding to experiment, 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 ei.ponential transform as applied to the CH2 sphere problem did not
result in large reductions of variance. The lithium hydride sphere was calculated
wtth LIVF-IV, using different quadrature sets and cross sections. Agreement with
experiment is not as good as for CH2 , and further investigations are recommended.
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AFWL-TR-6 7-90 AD-821 550
A FUEEzING 1h()A -EIQUE FOR GAGE PLACEINT
In-house (C. J. Lemont)
October 19'ý7

A problem exists when gages are to be pla•ced in drilD. holes below the water
table. Freezing the soil around a propo-qd instrumentation hole was attempted
as a solution to the problem. Laboratory and field tests proved that liquid
nitrogen ';ould freeze a zone of soil around the supply tube and that an innzu•-
mentation hole, drilled iuto tat zone, would remain water-free long enough to
allow Instru.entation to be pla,ed and the hole to bc backfilled. It was con-
cluded that the freezing technique was a solution to the problem of placing
gages %Elow a static water level in the soil.

AFWL-l -67-102 AD-822 353
HIP-lA DATA REPORT
In-house (C. J. Lemont)
October 1967
U

The HIP-LA test was conducted as a proof test of the design parameters of a
HEST overpressure facility. It was intended that, uning these parameters, the
simulated criteria of peak overpressure, impulse, and detonation frontal velocity
would be verified before their use in the design of an overpressure facility for
an operational Minuteman vulnerability test. The instrumentation consisted of
air pressure, soil stress and acceleration transducers, with primary emphasts on
air pressure. The average peak overpressure was 703 psi against a predicted 1000
psi, the average impulse was 34.4 psi-sec compared with a predicted impulse of
40.6 psi-see, and the average frontal velocity was 8980 fpo as comparad 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 PLAYU. SOILS
29(601)-6002: 1niversity of New Mexico (CERF), Albuquerque, New Mexico
November 1967
U

Thi physical, chemical, and mineralogical parameters of soils from
selected playas were investigated to determine effective chemical stabilants.
The effect of differing amounts of addicives on forming sail-cement in humid f
conditions was determined at two curing times. The uuconfined compressive
strengths of the cured soil-_ements, compacted at ASTM standard optimum moisture-
densities, were determined and correlated with known soil characteristics. The
playa soils generally consisted of material., and had an &verage plasticity index
of about 15. The soils generally were predominantly composed of silicate and
carbonate minerals. Clay minerals comprised only about 15 percent of the &Uils
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 edditives were very destructive to portland cement-soil
mixtures. Kaolinite was beneficial only in specific soil-cements. It is sug-

gasted that metallurgical cements, slag cements, and sulfate-resistant portland
cement should be tested as additives for playa soil-cements where Type I portland
cement proves inadequate.

P.PL-TR-67-ll0 AD-
INVESTIGATION OF BURIED DOMES, PHASE 1, EVALUATION OF INSTRUMENTATION
AND PRELIMINMRY TESTS
29(601)-6002: University of New Mexico (CERF), Albuquerque, New Mexico
December 1967
U

An evaluation of a soil stress transducer and its application to the
measurement of soil stress distribution on and around a rigid buried dome are
presented. The soil stress gage developed for thia stud), was found to respond
linearly with less than 4-percent hysteresis in a granular medium. This gage
also has a linear response when oriented at various angles to the vertically
applied load. It can be located very closely in the soil and adjacent to 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 soil 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 on 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 normal soil stress as measured by on-structure gages integrated over the
dome surface. The rea&on for this difference in forces was probably due to the
size of the structure and tangential loading.

C-86



SWC-TDR 61-66 AD-328 826
A METHOD FOR THE PREDICTION OF GROUND SHOCK PHENOMENA IN SOILS
29(601)-2855: Paul Weidlinger and Associates
March 1962
S

Determination of free field ground shock parameters is the first step in
designing underground protective structures. This report summarizes a theo-
retical method for predicting'stresses, particle velocities, displacements and
asiociated shock response spectra in soil subjected to air-induced ground
shock in the 100- to 1,000-psi pressure ranges.

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

SWC-TDR-61-93 AD-274 825
GEOLOGIC STRUCTURE STABILITY AND DEEP PROTECTION CONSTRUCTION
29(601)-2821: 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 weapons 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 silo linings to blast-induced loading is disc-.uted in this report. The
study includes effects on silo linings of differential horizontal soil displace-
ments, vertical skin-friction forces generated by vertical compression of
surrounding soil, and axial response of a silo with integral .over to blast-
induced cover loading.

A theoretical method for estimating forces acting on a cylindrical structure
subjected to airblast-induced ground shock is presented. Radial forces on tne
cylinder surface are the undisturbed free-field pressure component plus pressures
proportional to differential radial velocity and displacement between the
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structure and the free-field particles. The al'fect of virtual mass, foundation
modulus, and damping or. response was studied by obtaining solutions 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.

Proposed scaling 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 were buried in soil at various depths,
and impact loads applied with a falling weight.

SWC-TDR-62-3 AD-274 294
STUDY OF THE USE OF MODELIS TO SIMULATE DYNAMICALLY LOADED UNDERGROUND STRUCTUReS
29(601)-4374: American Machine and Foundry Company
February 1962
U

This report presents results of &- analytical investigation of the use of
models to simulate the dynamic response 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 parameters,
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. Newmark, Consulting Engineering Service
June 1962
S

The ob.jective of this study was 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(6011-I171.

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 paticle displacements, velocities, and accelerations are presented.
The section on surface airblast parameters is c, pletely revised.
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The section on design shtnck response spectra is revised and expanded with
the addition of much new material, and contains the latest recommendations for
formulating design shock response spectra. New material on dynamic soil-
structure interaction is also presented.

Many other changes in the earlier report have been made, including deletion
of consideraole material (sumaries 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
IESIGN 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 been the subject
of continuing research. Signiftcant 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 revieved and comparisons are made with experimental results. To
improve theoretical results the influence of soil compressibility vad investi-
gated. These utudies considered formation of plastic stress waves below the
footings, and produced improved correlation with experimental data.

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

SWC-TDR-62-10 AD-244 646
STUDY OF BLAST CLOSURE DEVICES
29(601)-4354: American Machine and foundry Company
February 1962
U`

This report describes investigations and analyses accom•plishd during AW's
study of blast-actuate*' blast-closure system.. The objectiw of this study was
to survey the state uf the art of blast-closure system desigt and establish
design criteria for formulating development and desiip procedures and techniques.

The initial effort was devoted '.o a state-of-,he-art survey, after which
work was started concurrently on establishing blast-closure.system criteria and
studying blast attenuation in tunnels affected by 90* bends, orifices, plenu,
etc. In addition to defining satisfactory closure systems, a selection of
optima configurations for particular overpressure ranges and installation typeb
was made.
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besults of thiJi study indicate only one valve has been designed for the
maximum operating pressure specified. Therefore, additional effort should be
expended to produce additional blt-closure concepts.

BWC-TD-6-30 AD-285 053THEORMTCAL STUDY OF STRUCCIURP-MEDIUI( INTEPACTION
29(601)-2838: National Engineering Science Company
march 1962
U

This report presents numerical results from a continuation of a previous
study described in AMSWC TV-61-6, coacerned with the plane strain problem of

interaction of a plane longitudinal stress ve with a hollow cylindrical shell
embedded in an infinite elastic medium. The shell is given finite dimensions
(with the assumption of thin sheil geometry), finite density, and elastic
properties differing in general from those of the mdium. Tables and/or graphs
are given for the following quantities:

1. Steady-state, tangential stress response of a cavity and thin shell to
a harmonic stress wave input.

2. Transient displacement response of a rigid eylinder (shell) to a step-
function displacement input.

3. Transient tangential stress response of a cavity to a step function
stress wave input.

i. Transient displacement and inner tangential stress responses of a thin
shell to a step function stress wave input.

A specific result is obtained for the last proulem with a shell-thickness-
to-cylinder-redius ratio of 1120, the shell haying properties close to those of
steel and the w/ium having eleatic properties representative of rock. In this
case dynamic increase in the inner tangential stress by a step stress input over
the static value was fouad to be approximately 6 percent.

swC-TDh-62-I3 AD-286 485
T ]30R"TICAL ST?')Y OF 31WERGY DISTRIBUTION IN A MILt-SPACE UN1E DYNAMIC LOADS
29(60l)-2832. General American Transportation Corporation
July 1962
U

An analytic•l procedure is developed for predicting free-field ground
otions and stresses for dosign of underground protective structures. Analytic

solutions in integral form are obtained for problem of elastic and viscoelastic
half-spaces, each under an axi-synsetrie time-dependent normal loading with th;
essential features of a nuclear burst. A computer code for evaluating these
epressious is developed through use of a Pourier-Legendre series end other
special analytical techniques. Graphs are presented for one elastic problem.
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SWC-TDR-62-44 AD-2TT 661
RADIOGRAPHIC INSTRUMENTATION STUDY
29(60l)-I±54: American Machine and Foundry Company
April 1962
U

Various radiographic techniques are examined and evaluated to determine
their feasibility for studying dynamic soil phenomena. Data which can be
obtained radiographically from a dynamically loaded soil sample are particle
motion and density change as a function of position and tie. The primary
advantage of a radiographic system is thet the condition of the soil tample Is
not modified by transducers within it, except for sm.ll pellets which have no
measurable 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. One
of these systems uses a steady X-ray source, and the other uses a flash X-ray
machine. Radiographic records from both tests are presented and analyzed.

SWC-TDR-62-47 AD-283 T50
STUDY OF STRESS WAVE ITRACTION 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 solving two-dimensional dynamic stress 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
was 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, vlýrn an air shock travels across one edge.

The stress determinations indicate dynamic loadinp of the type used in
this study produce stress concentrations which exceed static concentrations for
equivalent loadings by approximately 10 percent. After the wave front in the
plate pauses the discontinuity, dynamic streases approach static stresses
asymptotically.

SVc-TDR-62-56 AD-286 522
HI(GH-COMPRESSIVE-TRIKNGTH CONCRETE
29(6ml)-6104: Waterways Experiment Station, USA
Augnat 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 previouslyr made, and applications,
economics, and procurement of high-strength concrete. 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 days moist-curing
vii require careful selection of materials, mixture proportions, and mixing,
placing, consolidating, 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 water-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.

BWC-TDR-62-64 AD-298 578
WUIDE FOR THE DSIGN OF SHOCK ISOLATION SYSTEMS FOR UNDERGROUND PROTECTIVE
STRUCTURES
29(601)-4551: Ralph M. Parsons Company
October 1962
U

This report reviews major considerations relating to design of shock iso-
lation system for underground protective structures, emphasizing areas where
special guidance is needed by facility engineering contractors. Ground motion
due to 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
msthods for determining dynamic responses of both linear and nonlinear isolation
system are summarised, and, for several commonly used configurations, these
equations are reduced to simple form. Use of the shock response spectrum is
suggested as a unified approach to specifying shock attenuation requirements,
equipment shock tolerances, and shock test machine selection criteria.

SWC.-TDR-62-90 AD-402 753
LABORATORY EXPERIIENTS ON THE RESPONSE OF SOILS TO SHOCK LOADINGS
29(601)-2830* Purdue University
January 1963
U

This report discusses rmsearch carried out at Purdue University, the pur-
pose of which was to develop, on the basis of direct measuremnts, mathematical
models suitable for describing propagation of a compression shock wave through
soils, principally partly saturated clays. This interim report describes
selection of a suitable laboratory test, and design, calibration, end use of
gages to measure stress and strain near a point during propagation of a shock
wave. Preliminary test results from sanples of covpacted clay ar* also included.

SWC-TDR-62-91 AD-402 T79
IDROT ABSORPTION CAPACITY OF GRANLAR 14ATEPIALS IN ONE-DIMENSIONAL COMPRESSION

29(601)-h302: University of Illinois
July 1962
U

Inergy-absorbing mechanisms ir sand subjected to one-dimensional ctopres-

eim ar reported. For pressures below that required to cause grain crushing,



a medium of equal radii elastic spheres in a face-centered cubic array is
assumed. Expressions are 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. Energy 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 a cylindrical sample under increasing axial stress.
Lateral stresses developed under these conditions are measured. Preliminary
experim-ntal results are presented for one sand, showing variation of the
coefficient of earth pressure at rest and stress-Ltrain relationships with
initial void ratio, 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
Directorate sponsored a symposium on the equation of state for earth materials.
Attendees were personnel under contract to the Structures Division, and personnel
interested in this area of research. This document contains 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 e08
AIR FORCE DESIGN MANUAL--PRINCIPLES AND PRACTICES FOR DESIGN OF HARIENED
STRUCTURES
29(601)-2390: University of Illinois
December !962
U

This is the second edition of the Air Force Design Manual, Design of
Protective Structures to Resist the Effects of Nuclear Weapons, A8WC TR-59-TO,
December 1959 (Conf.). Its intended use is for planning and design of struc-
tures to resist effects of nuclear weapons ranging into the megaton class.
Emphasis is primarily on underground construction. Material presented is
derived from existing knowledge 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, various phases of design are considered: free-field phenomena in air
and ground, material properties, failure criteria, architectural and mechanical
features, radiation effects, surface openings, conversion of free-field phenomena
to loads on structures, and design and proportioning of structural elemets and
structures.
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sWc-TDR-62-153 AD-405 162
MWERINCRTS 01 THE IXSURVMT OF THE RESPONSE OF ROCKS TO DYNAMIC DADS
29(601)-282'1: Missouri School of Mines
Mareh 1963
U

The purpose of this study vas to develop instrumntation techniques to
measure dynamic stress and strain within rock subjected to impulse-loads.
Them, techniques were to be applicable to the determination of rock rsponse to
nuclear explosive loadings. Electric resistance strain gages and piezoelectric
stress gapes were the seusing devices utilized. Transducers were embedded in
concrete test cylinders, which were loaded by a plane wave generated by an HE
explosive. The sensitivity of the piezoelectric gages utilized was too great
for the stress intensities developed, and therefore satisfactory evaluation of
the stress measuring technique was not possible. The material presented,
suinriting the theoretical aspects of stress and strain easurement at an
interior point in a solid, m prove valuable In future embedded gage installa-
tions.

SWC-TDR-63-2 AD-405 153
STEP WAD kOVING WITH LOW SUBSEISMIC VELOCITY ON THE SURFACE OF A HALF-SPACT "

ORANULAR MATERIAL
29(601)-2855: Paul Wtidlinger and Asspciates
April 1963
U

The plane strain problem of a step load moving on the surface of a half-
space of granular material is consido'red. Strength of the material ib governed
by internal friction and cohesion. As a preliminary step toward a more ccuplete
solution, it is ausued that in regions of slip, elastic deformations may be
neglected in comparison to thor-ý resulting from slip. This assumption limits
the application to Msah nusoers of' less than aoout 0.20.

Two possible types of material behavior are considered. During slip, one
material exhibits dilatancy, while the other does not change in volume. Because
elastic deformations are neglected in the slip region, on]: degenerate results
are obtained for the case of dilatancy, i.e., while stresses can be determined,
deformations, velocities and accelerations vinish. For the other almterial, all
desired quantities are obtained.

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

SMC-TDW63-3 AD-402 TOT
MV=XLOP•T OF A SMALL SOIL STRAIN GA(Z
29(6-01)-5343: Armour Research Foundation
March 1963
U

This report describes the devalopment of a mmall strain gg for measuring
static and dynamic strains in soil staples. The gap consists of tvo sets of
tvo coil discs; sasociated instrusmntation includes electronic driving,
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amplifying, and recording circuitry. One set of coils ie embedded in soil 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 with 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 within spacing and alignment requirements. Thus, the gage accurately
defines the relative position of two points in soil and accurately 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 gage on the adjacent strain field,
and appropriate modifications to reduce this effect, the gage may be used to
reliably measure both static end dynamic strains within a very small gage
length.

SwC-TDR-63-5 AD-)05 124.
CALI3RATIO OF A 6-)OOT AND A 2-FOOT DIAIMTER SHOCK TMBE
29(601)-4520: Air Force Shock Tube Facility
June 1963
U

Thib report discusses the first phase of calbration of the 6-foot and
2-foot diameter shock tubes located at the Air Force Shock Tube Facility,
Kirtland Air Force 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
2ere used in theoretical analyses of the 6-foot shocL tube.

The 6-foot shock tube was calibrated using varying specific primacord high
explosive charge ratios as the driver to generftte air shock strengths ranging
fr-ý; 1.83 to 9.33 (overpressures of 10 psi to 100 psi respect iely), at the air
test and soil test sections. Overpressures at the air test and soil test
section were monitored with pressure transducers mounted flush with the shock
tube walls. Pressure transducers were AR? barium tit&nate and Granath ST-2
gages. For an overpressure of 100 psi at the tdr test and soil test sections,
the average maximzm positive phase duration was about 190 milliseconds.

Funddaentals of thermodyunaics were applied in a theoretical analymN• of
the shock tubes. From this analysis it was fbund more data was n*edec to
completely calibrate the shock tubes.

-SWC-TUR-A 3-6 AD>- 05 123
STID! OF THE COLLAPSE OF SMUL SOIL-SINDED TMW
29(601)-4927: M4assac-usetts Institute of Technology
June 1963
U

This report Aescribes a progra of ex*erl*"tal •nad theoretiall wrk
concerning failure of structural tubes surrou.*4e tby a Viin iver I.f s$ll,
loaded ty uniform external radial prehsure, P.ropert1ee -nd thick"na of the
soil layer were varied, and the pressare at wch the tube failed, as well 48
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deformations of the tube before and after failure, were observed. Theoric'
based on idealized models of soil-structure interaction were developed. Experi-
mental re3ults were then correlated with these theories to determine which, i1
any, theories explained the behavior of the samples.

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

SWC-TDR-63-26 AD-409 456
STUDY FOR DEVELOPMENT OF RECIPROCITY PROCEDURES MOR ANALYZING DATA FROM
UNDERGROUND EXPLOSION TESTS
29(601)-51.32: Space Technology Laboratories
June 1963
U

The purpose of this study vw to e-plore the theoretical and practical
feasibility of using ground motion measurements at the surface from an under-
ground explosion test to determine the response of an underground cavity to a
traveling surface pressure pulse. The investigation showed average cavity
strain history can be determined by applying a dynamic reciprocity theorem; an
IBM 7090 program was then developed to carry out necessary computations. When
more general types of cavity response to a given surface pulse are desired,
dynamic reciprocity requires, as part of the input information, surface response
to loads 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
obtained from underground explosions are used as input, dynamic reciprocity
yields only the average radial displacement of the cavity, i.e., volume change.
An underground blast cannot furnish data needed to determine the comrplete
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, yield 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-405 120
THE ME OF ROCK FILTERS TO ATTENUATE AIR qHOCK3
29(601)-4520: Air Force Shock Tube Laboratory
march 1963
oOo

This 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 7-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 through a range of volume-
flow rates.
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With the ild of theory research data were adapted to small, personrnel
shelters utilizing a rock filter and plenum volume behind the rock filter,

SWC-TDR-63-4 3 AD-411 367
A THEORETICAL ANALYSIS OF STRESS WAVE INTERACrION Ih A MODEL SOIL
29(601)-5395: National Engineering Science Company
June 1963
U

In this study an attempt was made to fcrmula&,e and solve by analytic
methods a problem of stress wave interaction, using a atructure buried in a
nonlinear, soil-like medium. After considering the literature on tneories
of inelastic solids, a model was chosen to represent soil behavior urder large
compressional transient stresses. This model has a bilinear compressional
stress-strain curve in a conventional uniaxial test, with unloading behavior
similar to that obse.-,ed experimentally in metals and certain soils.

The structure chosen was a cylinder of infinite density and rigidity. The
stress wave form chosen was a step magnitude just sufficient to cause incipient
yielding of the medium. Numerical solutions were obtained which indicate that,
after an initial loading jump due to impingement of the stress wave on the
front cylinder face, unloading takes place, followed by subsequent reloading.
Quantitative estimates of loadings on the front cylinder lace during unloading
were not obtained.

SWc-TDR-63-45 AD-416 673
RESEARCH STUDIES ON FREE fIELD INSTRUMENTATION
29(601)-1944 : United Electro Dynamics, Inc.
June 1963
U

The design of a gage capable of measuring free-field stress, strain, and
acceleration is reported. Prototypes based 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 psi. The gages were used to investigate the static
and dynamic characteristics of the test tank.

Developmental soil gage prototypes and a field system wer't dmveloped for
and used in a nuclear field experiment. A description of this field system and
te•t :r_ -vuen 1" kp.•n'"- 1

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

sWC-TDR-63-i7 AD-423 739
EXPERIMENTAL STUDY OF THE EFFECT OF MATERIAL PROPERTIES ON COUPLING OF EXPLOSIOQ
ENERGY
29(601)-5360: United Research Services
May 1963
U

An eyverimental 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 aggregate
concrete, either at the surface of a bloc%, wvthin a block, or at the contact
surface of two blocks. Measurements were made of the variations in concrete
properties, of the total impulse delivered to the block 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 ms~erial, 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
crateý volume and the total impulse varied by at least a factor of two, and
scaled 'rater depth appeared to be approximately independent of burst geometry.
The coT 'essibility, as measured by Young s modulus, eppeared to have the
greatest effect on impulse, while the internal shear strength and other proper-
ties reflecting the internal structure of the material had greatest effect on
crater dimenqions.

SWC-TDR-63-48 AD-
FEASIBILITY STUDY OF METHODJ FOR DYNAMIC THREE-DIMENSIONAL PHOTOELASTICITY
29( 6ol)-5367 Armour 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 scattered
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 several preliminary model studies
were conducted using impact loadings. As a result if these experiments, the
embedded polariseope technique has been selected as the most suitable method
for immediate application to dynamic three-dimensional problems. Instrumenta-
tion and calibration procedures required for studies of this type are discussed.

swC-TDR-63-53 AD-411 132
CLOSE-IN EFFECTS FROM NUCLEAR EXPLOSIONS
29(601)-5008; Armovr Research Frimdation
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 chemical explosive effi-
ciencies. By comparison of these efficiencies a nuclear-HE equivalence is
established for full contained and shallow-buried bursts, from which 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 00 percent for subsur-
face explosions, and about 2 percent for nominal yield surface bursts. Surface
burt equivalence is shown to be largely dependent on weapon volumetric energy
release. 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 real materials is presented, utilizing a material description
independent of any specific stress field. This analysuis shows that dissipation
effects in plane waves, which have been attributed to strain rate effect, can
equally well be accounted for by deviatoric effects.

RTD-TDR-63-3020 AD-433 965
A STUDY OF THE DESIGN AND ANALY9yIS OF FOUNDATIONS
AF 29(60oL)-5197: IIT Research Institute
January 1964
U

The behavior of foundations for protective structures was studied through
a combination of theoretical and experimental researzh. Particular emphasis
was placed on formulating a mathematical model which accurately predicts the
gross motion of a 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 includ& three-dimensional static experiments of
small model footings on cohesive soils; static experiments on a cohesionless
soil where the footing and surrounding soil were subjected to overpressure;
formation of the logarithmic spiral failure surface for bearing capacity of
continuous foundations; and solution of a dissipation mechanism for dynamic
soil behavior.

RTD-TDR-63-3021 AD-41 5 362
INTERACTION OF PLANE ELASTIC WAVES WITH A CYLINDRICAL CAVITY
AF29(601)-5007: University of Illinois
June 1963
U

A method is presented for computing stresses in the vicinity of a long
&vlindrical cavity in an infinite, elastic, isot'-ric, hoMuogenous medium when
the ..iity 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 avwy from the boundary
were computed for a wave of dilatation. Initially the stress behind the inci-
dent wave front was considered constant. The effect of a stress decay behind
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 which
diverge from a line source.
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RTD-TDR-63-3023 AD-419 631
PROJECT 1080 RESEARCH SUMMARY
In-house
Pebruary 1964
U

This report contains summaries of all research reports dealing iilth

nuclear weapons effects on hardened structures, published under Pro,)ect 1080
by the AFWL Structures Branch (formerly the AFSWC Structures Division) and
predecessor organizations from July 1951 to February 1964. Section I contains
edited abstracts of unnumbered reports and technical documentary reporte.
Section II liF s all reports by document number (unnumbered reports are listed
chronologically), Section III lihts reports by subject area, and Section IV
lists reports by contractor.

arD-TDR-63-3024 AD-419 316
GAGE PLACEMENT SDTDY
A? 29(6C.i)-5412: Armour Research Foundation
August 1963
U

A study has been made of the various factors which affect the behavior of
gaps in soil. The ultimate objective of the studyr is to provide guides and
recommended procedures for gage placement. Previous field and laboratory
experience with -trss, :train, and motion measurement in soil has been
reviewed and a list of references provided. This was supplemented by am
experimental investigation of embedded accelerometers to determine the !=por-
tance of gage density and placement procedures on gage response.

The most important factors influencing motion measurement appear to be (1)
gage density 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, a 12 percent difference
in peak accelerations 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 gapes in cla.y from 12 Dsi to 42 psi rebalted in a
decrease of 22 percent In the peak accelerations recorded.

RTD-TDR-63 3025 AD-410 518
BIBLIOGRAPHY OF u!uwRIL SAC
In-house
June 1963
U

This bibliography on extraterrestrial research is subdivided Into the
following categories: Astrobiolou; Astronomy and Cosmology; Cratering Phenom-
ena; Extraterrestrial Matter; Materials, Meteoritic Cratering; Moon (Atlases
and Photography, Configuration, Experimental Research, Exploration and Basing
Concepts, Lunar-Earth Phenoieina, Lunar Trajectories, Surface Materials, and
Topographical Features); Planets; Power Systems -Space Vehicles and Probes;
Tektites; and Vacuum Environmental Simulation. Each category is separately
alphabetized and cross-indexed. Where more than one article appears for any
one author, they are listed in chronological order.
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RTD-TDR-63-3o4l, Vol I AD-348 510
EVALUATION OF TUNNEL LINERS IN GRANITE S1FMY RVI.TDAT, CMERATION NOUGAT
AF 29(601)-4993: Uni'ers'.y or Illinois
February 1964
S

The Hard Hat event was undertaken to investigate the structural systems
required to give a high degree of survivability to deep underground structures
which 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 isolate 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 cf the liner, the stiffness of the liner,
the yield strength of the packing, and the thickness. The validity of these
approaches is evaluated by comparing the observed behavior of the test sections
with that indicated in the analysis. Reports on pretest planning and material
properties are included in Volumes II, III, and ii.

RTD-TDR-63-30I4, Vol II AD-433 205
EVALUATION OF TUNNEL LINERS IN GRANITE SHOT HARDHAT, OPERATION NOUGAT
AF 29(601)-4993: University of Illinois
rebrizary 1964
U

This volume roniq..i&iz. a report, with some editorial ii-viion, iiro&
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 tunnels and linings used
in the experiment. This appendix is Phase I of the final report on Contract
A? 29(601)-2151.

RTD-TDR-63-30o4, Vol III AD-433 191
EVALUATION OF TUNNEL LINERZ MN GRANITE SHOT HARDHAT, OPERATION NOUGAT
AF 29(601)-4993: University of Illinois
February 1964
U

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

Specific trade names and manufacturers are referred to in this volume to
daflnt the matoriali ti;.J1 • rd coaqletely. In most instances similar mater-
ials are available from other manufacturers. Use of specific trade names
herein should be interpreted only as a more complete definition of the charac-
teristics of the materials actually tested. Since no effort was made to obtain
random samples of materials, the results presented may not be representative of
the materials in general. Further use or publication of the data herein for
any purpose without prior approval of the Air Force Weapons Laboratory to not
authorized.
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RTD-TDR-63-3041, Vol. IV AD-433 192
EVALUATION OF TUNNEL LINES IN GRANITE SHOT HARDHAT, OPERATION NOUGAT
29(601)-4993: University of Illinois, Urbana, Illinois
February 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 Lhe original lump-sum contractor are identified herein as Group I, and
those provided by the contractor who completed the construction arc 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 segment was provided from the material before it was formed to the 36-inch
internal raditts; that is. the ulate was corrugated but was not curved. No such
flat piece 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 NOUGAT
VOLIU1E V: REMOVAL OF TUNNEL LINERS
29(601)-4993: University of Illinois, Urbana, Illinois
August 1964
U

This revort dosoribpq the rvwuA vi zriur tunnel liners in the HA'D HAT
complex to determine the extenL ane 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 observed in the two unliued
sections in C-Drift, the Lock 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
STRES£' WAVES IN CRANULAR MATERIAL
29(601)-2855: Paul Weidlinger, Consulting Engineer
July 1963
U

The results of research into stress wave propagation in granular media are

presented. The purpose of thip work is to clarify air-induced ground shock
phenomena in soils, 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-dimeasional wave phenomena in the
same nonlinear media.

RTD-TDR-63-3052 AD-603 167
SCATTERING OF TRANSIENT ELASTIC 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 •c a suddenly applied concen-
trated line load at the interior. The second is that of a traveling transient
plane compressional wave impinging on the :avity wall.

Formal solutions are obtained for both problems by employing 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 the 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,
=nd perio4 4 c In time. Thus tsey predomia-te in long time solutions and produce
sizable disturbances not previously considered.

RTD-TDR-63-3055 AD-423 417
DEVELOPMENT OF AA 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 vea to design and develop a
pneumatic direct 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 us-d to control, measurz, and record the soil loading
phenomena are each discussed in detail.
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The a-paratus can produce separate or synchronous normal and shear loads
up to 500 pounds axd can accommodate specimens up to 4 in'hes in diimeter and
0.75 inch thick. Time interval for the strain loadings can be varied from 1.0
millisecond to days.

The present facility is operable and an extensive soil testing program is
currently being undertaken.

RTD-TDR-63-3059 AD-424 401
TWO-DIMENSIONAL DYNAMIC STRESS ANALYSIS IN A NONELASTIC MATERIAL
29(601)-5109: lIT Research Institute
November 1963
U

This program is one of a 8eri.e of related programs whose ultimate objective
is to provde technical information for the design of underground structures
capable of withsbtanding the extrenely high pressures generated by nuclear
explosions.

One approach to this problem has been the experimental study of stress-wave
prupagation and interaction with discontinuities in soil-like media. Soft near-
elastic media have been used in the past and methods of dynamic photoelasticity
and moire arids 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 soil characteristics.

The specific objective of this program was to develop materials, methods,
and techniques for two-dimensional experimental stress analysis in viscoelastic,
polymeric materials. A great number of polymeric photoviscoelastic materials
wrre 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 means of forced sinusoidal oscillations over a wide
range of rrequencies.

Photoviscoelastic and moire methods wer* developed for solving two-
dimensional dynamic stress analysis problems and their application is demonstra-
ted for a strut subjected to a falling weight load.

R1D-TDR-63-3060 AD-426 338
A STUDY OF STATIC AND DYNIAMIC RESISTANCE AND BEHAVIORt O0
STRUCTURAL IEWTS
29(601)-5372: lIT Research Institute
January 1964
U

The objective of this research program is to determine the behavior of a
number of simple structural elements, embedded in a soil medium and subjected
to static iad dynamic loads. Durin8 the first year of the progrua, covered by
this report, techniques were developed for making the deteruinations. and
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studies were conducted -)n four cylindrical snell models inder static loading.
T,:ee models had hemi'E.herical end closures with diameter-thickness ratios,
(D/t", of 40, 80, and 160. The fourth model had a D/t ratio of W8, and av e.d
closure system which could not trarni-t loa' to the shell. Most of the work
used a dry cohesionless soil medium of uniformly graded silica sand (Ottawa
sand). The model with hemispherical h ads and D/t ratio of 80 was also studied
in a cohesive soil medium of silty clay.

In the riaim body of the report an analysis is give-a of the behavior of the
central tansverse plane of each shell. Concl.,,sions are drawn regarding the
influences of model stiffness, soil media, overpressure I°ve!., and 'nd-closure
cystem on hoop arnd longitudinal membrane forces and bending momei,ts in the shells.

RTD-TDR-63 061 AD-429 039
STUDIES IN AXIALLY SYMMETRIC WAVE PROPAGATION PROBLEMS IN Pld.3TIC
AND HYDRODYNAhIC MEDIA
29k60l)-4965: Stanford Research Instituce
January 1964
U

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

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

RTD-TDR-6 3-3064 AD-425 539
USE OF ?')DELS TO PREDICT THE BEHAVIOR OF DYNAMICALLY LOADED UNDERGROUND STRUCTURES
29(661)-5359: Iowa State University
January 1964
U

Similitude requirements for predicting the dynamic response of underground
structures were investigated, and the validity of proposed model design conditi-un
was checked e..perimentally. The struct'-ces used in the tests were hollow alminum
cylinders instrumented with SR-4 strain &&gas. Most of the test specimens were
circular cylinders having diameters of 4 inches. 2 inch"s, and 1 Lach. Sonadeta
are also presented for structures having square croos sections. in all tests the
structures were buried in dry Ottawa sand. Lhree different types ef loading
devices were used in the teat program: a drop-weight loader, a vertical shock
tube, and a horizontal shock tube. Peak strain and complets strain-tim curvs
were obtained for various depths of burial, and a detailed analysas of the data
is presented. For the series of tests performed with the horizontal shock tube
no consistent data were obtained and a discumsion of the discrepancies encountered
is presented. Saveel se.1oes 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 requirements are satisfactory within the range of parameters
inves tigated.
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RrD-TDR-63-3073 AD-425 990
THE CALIBRATION AND INTERPRETATION OF RECORDED SHOCK-TUJBE PRESSURE DATA USING
PIEZOELECTRIC SENSORS
AF 29(601)-6002: Air Force Shock Tube Facility (University of New Mexico)
November 1963
U

This report is a guide for Lalibration and analysis of recorded pressure
data. Many of the techniques and areas covered are also applicable to other
types of gages, e.g., strain, velocity or acceleration. Photographs of typical
shock-tube data are used to familiarize the reader with the appearance of a
true pressure pulse which has been modulated by the effects of resonance, over-
shoot, groundloops, inadequate bandwidth, aud poor gage isolation.

RTD-TDR-63-3075 AD-427 820
A STUDY OF THE DYNAMIC SOIL-STRTXCURE INTERACTION CHARACTERISTICS OF REAL SOIL
MEDIA
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 mdiia. An extensive
list of the more important references obtained from a literature 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 soil-structure interaction on
small, idealized, cylindrical structures buried in a sand medium subjected to
dynamic loads. Test data obtained indicate that very large overstresses are
produced by passive arching. The data also show that overstress due to inter-
action is dependent upon depth, stress level, relatire density of soil, length-
to-span ratio, and the compressibility of the structure. The theoretical
program consisted or an investigation of the dynamic response of a simple cubic
packing of spheres for waves of low stress levels. Certain boundary value
problems, representative of phases of soil-striucture interaction, were reduced
to a form for numerical evaluation.

RTD-TDR-63-3078 A&D-421 559
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 and rapid limited radial
strain compression tests, and unconsolidated-undrained triaxial tests vere
performed on specimens from the Nevada Test Site Frenchman Flat playa. Static
axial stress-strain properties and radial stresses for zero radial strain are
presented for a maximum axial stress of 5,480 psi. Rapid and dynamic axial
stress-strain prop-rties and radial stresses for limited lateral strains are
presented for maximum axial stresses varying from 3,900 ps. to 20,300 psi.
Stress-strain relationohips and shear strength parameters are presented for
the triaxial tests for a maximum stress difference of 380 psi.
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RrD-TDR-63-3082 AD-443 0T1
DYNAMIC MODEL TESTS, NORAD COMBAT OPERATIONS CENTER
In-house
June 1964
U

A study is presented cn the design and test of a model which is dynamically
similar to the South Building of the NORAD Combat Operations Center complex.
The primary objective of this investigation was to study the behavior of a
shock-isolated building module subjected to dynamic loading. The design of a
scaled model and its important parameters are presented. Dynamic rigid body
response of a building 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 results show a
verification of response predictions; it is concluded that response predictions
for the actual facility to similar scaled inputs are valid.

RTD-TDR-63-3o85 AD-450 57T
ANALYTICAL AND EXPERIMNTAL INVESTIGATIONS OF SILO AND TUNNEL LININGS
AF 29(601)-5384: IIT Research Institute
January 1964
U

This report presents results of analytical and experimental investigations
of the response of silo structures to nuclear blast induced loadings Radial
shell motion, longitudinal silo bending, and longitudinal silo skin friction
loading are all discussed.

An analytical method was developed to determine the radial response of a
cylindrical shell engulfed by a plane stress wavey. The structure was idealized
as a system of lumped masses connected by inextensional bars. The surrounding
soil was given nonlinear characteristics and the structure was loaded by a
traveling stress wave which can be given a step or variable linear rise to peak
with a constant value or exponential decay after the peak.

A dynamic method of analysis vas formulated to investigate the response
of silo linings to a prescribed time-dependent free field displacement function
that varies with depth. A lumped parameter system was uged to represent the
structure. Both bending and shear rigidity were included in the analysis. Loads
were assumed to be generated from the :igid body relative diaplacement and
velocity of the structure with respect to the free field.

Two theoretical methods were used to investigate the magnitude of vertical
skin frictipn 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 concept as applied to an axisym-
metric problem. Numerical resu- ts for both investigations are presented in
the form of skin fric ion to overpressure ratios for various silo shapes. An
extensive series of experimental silo push-out tests was performed to check
the theoretical york.

A well instrumented segmented silo model was used to determine the distri-
bution of the skin frictioa loads. The location of the neutral axis of bending
was determined for a structure in loose and dense sand.
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!ym-l'DR-63-3089 AD-I24 192
THE BEHAVIOR OF SAND IN W,-DITENSIONAL COMPRESSION
AF dg(6ol)-5817: University of Illinois
October 1963
U

The behavior of sand in one-dimensional compregsion was investigated with
both theoretical and experimental studies. Phenomenological aspects of one-
dimensional behavior, such as stress-etrain characteristics, energy absorption
capacity, and coefficient of earth pressure at rest are discussed.

The analytical study deals with stress-strain relations of an idealized
granular medium composed of elastic, equi-radii spheres in a face-centered
cubic array. A new solution is derived for the array behavior when subjected
.o a monotontcally increasing vxial compressive stress for the condition of
zero radial strain.

An experimental device is described which is capable of measuring the
raodia etresses developed in 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.
Correlations are presented which compare the actual behavior of a rounded,
uniform, quartz send in one-dimensional and triaxial compression with the
behavior suggested by the theoretical analysis.

EM-TDR-63-3091 AD-433 522
A STUDY OF THE PARAMETERS WHICH AFFECT SCALING OF UNDERGROUND STRUCTURES
A? 29(601)-5340: MRD Division of General American Transportation Corporation
January 1964
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.

RTD-TDR-63-3092 AD-434 074
BEHAVIOR OF SIMPLE AND RESTRAINED DEEP REINFORCED CONCRETE BEAMS UNDER STATIC
WADING
AF 29(601)-45T8: University of Illinois
Marh 1964.
U

The purpose of this investigation is to determine the Influence of end
restraint on the strength end behavior of reinforced concrete deep members
subjected to slowly applied loads as a basis for the development of minimum
desip considerations. The end restraint was applied in such a manner as to
simulate that which would be developed in continuous beams or frames.

Static tests were made on fifteen beams of vhii.h five were simply
supported and ten were restrained.
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The invest1;ati=i is concentrated on the crushing stage as the last stage
for which meaningful concrete strains were available. It in shown that deep
beams do have a capacity beyond crushing in terms of deflections, 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
crushing.

P.TD-TDR-63-3096, Vol I AD-444 624
DESIGN PROCEDURES FOR SHOCK ISOLATION SYSTEMS OF WDERGROUJND PROTECTIVE
STRUCTURES
A? 29(601)-4565: General American Transportation Corporation, MRD Division
June 1964
U

The primary purpose of this report is to provide guidance for designers
of shock idolation systems during the initial phases of aesign. Volume I

presents methods for estimating appropriate free field waveformo and the
influence 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 relative 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, much more soil test data than is now available -1ill be required. Further,
based on purely theoretical arguments, shock isolation per se can be eliminated
for much equipment used in hard installations. If isolators are required they
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
equipment will, in the great majority of instances, reduce neither the rattle
space required nor the isolator cost.

Methods for making the necessary computations are given.

RTD-TDR-63-3096, Vol II AD-627 597
DESICD PROCEDURES FOR SHOCK ISOLATION SYSTEMS OF UNDERGROTJD PROTECTIVE
STRUCTURE
AF 29(601)-6253: General American Transportation Corporation, MRD Division
September 1964
U

This volume presents methods 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
parameters are varied to determine their effect on resultant interior motions.
The parameters which influence interior motions are ranked in order of phfsical
importance. A method Zor applying the results of the program to design problem
Is presented and a sample calculation in included.
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RTD-TDR-63-3096, Vol III AD-414 989
DESIGN PROCXJXJRZ8 FOR SHOCK ISOLATION SYSTEMS OF UNDERGROUND PROTECTIVESTEUCTURU•
AF 29(601)-4565: Newmark, Hansen and Associatesim~e i96h "

A discussion is presented of response spectra for single-degree-of-freedom

systems subjected to 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 spectra for complex input functions by compounding the spectra
for the "dominant" component pulses of the input function.

In the studies of inelastic systems, primary attention is given to elasto-
plastic systems and, in an exploratory way, to bilinear systems of the softening
type. Response spectra are presented from which the yield resistance required
to limit the maximum deformation of the system to a prescribed multiple of its
liniting elastic deformation can be determined directly.

Thu maximum deformation of an inelastic system is related to that of an
elastic system having the same initial slope in its resistance-deformation
diagram 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-63-3o96, Vol IV AD- 6 2 7 870
MSIGN PROCEDURS FOR SHOCK ISOLATION SYSTEMS OF UNDRGROUND PROTECTIVE
STRUCTURES
A? 29(601)-6253: Newmark, Hansen and Associates
January 1965
U

The purpose of this study is to develop simple rules for the designer
so that he =Wy be able to predict the maximum responses of two-degree-of-
freedom elastic an4 inelastic systems under various types of ground shock
excitation. The trie 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, arq 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 obtained. From
these, modal paramters 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 probable values of the response.
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A detailed study is 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-of-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 is 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 associated elastic systems.

RT1D-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
U

A discussion of maximum response for multi-degree-of-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 equations
of motion for five different forms of ground excitation on a number of systems
having varying parameters of mass and stiffness distribution. The results are
compared with the modal responses for the same systems, 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 I- 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
DESIGNI 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) 5253: Newmark, Hansen and Associates
April 1966
U

This supplement contains a description of the computer program developed to
study tt,e dynamic response of multi-degree-of-freedom systems subjected to
earthquake or blast-type ground motions. A description of the features and a
derivatic:% ot the equations solved by the computer program nre 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 each 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-63-3106 AD-613 482
EXPERIUMAL STUDY OF ARCHING STRESSES ON BURIED VERTICAL TANKS
29(601)-6002: Air Force Shock Tube Facility (University of New Mexico)
December 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 goal, duplicate tests were performed on
cylindrical and disc structures, providing an opportunity to separate the effect
of arching from side-wall friction. All tests were static, ujing 20-30 Dry Ottawa
sand at three different densities. The applied overpressure and geometric con-
figuration of the buried structures were varied to provide an opportunity of
studying the influenrv of these parameters on the arching phenomenon.

R."M-TDR-63-3109 AD-433 522
THE INTERACTION BETWEEN 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 interaction
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
soil surface and loaded by pressures applied at the surface.

For the symmetric soil-tube configuration, the elastic behavior (i.e., arching)
oad 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 prevention of tube deformations associated 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.

itThe 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
holds 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 a 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 behavior, 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 )f 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 lateral

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 DISTRIBUTION IN A HALF-SPACE RESULTING
FROM DYNAMIC LOADING IN A DEPRESSION AT THE ORIGIN
29(601)-5813: MID Division, General American Transportation Corporation
March 1964
U

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 is presented. The
problem is approached along two 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 treatn 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-space approach, analytical
resuALs alone are obtained.

WL-TDR-64-3 AD-451 475
PORE-AIR PRESSURE 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 sand. The orien-
tation of the shock wave to the soil sample was "head-on" in t1.a 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, Zhe maximum incident pressure was approximately 115 psi.

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

WL-TDR-64-4 AD-601 878
THE MECHANICAL AND OPTICAL CHARACTERIZATION OF HYSOL 8705 WITH
APPLICATION TO PHOTOVISCOELASTIC ANALYSIS
29(601)-5367: California Institute of Technology
June 1964
U

The main requirement for practical photoviscoelastic analysis is optical and
mechanical characterization of the material. The report describes the inter-
relation between the stress and strain optic (operational) coefficients and
approximate techniques for obtaining satlifactory quantitative results using
broad band rather than three- or four-element representation of material propei-
ties. The analysis technique is accomplished by material characterization through
a Dirichlet, or Prony, series representation of the time-dependent properties,
and appropriate operations on their Laplace transforms.
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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 considerations 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: lIT 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 coil-plate gage can be used for applications for which the
four-coil gage in its present form is 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 associated electronic !nstrumentation. One bifilar
coil and plate is embeddei in soil as the straiu 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-ai.:.,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 boundt-
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 % 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--are analyzed on the basis of three-dirvensional 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 is not plane. Based
on this general result, the effect of a uniform step pressure traveling witi.. s-b-
seismic velocity on the surface of a half-space is obtained for the case of a
locking material which after compaction has elastic-Coulomb behavior. Such a
material acts linearly elastic if the state of stress does not overcome internal
friction, but slip occurs if the stresses reach a critical state defined by
Coulomb friction, As a special case the solution applies also for a material
which is linearly elastic after compaction. The stress, velocity, and accelera-
tion histories due to the traveliaig step pressure are discussed and compared t:
those in the one-dimensional case of a suddenly applied uniform surface pressure.

WL-TDR-64-11 AD-603 483
A PEAK LOAD, SELF-RECORDING ON-STRUCTURE STRESS GAGE
29(601)-6103: United Electrodynamics, Inc.
June 1964
U

A peak-load, self-recording, on-structure stress gage was developed and four
developmental prototype units were fabricated. Magnetic tape was used as the
recording medium, employing a c*rrier-erase data-recording technique. The data
readout system designed for this project employs a newly developed direct flux
reading magnetic tapehead. Theoretical and experimental comparisons are ma#se
between the flux head and a conventional head. Test results are prcsented for
thse prototype sages.

WL-TDR-64-12 AD-439 352
A THSOWITAL A•ELYSIS 0? SThF5S WAVE INTE•ACTIONI N A MODEL SOlL---
FVRH STUD!ES
29(601)-5395: National Enaginering Coupany
April 1964

Two formal solutions are $iven to tha plane strain pro)blem of the interaction
of a stress wa•e• propagated in a :Ibilinear plastic" sedium with an infinitely
rigid/infiritely 4ense cyli*der omioe4td in the sedl3ux

The two tolutins 4re essentially compleaww;*ry I,-tb respect to pciutn o,
theoretical diffirulty and 4efttuc ies in generality. A numerical study of each
solution should lead to further development 04 a fo-pletaely gnttr1 ethoa for
treating thq ps¢blem z4*er cooi&4esrtinr or ciallar probl•a.
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WL-TDR-64-13 AD-606 685
THE RESPONSE OF BURIED CYLINDERS TO QUASI-STATIC OVERPRESSURES
29(601)-6002: 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.

Cyl'nders of two stiffnesses were tested at depths rangitig 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 buckling pressure of the cylinders by factors of 9.4 and 9.9.

Destructive tests were conducted on noninstrumented cylinders of six stiff-
neqses. 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 cause 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 nondestructive tests afford a comparison between
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
zonec depend on the rigidity of the cylinder aad the magnitude of the overpressure.

WL-TDR-64-20 AD-608 518
FEASIBILITY STUDY OF SHOCK ISOLATING A VERY LARCE STRUCTLW.
In-house
September 1964
U

This report considers the problem of auspendfng e very large structure within
an underground cavity so as to provide adequate shock isolation. The geoetry
neceseary to incouple the %Ldes of vibration of a tinplv system is studiod, and
recoendations are uante concerning the relation between base 4nd side spring•.
Coil-spring suopension iystems are Investigated and general design equations and
charts 3re preaented. Pueu•atic suupennion is considered. A new typt of patu-
matic suspension consisting of corrugated metal bellova is proposed and design
equations and charts for such a systm are presented. Liquid muspension as
briefly discusoed. Transient wsves in various shock isolation systems are
studied.

Thid report conciudes that pneumatic fuspensior SysLVWs employing corrugated
metal bellors hold much promise and should be furthcr investigated. Shock iso-
lation of a very large structure appears to be feasible using either coil-spring
or pneumatic-bellows supports.
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WL-TDR-64-27 AD-601 513
PREDICTION CALCULATIONS FOR FREE FIELD GROUND MOTION
29(601)-5832: Phycics International 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 LOADINGS
29(601)-6022: IIT Research Irstitute Technology Center
June 1964
U

This research program was conducted to determine the behavior of a foam-
isolated tunnel liner in an elastic material during passage of a plane stress
wave. The specific objectives of the program included a 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-b04 105
BIBLIOGRAPHY OF EXTRATERRESTRIAL RESEARCH (2nd Edition)
In-house
July 1964
U

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 (Atlases and Maps, Configurations and Internal Structure,
Environment, Experimental Research, Exploration and Basing Concepts, Lunar-Earth
Phenomena, Lunar Trajectories and Associated Problems, Surface Materials and
Natural Resources, and Topographical Features); II!. 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 Nticlear and HE Cratering Phenomena); and VI.
Bibliographies.

Each category is separately alphabetized and cross indexed. Where more

than one article appears for any one author, such are listed in order of
publicaticn date.
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WL-TDR-64-35 AD-444 Ill
29(601)-5837: The University of Texas
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 at their center lines. Th* test beams had a steel 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 transfer the shear
at the concrete-steel interface. Stud behavior was determined from special push-
out tests loaded both statically and dynamically. Comparisons of behavior as
obtained from beam and push-out tests were made. The principal variables studied
were stud diameter, concrete strength, number of studs per shear span, and type
of load.

Dynamic loads were obtained by dropping a mass onto a cushioning material
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 dynamically have approxi-
mately a 50 percent greater flexural resistance than companion beams loaded
statically. The results from dynamic push-out tests and stud capacities 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 TRIAXIAL SOIL TEST
29(601)-6004: IIT Research Institute
September 1964
U

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

It was determined that the specimen strain behavior is quite different
between noncohesive and cohesive soil 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
S

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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def ininS ejecta quantity as a function of radial distance, calculating total
ejects mass, and determining its relationcblp to the apparent crater volume.
Applying this upproach, recommended ejecta 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 Ps an appendix to this report.
The validity of scaling ejecta mass quantities is indicated for two cratering
events differing in yield by over two orders of magnitude and detonated at the
same scaled depth. The statistical variation of circumferential ejecta obser-
vations is also defined.

Mean ejects thicknesses for large yields may be approximated for true surface

bursts in dry soil using the relationship

t - 0.5d [R/D] 3.9

where t is thickness, d is apparent crater depth, R is apparent crater radius,
and D is distance.

WL-TDR-64-52 .AD-606 142
SHOCK UNLOADING CHARACTERISTICS OF CRUSHABLE ROCKS
29(601)-6007: IIT Research Institute
August 1964
U

The unloading characteristics of dry volcanic tuff were observed for two
initial 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 u:nloading process does not follow
the usually assumed Hugoniot unloading path. The net results of this behavior
are that (1) the quantity of energy dissipated in the shock process is con-
siderably grpat?! than that normally assumed, and (2) the propagation speeds nf
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 cases bas been underestimated by approximately 20 to 25 percent.

A correlation was made between Hugoniot data obtained during this program and
other Hugoniot data for dry volcanic tuff of various initial densities. It was
founi that, when presented in terms of absolute density, all oZ 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 investipated.
The structure under consideration housed personnel living quarters and communi-
cations and survival equipment, including large liquid-filled tanks, and was
suspended within a concrete-lined underground cavity. Various suspenr~on 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 suspevsion 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 Institute
February 1964
U

A'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
29(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/cm3 (crystal density, 2.66 g/cm ), of dry, reconstituted material
are examined. The data show regions in which the pressure is multivalued. This

behavior is 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 behavi~or of a free-electron gas at extreme

pressure. It also contains the principal teim representing the pressure-volume
behavior predicted by the Thomas-Fermi model. Interpolation terms are added to

fit known zero-pressure quantities, viz., initial density, compressibility, and

sublimation energy.

In addition an extensive review nf the thermodynamics of equations of state

is presented.

Results of shock calculations in spherical geometry assuming hydrodynamic

behavior of the medium are also presented. These calculations are intended to

indicate the sensitivity if :hock decay to uncertainties in the equation of

state. The varied parameters include porosity, Gruneisen's ratio, and the

zero-degree-isotherm. No larg2 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
U

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 is treated in Chapter 2 of Section :

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 atresses on the inner 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 stressec in axially loaded thick-
walled cylinders with end caps. This axisyuuetric elasticity problem is solved

by finite difference techniques and Southwell stress functions. 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: IIT Research Institute

August 1964
U

A study was conducted to determine stress distributions in several types of
thick-walled cylindrical shells. The stresses were determined by using both the
embedded-polariscope and stress-freezing methods for three-dimensional photo-
elasticity. The study indicates that an approximate analytical solution for
stresses in thick-walled cylinders with hemispherical 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
polaroid elements perform satisfactorily under complex states of stress; there-
fore, the embedded polariscope method represents a completely feasible approach
for transient three-dimensional stress determinations.

WL-TDR-64-72 AD-613 351

STUDIES OF FINITE DIFFERENCE TECHNIQUES FOR CONTINUUM MECHANICS
29(601)-5971: Northrop-Ventura Corporation
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 regiou 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 cb'-acteristic 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 II:
Artificial viscosities--particularly linear viscosities-significantly degrade
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 assumed that zones
are tetrahedral and homogeneously strained. Part IV: Finite difference equations,
flow charts, and Fortraa listings are givon for the AM'TON code, which solves the
one-dimensional linear, cylindrical, and spherical hydrodynamic equations in an
arbitrary time-dependent coordinate system. Part V: Difference equations, etc,,

are given MR2D, a two-region code for calculating general plane-symetric
continuum motion in #n arbitrary time-dependent coordinate ystein.
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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 Divisivn
February 1965
S-RD "

The objectives of this research effort were twofold. The first was concerned
with 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
lengths 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 sbock 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-450 077
A QUASI-STATIC THEORY OF SOIL STRUCTURE INTERACTION
29(601)-4508: University of Tllinois
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" phenomeLon.

A continuum theory of soils proposed by G. A. Geniev is applied to a quasi-

static, plane-strain problem of arching. The basi8. partial differential equations
are shown to form a hyperbolic set and are solved 1ýy the method of characteristics.
Consistent stress and velocity fields are obtainad.

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

A simplified extension of a theory taking account of inertia of the *oil and
unsteady motions is treated in an appendix.

D-38



SECTION II
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CHRONOLOGICAL INDEX TO UNDESIGNATED REPORTS

TITLE DATE CLASS CONTACTOR AVAILABILITY

Feasibility of a Large Jul 51 Uncl Armour Research AD-204 09
Shock Tube Foundation

Damage Evaluation in Jun 52 S-RD Armour Research N/Ae
Connection with In- Foundation
direct Bomb Damage
Asseasment Systems

A Simple Method for Jul 52 Uncl Armour Rcsearch AD-38W91
Evaluating Blast Effects Foundation
on Buildings

Analysis of Gravity Dams Jan 53 S-RD Massachusetts AD-360 113
Subjected to Underwater Institute of
Explosions Technology

Relative Effectiveness of Jan 53 S-RD Massachusetts AD-360 109
Surface and Underwater Institute of
Explosions on Gravity Technology
Type Damn

Crater Survey Feb 53 S-RD In-House N/A

Water Table Experiments Aug 53 Unel Masachusetts AD-2515
on Transient Shock Institute of
Wave Diffraction, Part Technolog
I - Operation, In-
strumetation and
Preliminary Experiments

Air Force Pressure Tests Sep 53 Uncl Now York University N/A

Static Load Deflection Dec 53 Uncl University of AD43105
Tsts of Beam Coalms Illinols

Electro Mechanical Doc 53 Uncl Amour Research I/A
Pressure Gav ftr Fowtm~ott

mim a Pretsure
Rctding

Research Investigtimn Dec 53 Mel Awrem Reoewab I/A
•ad Desin of a Largo _ uadation

Sbock Tube

8sil. Methad tw Jul 5h Uncl Armour -oarch AD--B89
Etlvating Blast ? fion
Effects op B3AldLnp

%at Aval)abie 1-

________1-3__________________



TXTZ DATE CLASS CCr'CrOR AVAILABILITY

Studies of the Influence Oct 54 Coof Armouj- Research AD-358 802
of Variations of Blast Foundation

end Structural Parsm-
eters on Blast DesWe
to Structures

Water Table 3xperimzts Oct 51 Uncl Massachusetts AD-80120
on Transient Shock Institute of
Wave Diffraction, Part Technology
II -- ljzprimintal Re-
sults and Evaluation

Mvree-Dinnsiooal Shock Oct 51 Conf Armour Research N/A
Tube Foundation

Project Proposals for Oct 51 Cotf E. H. Smith & N/A
Operation Dixie Ccacmy

Forty Channel Test Vov 51 Conf American Machine N/A
Progrm for Operation & Foundry
Dixie

Shear Deflection of Wide Dec 54 Uncl University of AD--2702T
FlMu Steel Besns in Illinois
the Plastic Rang.

Application of Tornado Doc 54 Conf 2. H. Smith & N/A
Data to Blast Effects Company
S'tdies

Alr Force Pressurm Tests Jan 55 Uncl Nev York University 1/A
(Suppleamiata Report)

A Criterion for Collape. Jan55 Umcl Z.H. Smith & N/A
of BuIldinp Uader Cceny
Blast L*ading

transient Drag Tests Jan 55 Uncl Armour Re.arch */A
Foundation

Static =nd Druamic Load- Fb 55 Uncl University of AD-59193
Deflection Tests of Illinois
Steel 8ttcurntw'

Wm-a.so~t D",g Wd its
L'Ntt on Structures
Vol I Feb 55 Unci Amrican Machin* N/A

& Foundry Co.
Vol Ii Feb 55 Uncl Amorican Machine I/A

&Fo-dry Co.
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TITLE DATE CLASS COUTRACTOR AVAILABILITY

Experimental Study of Feb 55 Coaf American Machine N/A
Drag Phenomena in & Foundry
Shock Tubes

Operational Implications Feb 55 S-RD E. H. Smith & N/A
of the MIT Report, Company
Analysis of Gravity
Dams Subjected to

Underwater Explosions

Project Proposals for Feb 55 Uncl Armour Reve.2r-h NI/A
Operation Dixie Foundation

Feasioi.aiLy Study of Feb 55 Uncl Wind Tunnel NI/A
Dynamic Net Force Instrument Co.,
Sensors Inc.

Pressure Sensor System Feb 55 Uncl Rutico, Inc. AD-80120
for Blast Measurements

Study of the Effect of Mar 55 Cant Armour Research AD-1706
Orientation on Dynamic Foundation
Loading and Response of
Structures

Shock Tube Teupe'-atures Mar 55 Uncl Armour Research N/A
Foundation

Notes on the Analysis of Apr 55 Uncl University of AD-64462
Obliquely Loaded Beam Illinois
in the Inelastic Range

The Response of Model Jun 55 Uncl University of aD-66673
Frons Subjected ,o Illinois
Dynamic Lateral
Loads

The Response of Beam- Jun 55 Uncl University of AD-66671
Colums Subjected to Illinois

aeamic Lateral Loads

Responso of Bridges to Jin 54 5-RD Massachusetts I/A
Atomic Blast Institute of

TechnoClogy

Studies of the Influence Jul 55 Canf Arwr Research I/A
of Variations of Blast Foundation
and Structural Paras-
store on Flaat Damae,
to Struct um



TITLE DATE CLASS CONTRACTOR AVALAB ILITY

Criteria for Dynamic Jul 55 Uncl American Machine N/A
Net Force Sensor & Foundry
Selection

Inelastic Behavior of Aug 55 Uncl University of AD-69593
Mild Steel Beam Sub- Illinois
Jected to Transverse
Impact

A Stu4 of the Resistance Aug 55 Uncl University of AD-72716
of Model Frames to Illinois
Dynamic Lateral Load

Effect of Long Versus Short Aug 55 Uncl Armour Research N/A
Duration Blast Loading Foundation
on Structures

Correlations of the Re- Sep 55 Uncl University of AD-74935
sults of Dynamic Tests lllinois
of koams and Model Frames

Operation of Six-Foot and Oct 55 Conf Armour Research N/A
Two-Foot Shock Tubes Foundation

Structures Improvezents Oct 55 Uncl Armour Research N/A
on t"e Six-Foot +•+ibe Foundation

baie•ding of Three- Nov 55 Uncl Armour Research N/A
Dimensional Blocks Foundation

The Effects of Surface Dec 55 Uncl Armour Research AD-93225

Roughness Foundation

Experimental Observations Jan 56 Uncl Armour Research AD-93226
of Regulwr Reflectiom Foundation
Loading un Three-
Dimensional Blocks

Diffraction Phenomena Jan 56 Uncl Armour Research AD-908
in Semi-Solids Foundation

Effect of Wnll Panel FeJ 56 Uncl Armour Research NIA
Failure on Shock Foundation
Parameters

Technical Comments on Mar 56 Conf E. H. Smith & N/A
PV TM-I4 in Connection Compiny
with Uce for Indirect
Bomb Damage Assessment
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TITLE DATE CIASS CONTRACTOR AVAIABILITY

Inspection of Air Force Mar 56 S-RD Armour Research N/A
Jangle Structures Foundation
Included in Operation
TEIAP

Basic Loading on bIT Mar 56 Uncl Armour Research N/A
Multi-Story Structures Found'ticn.
ia the Regular Reflec-
tion Region

Experimental Observations Mar 56 Unci Artour Research 1/A
of Interior Pressures Foundation
in Hollow Models

Suggestion for a Protec- Jun 56 S-RD E, H. Smith & N/A
tive Construction Program Company

Coments on the Applica- Jun 56 Conf Armour Research N/A
bility of Physical Foundation
Vulnerability Division
Target Analysis Manual
PV TM-14 to Indirect
Bomb Damage Assessment

Indirect Bomb Damage Jul 56 Conf Americen Machine N/A
Assessment & Foundary

Exerimental Observations Jul 56 Uncl Armour Research N/A
of Interior Pressures Foundation
in Hollow Models

Operation of Six-Foot and Aug 56 Uacl Armour Research AD-223 162
Two-Foot Shock Tube Foundation

Improvement of Photo- Aug 56 Conf Chicago Midway N/A
graphic Tecbniquee Laboratoriea

Basic Design of Protective Sep 56 American Machine & AD-462 211
Structures for the Far Fvmdry
East Air Force
Report Uncl
Appendix A C-RD
Appendix B Unal

Snark Base Design Sep 56 Conf American Machine & AD-360 115
Investigation Poudry

Review and Criticism of Sep 56 Conf American Machine 6 AD-360 116
the Armour !.-search Foundry
Foundation Report on Drag
Loading of Structures in
the Precursor Zone
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TITLE DATE CLASS CONTRACTrOR AVAIIAB"LITY

Cost Planning Information Oct 56 Coaf American Machine N/A
& Foundary Co.

Effects of Topography 1956 Conf Broadviev Research N/A
on Shock Waves in Air; & Development
Recomýndations for
Full-Scale Topography
Test

H'gh Pressure Tests on 1956 Conf Armour Research
Simple Shapes Foundation AD-134 797

Blast Effects on Storage 1956 Conf Armour Research AD-132 573
Tank Type Structures Foundation

Surface Effects on Blast 1956 Conf Armour Research N'
Loading, Vol. I Foundation

Surface Effects on Blast 1956 CoOn Armour Research N/A
Loading, Vol. II -- Foundation
Thermal Radiation

Surface Effects on Blast 1956 Coof Armour Research N/A
Loading, Vol. III - Peak Foundation
Pressure Versus Radius,
Comparison of Test Data
vith Theory

A Protective Alert Shelter Apr 57 S-RD Associated Re- AD 360 112
for the Strategic search Foundation
Air Coamand

Underground Shot Study Apr 57 Conf E. H. Smith & Co. N/A

Surface Effects on 1957 Coof Armour Research N/A
Blast Loading, Vol. IV Foundation
Blast Wave Reflection
on an Ideal Surface

Surface Effects on Blast 1957 Uncl Amour Research I/A
Loading, Vol. V - Spark Foundation
Gap Experiment: Apparatus

Architect-Engineers' Jul 58 Conf American Machine MIA
Handbook for the WS 1OTA- & Foundry Co.
2 Launcher Installation
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WEAPON TEST REPORTS
4|

WT-29 Scientific Directors Report, U.S. Air Force Structures,
Aug 1951 (S-RD), Greenhouse, Program 3.3

SWT-30 Scientific Directors Report. Appendix A - Construction
Plans and Specificatiuns; Appendix C - Soils Con-
struction Materials and Methods; Appendix D -
Construction Materials and Methods, August 1951 (iIC),
ureenhouse, Program 3.3

WT-82, 83, 8 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

WT-87, 88 Scientific Directors Report
Appendix I - Blast Loading & Response of Structures,
Mq 1952, (UNC) Operation Greenhouse

WT-405, Vols I & 1 Air 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 Wallw & 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

WT-721 Project 3.1, Operation Upshot-Knothole, 3.1, VolE I, II,
and III (UNC) Apr 1951

WT-722 Project 3.3 Tests on the 4mading of Horisontal Operation
Upshot-Knothole yrlindrical Shapes (UNC) Oct 195

WT-724 Project 3.5, Tests an the Response of Wall & Roof Pamels
and the Transmission of Load to Supporting Structure,
(UNC) May 1955, Upshot-Knothole 3.5

WT-725 Project 3.6, Tests on the Loading & Response of Railroad
Equipment (C) Sep 1955. Upshot-Knothole 3.6

WT-T36 Project 3.26, Test of the Effects an POL Installatims
(C) Oct 1955 Upshot-Knothole 3.26

WT-1124 Study of Drag Loading of Struatures in the •necsor
Zone (UrC) Sep 1958 Operation Tevot 3.2 Nom" Teft
site
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r'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, Operation
Redwing 3.1, Pacific Proving Grounds (S-FRD) i

WT-1406 Loading on Buried Simulated Structures at High Incident
Overpressures, 1959, Operation Plmbbob 1.7,
Nevada Test Site (UNC)

AVAILABILITY OF WEAPON TEST REPORTS

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 Library Branch, may

be contacted.
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SECTION III

All designated reports by document number including title, publication
date and classification.

I. .
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Repnrt No. Title Date Class.

TM-57-2 Proceedings of First Shock Tube
Symposium, 26-27 February 1957 Yeb 1957 Unclas

Th-58-3 Proceedings of the Second Shock
Tube Symposium, 5-6 March 1958 Mar 1958 Uncles

TM-59-1 Fourteenth Meeting of the Panel
on Blast Effects on Buildings and
Structures and Protective Construc-
tion, Volume I Oct 1958 SFRD

TM-59-2 Proceedings of the Third Shock Tube

Sympoeium, 10-12 March 1959 Mar 1959 Unclas

TtI-56-66 Test Plan for Project 3.4

Operation PILGRIM (PLUMBBOB) Oct 1956 SRD

TN-57-18 Study of Shock Absorbent Devices May 1957 Uncles

TN-57-27 The Feasibility of Generating
Various Desired Pressure Wave Forms
in Shock Tubes Through the Successive
Detonations of Explosive Charges Aug 1958 Uncles

TN-57-32 Net Force Sensor Research Apr 1958 Unclas

TN-57-37 Operation of the Air Force Shock
Tube Laboratory, Gary, Indiana Oct 1957 Uncles

TN-58-1 Geological and Geophysical Con-
siderations for ICBM Launching
Site Selection Dec 1957 Conf

TN-58-18 Investigation of Wave Propaga-
tion in Semi-Sol' a Mar 1958 Uncles

TN-58-23 Ground Motion Induced by Nuclear
Explosions--A Study of Fundamental
Problem Nov 1958 Coof

T1-58-25 Initial Investigation of Wave
Propagation in Large Soil Models Dec 1958 Uncles

1T-58-26 Air Blast Loading on Arches and

DOe" Sep 1958 Uncles

,N- 59-4 Shock Tube Air Velocities Nov 1958 Uncles
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Report No. Title Date Cla..

TI-59-8 Review of the Literature
Pertaining to the Behavior
and Design of Deep Structural
Members Jun 1958 Unclas

TI-59-11 A Sumary of Reports Produced
U1nder ARDC Project 1080,
Protective Construction and
Target Vulnerability, and Its
Predecessors Mar 1959 Secret

T3-59-14 Improvement in the Capabilities
of the Air Force 6-Foot Shock
Tube by Several Orders of
YMaituis 1Ma 1959 S-RD

TI-60-20 A Glossary of Geoplosics:
The Systematic Study of
Explosion Effects in the
Earth Jul 1960 Unclas

T'-60-30 Attenuation of Stress Waves
in Bilinear Materials Oct 1960 Uncles

T'-60-36 Design and Analysis of
Foundations for Protective
Structures Sep 1960 Uncles

T'-60-39 An Experiment an Soils Loaded
Dynamically by a Shock Tube Dee 1960 Uncles

Tm-6-6 A Theoretical Study of
Structure-Medium Interaction Noy 196o Uncla

TN-61-7 Basic Interaction Considera-
tions-Dynamic Stress Concen-
trations Around Unlined
Openings Feb 1961 Uncles

TI-61-14 Design d Analysis of
Fonmdations for Protective
Structures Sep 1960 Uncles

m-61-16 Tests an Atlas Blast Valves Apr 1961 Uncles

?N-61-26 Omqry of Netent Reports
Produced Under APSC Project
1080: Nuclear Weepons Effects
on Iaren.4 Structu"s Sep 1961 Uncle

T¶'-%-46 Transient Drag mad Its Effect
an Structures Nov 1956 Conf
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Report No. Title Date Class.

TR-56-"7 A Method for the Analysis of
F rames Subjected 'to I*nelastic

SDeformation into the Range of
Strain Hardening Nov 1956 Unclas

TR-56-48 Air Blast Loading on Structures Aug 1956 Conf

TR-57-1 Two- and Three-Dimensional
Shock Tube Loading Studies on
Models of Operation Knothole
Program 3
Vol I Aug 1953 Secret
Vol II Aug 1956 Secret

TR-57-9 Effects of Topography on
Shock Waves in Air Aug 1956 Conf

ST-57-21 Slow and Rapid Lateral Loading
Tests of Simply Supported Beams
and Bean-Col.ams Jun 1957 Unclas

TR-57-22 60 KIP Capacity Slov or Rapid
Loading Apparatus Jun 1957 Unclas

TR-57-23 Static and Dynsmic Tb.sts of
Steel Frame Stractures into
the Itne1astic Range of
Deformtion May 1957 Uncles

TR-57-29 Blast Shielding in Complexes Aug 1958 Uncles

TR-57-32 Procedures and Specifieations
for Experiwental Determination
of 1oad-Deflection Characteris-
tics of Full-Scale Buildings Apr 1958 Uncles

TH-57-15. The 'Response of Tier BF.ildinp
to Blast Loaft Key 1958 Uncles

TU-58-5 An Inre"tigati*oa of Riveted
and Boltad Colima-Base end
Bee awo-Colum 0owections
UhUr Slov end Rapid Loading Feb 1958 bacles

-_r-58-23 Pewa!-blbity Study of an Above-
GOroud Har4eed RUanger Jun 1958 8eret

TR-58-28 Protective Arch Structures MaHr 1958 Secret

T1-586-8 Diim WnA Development of a
Set force Sensor Oct 1958 Uncles,

T,-58-49 Door* and Access Openings to
Pretectlve Structures Oct 1958 (M~f
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Rpot N. Title Date Class.

TR-59-2 Protective Construction Dec 1958 Secret

TR-59-3 Cross-Reference.d Listing of
Experimental Data on the Blast
Loading of Structures (4 Vols) May 1958 Conf

"TR-59-9 Analysis and Design of Domne,
Arches and Shells (2 Vols) Jul 1959 Unclas

TY-59-10 On a Method of Amplification
of the Dynamic Strength of
Structures Oct 1958 Secret

TR-59-18 An Investigation of the
Beb&vior of Deep Members of
. inforced Concrete and
Steel Feb 1960 Unclas

TP-59-24 Blast Shielding in lomplexes,
Part 2--Megaton Weapons Jul 1959 Conf

TR-59-47 Crouwd Shock Isolation of
Buried Structures Aug 1959 Conf

TR-59-48 Blast Effects on Tunnel
Configurations Oct 1959 Unclas

"Y-59-A9 Analytical Studies, Investi-
gations, and Preliminary
Design of Door aA Foundation
Seals for Protective Structures MAY 1959 Conf

TR-59-56 Design and Analysis of Fowuda-

tlons for Protective Itructures Oct 1959 Conf

TR-59-57 Investigation of S1I1 Linings Sep 1959 Coof

'n-59-58 A Door Design for Tunnel
Closure Oct 1959 Un1sl

?R-59-70 Air Porce Design Maual:
Design of Protective Structures
to Resist the Blast Effects of
Nuclear Weapons Dec 1959 Couf

"TR-59-71 Growid Mtion Produed by
Abovegroun Nuclear Uplooloas Apr 1959 S-RD

71-59-72 behavior and Design of Deep
Structural Mmbero (7 Vole) Apr 1961 Uaclas

TR-60-1 Doors mid Access Opmiinp to
Protective Structures mar 1960 Cout
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Report No. Title Date Class.

TR-60-3 Concepts of Preliminary Design
of Structure Projects for t.Nder-
ground Nuclear Detonations
(2 Appendixes) Jan 1960 Secret

TR-60-4 Research Studies of Stress
Waves in Earth and Model Earth
Media Oct 1959 Unclas

TR-60-5 Preliminary Design Methods for
Underground Protective
Structures Dec IP59 Secret

TR-60-8 Theoretical Study of Ground
Motion Produced by Nuclear
Blasts Oct 1959 Unclas

TR-60-1l Comparative Protective
Structural Design Jun 1960 Secret

TR-60-16 Analysis and Design of Domes,
Arches and beellb (2 Vole) Oct 1960 Unclas

TR-60-21 Summary of Interior Blast
Loading in Holluv Model
Structures Jul 1960 Conf

TR-6j-4I1 Shock Chamber Developmet
and Evaluation Jul 1960 Unclas

TR-60-53 Response of Arches Under
Dynamic Loads Aug 1960 Unclaes

TR-60-5. Surface Effects on Blcst
LoadIng Ma 1958 S-lD

TR-6o-55 Research Studies on Free
rield instrurentation Dec 1960 Unclas

TR-61-5 Closures for Hardened
Protective Hangars Jan 1961 S-RD

TR-61-6 Theoreticil Stvdy of Oround
Motion Induced in Fon-H(4wgeneous
Media by luelear Explosions Dee 1960 thclas

TR-61-T Developmnt of a M1alature
Dynamic Pressure Gauge Jan 1961 Unclaes

TMI--12 Sumary of Ful-Scale Field
Tests of Structurea Subjected
to High Overpreswures Mar 1961 S-7wD2)

111-7



110or NoTitle Dat e Cless.

TR-61-25 Stress Wave Phenomena in
Semi-Solids J=. 1961 Uncla

TR-61-32 Static Experiments 12or the
Study of the Interaction of
Buried Structures with Ground
Waves Apr 1961 ULclas

TR-61-47 The Investigation of Deep
Reinforced Concrete Beams
Under Static and Dynamic
Loading (2 Vols) Jul 1961 Uncles

TR-61-48 Preliminary Design Study for
a Dynamic Soil Testing
Laboratory. Appendix B--
Smell Scale Footing Studies,
A Review of the Literature U 1961 Unclas

TR-61-51 Ground Shock Isolation of
Buried Structures Aug 1959 Unclas

TR-61-55 Analysis of the Dynamic
Response of an Aboveground
Simply Supported Cylindrical
Shell Subjected to Blast
Loadding Aug 1)61 Unclas

TR-61-58 Preliminary Design Study for
a Dynamic Soil Testing
Laboratory. Appendixes K,
L, M, and N Aug 1961 Uncles

TR-61-60 Dyne-dc Response of the 6-Foot
Diameter Shock Tube to a
Constant Velocity Pressure
Front Aug 1961 Unclas

TR-61-90 Studiet of the Rsponse of
Arches and Domes nder Dynamic
Louds Oct 1961 Uncles

WL-TR-6-l-08 Effects of Boundary Friction
on Transmission of Static
Stress Through Sand in
Cylindrical Tanks Aug 1964 tclas

WL-TR-6.3-Ul Ejects Distribution from
Crate•ing Events in Soil
and Rock Oct 1964 S-RD

WL-TR-6-3-1l2 Prediction Techniques for Soil
and Rock Behavior in the Very
High Overpressure Region mwsv 1965 Becret
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R~ort No. Title Date Class.

Wl.-TR-64-113 Close-lsn Effects from a Sarface
Burst Jun 1964 Unclas

WL-TR-64-11 Static #nd Dynamic Compressi-
bility of Suffieid Experlwental
Station Soils Sep 1964 Unclas

WL-TR-64--122 A Study of Sratic and Dbynamic
Resistance and Behavior uf
Structural Elerents Jun 1965 Unclas

WL-TR-64-142 Similitude of Dynam1.cally
Loaded Buried Structures Oct 1964 Unclas

WL-TR-64-143 Analysis of Free-Field Data
in a Half-Srace Under Dynamit
Loada Feb 1964 Unclas

WL-TR-64-155 The Mechanical and Optical
Charactrization of Solithaue
113 and Investigation of Phase
Lag Relationships Betwean
Principle Mechanical and Optical
Axes in Photovisccelastic Analysis Oct 1964 Unclas

WL-TR-64-157 A Study of the Behav¥ior of Soil
and Rock Subjected to High Stress
Levels Mar 1965 Unclas

WL-TR-64-163 Behavior of Plain Concrete Under
High Triaxial Loading Conditions Jun 1965 Unclas

WL-TR-64-164 Project Air Vent-Ejecta
Distribution Studies Nov 1964 Unclas

WL-TR-64-175 Ground D'splacement Studies,
Project 3.7 Nov 1964 Unclas

AFWL-TR-65-8 Shear and Bond Strength of High
Strength Reinforced Concrete
Beams Under Impact Loads-First
Phase Jun 1965 Unclas

AFWL-TR-65-9 Simulation of Uir Shocks with
Detonation Waves Feb 1966 Unclas

AFWL-TR-65-1 Simulation of Air-Blast Induced
Ground Motion (Phase I) Apr 1965 Unclas

AFWL-TR-65-12 The Effects of Shear on Stress
Wave Propagation Aug 1965 Unclas

111-9
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Report No. Title Date Class.

AFWL-TR-65-13 Application of Research to Air Force
Civil Engineering via a Scientific
and Technical Information Service May 1965 Unclas

APWL-TR-65-15 Deviatoric Effects in High
Intensity Stress Waves Aug 1965 Unclas

AFL-TR-65-16 High Compressive Strength Concrete
Rpt 3, Summary Feb 1965 Unclas

AFWL-TII-65-20 Dynamic Stresses in a Thick Elastic
Vol. 1 Cylinder Subject to Transient

Pressure Loadings--Theoretical
Analysis and Discussion of Results Sep 1965 Unclas

AFWL-TR-65-20 Dynamic S resses in a Thick Elastic
Vol. 2 Cylinder Subject to Transient Pressure

Loadings--Discussion of Computer
Program Sep 1965 Unclas

AFWL-TR-65-26 Simulation of Air-Blast Induced Ground
Notions (Phase II) Vol. I Apr 1965 Unclas

Vol. II May 1965 Secret

AFWL-TR-65-29 Static and Dynamic Behavior of
Sands in One-Dimensional Compression Feb 1965 Unclas

ANWL-TR-65-31 Intvraction of Plane Plastic Waves
With a Thick Cylindrical Shell Jun 1965 Unclas

AFWL-T--65-43 Experimental Study of Strauss Wave
Interaction in Photoviscoelastic
Plates Jan 1966 Unclas

AIWL-TR-65-46 The Development and Evaluation of
a Miniature Velocity Gage Mar 1967 Unclas

AFWL-TR-65-48 A Comparison of '.Ae Dynamic and
Static Shear Strengths of Cohesion-
less and Combined Soils Aug 1966 Unclas

APWL-TR-65-51 Behavior of Rocks and Soils Under
High Pressure Dec 1965 Unclas

APWL-TR-65-59 Step Load Moving with Superseismic
Velocity on the Surface of a Half-
Space of Granular Material Sep 1965 Unclas

AFWL-TR-65-67 Study of Waveform Characteristics for
Use in the Analysis of Shock Isolation
Systems for Underground Protective
Structures Jan 1967 Unclas
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Report No. Title Date Class.

AFWL-TR-65-71 Development of Equipment and Proce-
dures for Producing Large Quantities
of Foamed Sulphur in the Field Jan 1966 Unclas

AFWL-TR-65-75 A Study of Paramecers and Methods
Involved in Relative Displacement
Measurements in Soil Jun 1965 Unclas

ANWL-TR-65-78 An Experimental Investigation of the
Arching Phenomenon Occurring Over a
Buried Rectangular Plate Jun 1966 Unclas

AFWL-TR-65-82 Optimal Shock Isolation Synthesis Jul 1966 Unclas

AIWL-TR-65-92 The Great Alaska Earthquake, Vol. I Nov 1965 Unclas

AFWL-TR-65-92 The Great Alaska Earthquake Vol. II Ncv 1965 Unclas

AFWL-TR-65-98 Pressure Distribution on Underground
3tructural Cylinders Apr 1966 Unclas

AFWL-TR-65-99 Behavior of Flexible Underground
Cylinders Sep 1965 Unclas

AFWL-TR-65-104 Development of the University of
New Mexico Soil Stress Gage Aug 1966 Unclas

AFWL-TR-65-115 Digital Calculation of Axisymmetric

Elastic-Plastic Ground Motions Nov 1965 Unclas

AFWL-TR-65-116 Fagineering Classification and Index
Properties for Intact Rock Dec 1965 Unclas

AFWL-TR-65-122 Response of Cylindrical Shells
Encompassed with Isolation Material
to a Plane Pressure Pulse Feb 1966 Unclas

AFWL-TR-65-140 Fracture of Gypsum Plasters and
Cement Mortars by Dynamic Loading Dec 1965 Uncles

AFWL-TR-65-141 An Annotated Bibliography of
Protective Structures Research Sep 1965 Uncles

AFWL-TR-65-145 Structural Behavior of Ring Sections
Under Nonuniform External Pressure Mar 1966 Uncles

AFWL-TR-65-146 Investigation of Equation of State
of Porous Earth Media Feb 1966 Unclas

APWL-TR-65-156 Development of Controlled ImpulseTechnique for In-Situ Testing of

Rock Fab 1966 Uncles
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Report No. Title Date Class.

AFWL-TR-65-160 Nonlinear Static Arching for
Vertically Buried Prismatic
Structures Aug 1966 Unclas

AFWL-TR-65-161 Experimental Study of Static and
Dynamic Friction Between Soil and
Typical Construction Materials Dec 1965 Unclas

APWL-TR-65-176 An Investigation of the Dynamic
Behavior of a Partially Saturated
Silt With Applications to Shock-
Wave Propagation May 1966 Uncles

AFWL-TR-65-178 Structure-Medium Interaction in
a Nonelastic Medium May 1966 Uncles

AIWL-TR-65-180 A Study of the Propagation of
Stress Waves in Sand Mar 1966 Uncles

AFNL-TR-65-191 Multichannel Time-of-Arrival
Instrumentation System Feb 1966 Uncles

AFWL-TR-65-201 Preliminary Investigation of
Structural Properties of Stabilized
Pressed Earth Blacks Mar 1966 Uncles

APWL-TR-65-202 Development and Test of Aircraft
Protective Revetments Dec 1965 Uncles

AFWL-TR-65-204 Theory for Viscous Shock Attenuation
in Ducts Based on the Kinetic Theory
of Gases Experimentally Verified to a
Shock Strength of 68 Jul 1966 Uncles

ANWL-TR-65-206 Aircraft Characteristics for Airfield
Pavement Design and Evaluation Mar 1966 Uncles

AFWL-TR-65-207 Soil Strain Gage Instrumentation Apr 1966 Uncles

APWL-TR-65-211 Calculation of Underground ind
Surface Explosions Jun 1966 Unclas

APWL-TR-65-224 Simulation Devices for Use in Studies

of Protective Construction Feb 1966 Unclas

APWL-TR-66-4 Hardened Comunication Cable System
Component Test Program Jul 1966 Secret

APWL-TR-66-19 Theory and Structure of the Afton
Codes Jun 1966 Uncles
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SReport No. Title Date Class.

AFWL-TR-66-21 A Geometrical Method of Studying Wave
Propagation Through Real Geologic
Layered Media Apr 1966 Unclas

AFWL-TR-66-39 Development of an Unlinked Long
Span Strain Gage Sep 1966 Unclas

AFWL-TR-66-47 Development and Evaluation of Pro-
Tective Revetments Nov 66 Unclas

AFWL-TR-66-50 Investigation of Flash X-Ray
Techniques in Soil Dynamics and
Interaction Problems Aug 1966 Unclas

AFWL-TR-66-51 Piezoresistive Soil Stress Gage Sep 1966 Unclas

AFWL-TR-66-54 Photoelastic Study of Wave Propagation
Propagation Oct 1966 Unclas

AFWL-TR-66-56 Stress Wave Propagation in Confined
Soils Oct 1966 Unclas

APWL-TR-66-57 Feasibility Study for Using Sulphur
Aggregate Mixtures as a Structural
Material Sep 1966 Uuclas

APWL-TR-66-59 Statistical Design Procedures for
Shock Isolation Systems Sep 1966 Secret-RD

APWL-TR-66-63 Effects of Source Geometry on

Direct-Induced Ground Motions Jan 1967 Secret

AFWL-TR-66-81 Response of Clay to Shock Loading Jun 1967 Uncles

AFWL-TR-66-83 Generation of an Elastic Wave by Quasi-
Static Isentropic Expansion of a Gas in
a Spherical Cavity; Comparison Between
Finite Difference Predictions and the
Exact Solutions Sep 1966 Uncles

AFVL-TR-66-84 *se of Distorted Models in the Study
of Dynamically Loaded UndergroundSSt ructures Oct 1966 Unclas

• "AWL-M-66-85 Simulation of Airblast-Induced
Ground Motions Phase II A Oct 1967 Uncles

APWI.-TR-66-86 Structural Response of a Hardened
UHG Antenna (4373-4) Apr 1967 Secret
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Report No. Title Date Class.

AFWL-TR-66-113 Computation by the Method of Charac-
teristics of Disturbance in an Elastic
Half-Space Caused by Blast-Like
Surface Loading Jan 1967 Unclas

AFWL-TR-66-118 Shock Unloading Characteristics of
Porous Geological Materials Jan 1967 Unclas

AFWL-TR-66-123 A Geometric Technique for Studying
Surface Motions from Underground
Nuclear Explosions in Real Geologic
Layered Media Jan 1967 Unclas

AFWL-TR-66-124 Properties of Rocks Tested in One-
Dimensional Gompression Jdn 1967 Unclas

AFWL-TR-66-134 Calibration of a Vertical Shock Tube
and Its Associated Soil Bin Aug 1967 Unclas

AJWL-TR-66-138 Effects of Container Boundaries on
Free-Field Behavior of Dense Sand
Subjected to Shock Loading Feb 1967 Unclas

APWL-TR-66-140 Ultimata Load-Behavior Curves for
Reinforced Concrete Flexural Members Oct 1967 Uncles

APW-TR-66-146 Wave-Propagation Studies in Laterally
Confined Columns of Sand Jun 1967 Unclas

APWL-TR-66-147 Evaluation of Structural Research
Modei Phases I1 and IIA BEST May 1967 Secret

AFWL-TR-66-154 A Sonic Boom Study for the Struc-

tural Engineer Mar 1967 Uncles

APWL-TR-66-155 Soil Stabilization for Construction

of Lw-Strength Austere Ianding
Strips Mat 1967 Uncles

AIPWL-TI-66-160 An Annotated Bibliography of
Protective Structures Research Feb 1967 Uncles

AYWL-TR-67-7 Effects of Cross Inaccuracies in
Structure Alignment and Soil
Resistance Properties on the Response
of Buried Structures to Nuclear B5st
Loadings Aug 1967 Uncles

APWL-TI-67-8 Multiple Threat Cratering Experiment
Vol. I Volume I: Successive Cratering in

Hard lock Apr 1967 Uncles

SI I 1-14
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Report No. Title Date Class.

AFWL-TR-67-8 Multiple Threat Cratering Experiment
Vol. II Volume II: Ground Motion in Rock Jul 1967 Unclas

AFWL-TR-67-12 Tonedown Treatment of Runways--
State of the Art Sep 1967 Unclas

AFWL-TR-67-15 Evaluation of 400-Cubic-Foot Soil
Bin Loaded Dynamically by a Large
Shock Tube Aug 1967 Unclas

AFWL-TR-67-16 An Experimental Investigation of the
Dynamic Response of Model Silo-Type
Structures in Cohesive Soils
Phase I, Soil Properties Oct 1967

AFWL-TR-67-21 Exponentially Decaying Pressure Pulse
Hoving With Superseismic Velocity on
the Surface of a Half Space ofGranular Material Jul 1967 Unclas

AFWL-TR-67-25 Comparison Studies of Finite Dif-
ference Results for Explosions on
the Surface of the Ground May 1967 Uncles

AFWL-TR-67-27 Numerical Ground Motion Studies,
Vol. I Volume I: Study of Numerical Solu-

tion Errors in One- and Two-Dimensional
Finite Difference Calculations of
Ground Motion Jul 1967 Uncles

AFWL-TR-67-28 Aerodynamic Effects on a Structure
Oscillating Within a Confined Cavity Oct 1967 Uncles

APWL-TR-67-50 Evaluation of Soil Strain Gage
Instrumentation Aug 1967 Uncles

ANWL-TR-67-61 Shear Behavior of Deep Reinforced
Vol. II Concrete 3eams,

Volume II: Static Tests Oct 1967 Uncles

AFNL-TR-67-65 Behavior of Small Vertically Buried
Cylinders Oct 1967 Unclas

AIWL-TR-67-69 Hand Solution of One-Dimensional
Inelastic Wave-Propagation Problems Oct 1967 Uncl.s

AFWL-TI-67-72 Experimental Vcrifircation of Neutron
Transport Calculations in Lithium
Hydride Nov 1967 unclas

APWL-TR-67-90 A Freesing Technique for Gage
Placement Oct 1967 Uncles
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isport- No. Title Date Class.

A~iN-TR-67-102 HIP-lA Data Report Oct 1967 Unclas

ANWL-TR-67-107 Chemical Stabilization of Playa Soils Nov 1967 Unclas

AFWL-TR-67-110 Investigation of Buried Domes,
Phase 1, Evaluation of Instrumen-
tation and Preliminary Tests Dec 1967 Unclas

TDR-61-66 A Method for the Prediction of Ground
Shock Phenomena in Soils Mar 1962 Secret

TDR-61-93 Geologic Structures Stability and
Deep Protection Construction Nov 1961 Unclas

TDR-62-1 Investigation of Silo and
Tijunnel Linings Mar 1962 Unclas

TDR-62-2 Study of the Use of Models to
Simulate Dynamically Loaded
Underground Structures Jan 1962 Unclas

TDR-62-3 Study of the Use of Models to
Simulate Dynamically Loaded
Underground Structures Feb 1962 Unclas

TDR-62-6 Preliminary Design Methods for
Underground Protective Structures Jun 1962 Secret

TD)-62-9 Design and Analysis of FoundaLions
for Protective Structures Apr 1962 Uncles

TDI-62-10 Study of Blast Closure Devices Feb 1962 Unclas

TDR-62-30 Theoretical Study of Structure-
Medium Interaction Mar 1962 Uncles

TDR-62-43 Theoretical. Study of Energy Distri-
bution in a Half-Space Under
Dynamic Loads Jul 1962 Uncles

TOR-62-44 Radiographic Instrumentation Study Apr 1962 Uncles

TDR-62-47 Study of Stress Wave Interaction
With Buried Structures May 1962 Uncles

TDM-62-56 High-Compressive-Strength Concrete Aug 1962 Uncles

1.
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Report No. Title Date Class.

TDR-62-64 Guide for the Design of Shock Iso-
lation Systems for Underground
Protective Structures Oct 1962 Unclas

TDR-62-90 Laboratory Experiments on the
Response of Soils to Shock Loadings Jan 1963 Unclas

TDR-62-91 Energy Absorption Capacity of
Granular Materials in One-
Dimensional Compression Jul 1962 Unclas

TDR-62-126 Symposium on the Equation of
State for Earth Materials Nov 1962 Unclas

TDR-62-138 Air Force Design Manual--
Principles and Practices for
Design of Hardened Structures Dec 1962 Unclas

TDR-62-153 Experiments on the Measurement
of the Response of Rocks to
Dynamic Loads Mar 1963 Unclas

TDR-63-2 Step Load Moving with Low Sub-
seismic Velocity on the Surface
of a Half-Space of Granular
Material Apr 1963 Unclas

TDR-63-3 Development of a Small Soil
Strain Gage Mar 1963 Unclas

TDR-63-5 Calibration of a 6-Foot and
a 2-Foot Diameter Shock Tube Jun 1963 Uncles

TDR-63-6 Study of the Collapse of Small
Soil-Surrounded Tubes Jun 1963 Uncles

TDR-63-26 Study for Development of Reciprocity
Procedures for Analyzing Data from
Underground Explosion Tests Jun 1963 Unclas

TDR-63-27 The Use of Rock Filters to
Attenuate Air Shocks Mar 1963 OUO

TDR-63-43 A Theoretical Analysis of
Stress Wsve Interaction in
a Model Soil Ju" 1963 Unclas

TDR-63-45 Research Studies on Free Field
Instrumentation Jun 1963 Unclas

TDR-63-47 Experimental Study of the Effect
of Material 'P 'partles on Coupling
of Ex-" •' a 3nergy May 1%3 Uncl"
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Report No. Title Date Class.

TDl-63-48 Feasibility Study of Methods for
Dynamic Three-Dimensional Photo-
elasticity Jun 1963 Unclas

TDR-63-53 Close-In Effects from Nuclear
Explosions Jun 1963 Unclas

TDR-63-3020 A Study of the Design and Analysis
of Foundations Jan 1964 Unclas

TDK-63-3021 Interaction of Plane Elastic Waves

With a Cylindrical Cavity Jun 1963 Unclas

TDR-6!-3023 Project 1080 Research Summary Aug 1963 Unclas

TDR-63-3024 Gage Placement Study Aug 1963 Unclas

TDR-63-3025 Bibliography of Extraterrestrial
Research Jun IQ63 Unclas

TDR-63-3041 Evaluation of Tunnel Livers IL
Granite--Shot Hardhat, Operation
Nougat
Vol. II: Proposed Tests of Lined
Tunnels in Granite Feb 1964 Uncles

Vol. III: Static Stress-Strain
Curves for Various Materials
Investigated for Use as Packing Feb 1964 Unclas

Vol. IV: Static Tansino Tests of
Lining Materials and Static Test
of 8-Gage Tunnel Liner Plate Feb 1964 Unclas

Vol. V: Removal of Tunnel -- ners Aug 1964 Unclas

TDR-63-3048 Stress Waves in Granular Material Jul 1963 Unclas

TID-63-3052 Scattering of Transient Elastic
Waves by a Circular Cavity Jan 1964 Unclas

TDm-63-3055 Development of an Apparatus for the
Dynamic Direct Sheat Testing of Soils Oct 1963 Unclas

YDR-63-3059 Tvo-Dimensional Dynamic Stress
Analysis in a Nonelastic Material Nov 1963 UncL, s

TDA-63-3060 A Study of Static and Dynamic
Resistance and Behasvior of Structural
Elemuts Jan 1964 Unclas

TDR-63-3061 Studies in Axially Symetric Uave
Propagation Problem in Plastic
and Hydrodynamic Media Jan 1964 Ikclas
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.Reort No. Title Date Class.

TDR-63-3064 Use of Models Lo Predict the Behavior
of Dynamically Loaded Underground
Structures Jan 1964 Unclab

TDR-63-3073 The Calibration and Interpretation
of Recorded Shock-Tube Presure Data
Using Piezoelectric Sensors Nov 1963 Unclas

TDR-63-3075 A Study of the Dyndaic Soil-
Structure Interaction
Characteristics of Real SoLl Media Jan 1964 Unclas

TDR.-63-3078 Static and Dynamic Behavior of a
Playa Silt in Oue-Diu~ensional
Compression Sep 196. Unclas

TDR-63-3082 Dynamic Model Tests, NORAD Combat
Operations Center Jun 1964 Unclas

TDR-63-3085 Analvtical and Experimental
Inveatigationa of Silo and
Tunnel Linings Jan 1964 Unclag

TDR-63-3089 The Behavior of Sand in One-
Dimensional Compression Oct 1963 Unclas

TDR-63-3091 A Study of the Parawmters Which
Affect Scaling of Underground
Structures Jan 1964 Unclag

r'R-63-3092 Behavior of Simple and Restrained
Deep Reinforced Concrete Beams Under
Static Loading Mar 1964 Unclog

TDR-63-3096 Design Procedures for Shock
Isolation Syszema of Underground
Protective Structures
Vol. I- Structure Interior Notions Due
to Air Blast luduced Ground Shock Jun 1964 Unclog
Vol. II: Structure Interior Noticos
Due to Directly Tranvmitted Ground
Shock sop 1964 Uncleg
Vol. III: Response Spectra of Single-
Degiee-of-Freedom Elostic and
Inelastic Systems Jun 1964 uncle.
Vol. IV: Reeponse of Tvo-begrec.-ul-
Freedom Elrstic and Inelastic System Jan 1965 Unclog
Vol. V: Papoose Spectra of Nulti-
Degree-of-Freedou Elastic System Apr 1965 unclog
Vol. V, Suppl.: A CoWuter Program
for tha Comutation of Dytanic
Structuril Resposme Apr 1966 Uncl-s
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Report No. Title Date Class.

TDR-63-3106 Pilot Study into tha Arching
Phenomenoa Fpb 1964 Unclas

TDR-63-3109 The Interaction Between a
Structural Tube and The
Surrounding Soil Jan 1964 Unclas

TDR-63-3114 High Compressive Strength Concrete Jan 1964 Unclas

TDR-63-3116 A Study of the Behavior of a Clay
Under Rapid and Dynamic Loading in
the One-Dimensional and Triaxial
Tests Jun 1964 Unclas

TDR-63-3125 Theoretical Study of Energy Distri-
bution in a Half-Space Resulting
from Dynamic Loading in a Depres-
sion at the Origin Mar 1964 Unclas

TDR-64-3 Pore-Air Pressure Study Feb 1964 Unclas

WL-TDR-64-4 The Mechanical and Optical Characteri-
zation of Hysol 8705 With Application
to Photoviscoelastic Analysis Jun 1964 Unclas

WL-TDR-64-5 Step Load Moving on the Surface of a
Half-Space of a Locking Material Sub-
seismic Case Dec 1963 Unclas

WL-TDR-64-7 Development of a Soil Strain Gage for
Laboratory Dynamic Tests Apr 1964 Unclas

WL-TDR-64-8 Step Load Moving on the Surface of a
Half-Space of a Locking Ma-erial Sub-

seismic Case Feb 1964 Unclas

4L-TDR-64-11 A Peak Load, Self-Recording On-
Structure Stress Gage Jun 1964 Unclas

WL-TDR-64-12 A Theoretical Analysis of Stress
Wave Interaction in a Model Soil
-- Further Studies Apr 1964 Unclas

WL-TDR-64-13 The Response of Buried Cylinders
to Quasi-Static Overpressures Sep 1964 Unclas

WL-TDR-64-20 Feasibility Study of Shock Iso--
lating a Very Large Structure Sep 1964 Unclas

WL-TDR-64-27 Prediction Calculations for Tree
Field Ground Motion May 1964 Unclas
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Report No. Date Class.

WL-TDR-64-28 Response of Foam-Isolated Tun.nel
Linings to Transient Loadings Jun 1964 Unclas

WL-TDR-64-29 Bibliography of Extraterrestrial
Research (2nd Edition) Jul 1964 Unclas

WL-TDR-64-35 A Study of Dynamically Loaded
Composite Members Jul 1964 Uncles

WL-TDR-64-47 Strain Variation in a Triaxial
Soil Test Sep 1964 Unclas

WL-TDR-64 -51 Evaluation and Interpretation
of Ejecta Data from Cratering
Explosions May 1964 Secret

WL-TDR-64-52 Shock Unloading Characteristics
of Crushable Rocks Aug 1964 Uncles

WL-TDR-64-53 A Study of the Feasibility of
Shock Isolating Very Large
Manned Cnderground Structures Jun 1964 Unclas

WL-TDR-64-54 Response of Deep Reinforced
Concrete Slabs Feb 1964 Unclas

i T-TDR-64-55 Multi-Channel Time of Arrival
Instrumentation Apr 1964 Unclas

WL-TDR-64-59 Investigati n of Equation of
State of Forous Material Aug 1964 Unclas

WL-TDR-64-64 A Study of the Behavior of
Thick Cylindrical Shells Apr 1965 Unclas

WL-TDR-64-65 Three-Dimensional Photoelasticity
Study of Thick-Walled Cylindrical
Shells Aug 1964 Unclas

WL-TDR-64-72 Studies of Finite Difference
Techniques for Continuum
Mechanics Dec 1964 Unclas

WL-TDR-64-76 The Investigation of the Detonation
-- Shock Tube Technique May 1964 S-RD

WL-TDR-64-91 A Quasi-Static Theory of Soil
Structure Interaction Sep 1964 Unclas
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SECTION IV

Listing by Contractor
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DOCUMENT NUMBERS
Contractor TM TN TR TDR

In-House 57-2 59-1 58-23 62-126
58-3 59-11 61-12 63-3023
59-1 59-14 65-11 63-3082
59-2 60-39 65-13 63-3092

61-7 65-26 64-8
61-26 65-21 64-20

65-92, V.I 64-29
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

Eric HI. Wang Civil Engineering Research
Facility (University of New Mexico) 64-108 63-5

65-9 63-27
65-46 63-2073
65-75 63-3106
65-176 64-3
65-180 64-13
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
6 7-110

IV-5



DOCUMENT NUMBERS

Contractor TH TN TR TDR

Agbabian-Jacobsen Associates 67-28

American Machine and Foundry Company 57-32 56-46 62-3
59-4 58-19 62-10

59-2 62-44
60-8
61-5

Applied Theory 67-27, V.I

Armour Research Foundation 56-66 57-1 62-1
57-18 59-3 62-9
57-27 59-16 62-47
57-37 59-47 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

Atlantic Research Corporation 58-48

Boeing Company 64-111 64-51
64-164
67-8, V.1

Broadview Research Corporation 57-9
57-29
59-24
60-41

California Institute of Technology 64-4

Colorado, University of 64-163

Davisson, M. T. 64-118

Firestone Flight Sciences Laboratory 64-155

General American Transportation Corporation-MRD 64-76 62-43
64-113 63-3091
64-143 63-3C96

63-3125
63-143
64-55
64-76
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DOCUMENT NUMBERS

Contractor TM TN TR TDR

Grunm•an Aircraft Engineering Corporation 65-20, V.I,II

IIT Research Institute 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

Illinois, University of 59-8 56-47 62-6
57-21 62-91
57-22 62-138
j7-23 63-3021
58-5 63-3041,V.I,II,

III, IV, & V
59-9 63-3078
59-18 63-3089
59-70 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

Iowa State University 64-142 62-2
66-84 63-3064

Louisiana State University 64-64

Massachusetts Institute of Technology 61-48 63-6
61-58 63-3109
65-98
65-99

Melpar, Inc. 65-140

Mechanics Research 65-145
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DOCUMENT NUMBERS
Contractor_ TM TN TR TDR

Michigan, University of 57-32
57-45

58-28
58-49
59-58
60-1
61-60

Missouri, University of 61-93
62-153

National Engineering Science Company 61-6 62-30
63-43
63-3052
64-12

New•ark, N.M., Cotu U %LLaj =n&L-ce-iz-g 60-5 63-3096, Vol.V
Service Supplement

66-147

Northrup Ventura Corporation 64-72

Notre Dam, University of 65-48 63-305S

Nortronics 66-19

Physics International Company 65-211 64-27

Prismo Safety Corporation 67-12

Purdue University 65-161 62-90
66-81

Ralph r. Parsons Company 65-67 64-53

Sandberg Serrell Corporation 59-49

Science Engineering Associatioi 65-178

Shannon and Wilson 64-112
64-175

Southwest Research Institute 65-71 64-54
66-57

bpace Technology Laboratories, Inc. 56-48 63-3061
61-6 64-59
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DOCUMENT NUMBERS

Contractor TM TN TR TDR

Stanford Research Institute 56-48 64-59
58-23
59-71
60-20
65-146
66-113

Technology Incorporated 66-59

Texas, University cf 65-8 64-35

United Electro Dynamics Corporation 60-55 63-45
64-11

Unitee Research Services 63-47
63-3075

Utah, University of 66-124

Washington, University of 65-12

U.S. Department of Interior b5-156

Waterways Experiment Station, USA 65-16 62-56
63-3114

Weidlinger, Paul, Consulcing Engineer 60-30 59-10 61-66
64-F 63-2
67-21 63-3048

64-5
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