International Symposium on Interaction of

Non-Nuclear Munitions with Structures

1989

Gerald Ast , Sigma Karlsruhe Engineers,
WEST GERMANY

ENGINEERING IN THE FIELD OF PROTECTIVE
STRUCTURE DESIGN

Chen Zhao- yuan and Wang Shuang - jin | PROGRESS IN BLAST- RESISTANT STRUCTURES | 4
Tsinghua University , Beijing , CHINA RESEARCH
Arnon Rozen, BNE-Beitkha, ISRAEL DES IGN OF ROCK TUNNELS IN ROCK DAMAGE 10
ESTIMATES AND ENGINEERING
COUNTERMEASURES
Rickard Forsen and Torbjorn Jonasson PROMIX . A COMPUTER CODE FOR CALCULATING | 15
Swedish Defence Research Establishment | BUILDING DAMAGE FROM INTERNAL EXPLOSIONS
, SWEDEN
Paul W . Gr ah am, Gayle E. Albritton and | FAR - FIELD EFFECTS ON STRUCTURES FROM A | 21
James B . Cheek, U. S. Army Engineer HIGH - EXPLOSIVE DETONATION
Water- ways Experiment Station
Henry S. McDevitt, Jr, U.S. Army EXTERNAL SHOCK MITIGATION FOR BURIED
Engineer Waterways Experiment Station STRUCTURES
W . Pfrang, W. Bergerhoff and H. J . THE RESPONSE OF AN AIRCRAFT SHELTERTO | 32
Schittke Industrieanlagen - A BURIED EXPLOSION 3D COUPLED SIMULATION
Betriebsgesellschaft mbH WEST
GERMANY
Quentin A. Baker, Wilfred E. Baker and | BLAST LOADING FROM ARRAYS OF PARALLEL |40
Kathy H. Spivey, Wilfred Baker LINE CHARGES
Engineering , and Edward D. Esparza,
Southwest Research Institute
G. Scheklinski-G luck, SCALE MODEL TESTS TO DETERMINE BLAST 45
Ermnst-Mach- Institut, WEST GERMANY PARAMETERS IN TUNNELS AND EXPANSION
ROOMS FROM HE - CHARGES IN THE TUNNEL
ENTRANCE
Bengt E. Vretblad, Royal Swedish EVALUATION OF TRANSMITTED STRESS 50
Fortification Administration, and ACROSS A SEMI - RI GI D BOUNDARY CON- DITION
Mark Amend, Directorate of Engineering FOR A MODEL RUNWAY SLAB
Analysis
Hermann Pahl, NATO Headquarters, PENETRATION OF PROJECTILES INTO 55
BELGIUM FINITE THICK REINFORCED CONCRETE TARGETS
Bengt E. Vretblad, Royal Swedish CONCRETE PENETRATION - ARE ALL 61

Fortification Administration, SWEDEN, and
Phillip T. Nash, Southwest Research
Institute

PENETRATION FORMULAS CREATED EQUAL AND
CAN THEY BE USED EQUALLY?




M. J. Worswick, D . J. Mackay, A. INVESTIGATION OF EXPLOSIVELY FORMED 67

McQuilkin, PROJECTILES IMPACTING CONCRETE

C. A. Weickert, T. Storrie and S. Mowers,

Defense Research Establishment Suffield,

CANADA

M. J. Iremonger, Royal Military College of | SMALL ARMS PENETRATION OF CONCRETE 74

Science, K. J . Claber, Military Works

Force, UNITED KINGDOM, and

K. Q. Ho, Housing and Development

Board, SINGAPORE

William F. Anderson, Alan J. Watson and USE OF ROCK / POL YMER COMPOSITES AS 80

Andrew J. Gallagher, University of PROTECTIVE MATERIALS

Sheffield, UNITED KINGDOM

D. Favarger, Defense Technology and RICOCHET AND SHALLOW PENETRATION OF 86

Procurement Agency , SWITZERLAND BOMBS IMPACTING ON HARD LAYERS

and P. Eyer, M. Koller, Glauser, Studer,

Stussi, Consulting Engineers,

SWITZERLAND

Helga Langheim and A. J. Stilp, PENETRATION TESTS WITH SCALED AP 92

Ernst-Mach-Institut, WEST GERMANY AND MK-BOMB MODELS IN LAYERED
STRUCTURES

Larry A . Schoof , Frank A , Maestas, NUMER | C AL METHOD TO PREDICT PROJECTILE | 98

Applied Research Associates , Inc ., and PENETRATION

C . Wayne Young , Sandia National

Laboratories

H. J. Hader, E. Basler & Partners, MULTIPLE HITS: A NEW THREAT TO CONSIDER? 104

S WITZERLAND

Werner Heierli and Max Gloor, Heierli PROTECTIVE LAYERS FOR MULTIPLE HITS AND 109

Consulting Engineers, Inc. SWITZERLAND | PENETRATORS - REQUIREMENTS AND CHANCES

Teresa Taylor , University of Missouri - IMPLICATIONS OF CENTRIFUGE PENETRATION 114

Columbia /Kansas City, and TESTS FOR USE OF YOUNG'S EQUATION

Richard J . Fragaszy, Washington State

University

Ronald J. Massa, LORRON THE BombCAD ZONE OF INVOLVEMENT (ZOl) 119

CORPORATION, MODEL - A MACRO MODEL FOR ASSESSING

and John W. Howard , Everett |. Brown STRUCTURAL DAMAGE FROM HIGH EXPLOSIVE

Company DETONATIONS

J . Ballmann, Technical University Aachen, | STRESS WAVE PROPAGATION IN THICK 126

and K. S.Kim, W. Nachtsheim, ITAM SLABS SUBJECTED TO BLAST OR IMPULSIVE

Consultants, WEST GERMANY LOADS

Michael C . R. Davies, University of Wales | BURIED PROTECTIVE STRUCTURES 132

College of Cardiff , UNITED KINGDOM SUBJECTED TO SURFACE IMPACT LOADING- AN
EXPERIMENTAL STUDY

J.M.Terrier and J.F. X. Boisseau, NUMERICAL SIMULATIONS OF REINFORCED 137

SNPE Centre de Recherche du Souchet, STRUCTURE RESPONSE SUBJECTED TO HIGH

FRANCE EXPLOSIVE DETONATION

Gerhard H . Guerke, LARGE PLASTIC DEFORMATION OF STEEL 145

Ernst - Mach - Institut, WEST GERMANY | PLATES AT IMPULSIVE BLAST LOAD

Thomas P. Carroll, THE IMPORTANCE OF DYNAMIC REACTIONS IN 154

Center for Blast Resistant Design

THE DESIGN OF EXPLOSIVELY LOADED FLEXURAL
MEMBERS




D. Kraus, Universitat der Bundeswehr A NEW BLAST METHOD FOR CONCRETE 157
Munchen, WEST GERMANY BRIDGES
Jonas Palm, FINITE ELEMENT ANALYSIS OF CIVIL 161
Royal Swedish Fortifications DEFENSE SHELTER SUBJECTED TO BLAST
Administration, SWEDEN LOAD
W. P. M. Mercx, Prins Maurits Laboratory | THE NOR MA L MODE TE CH NIQUE : APPLIC A - 167
TNO, THE NETHERLANDS TIONS FOR THE ANALYSIS OF TRANSIENT
LOADED STRUCTURES
David Kossover, Norval Dobbs, Ammann & | ENGINEERING - QUANTITY /DISTANCE 173
Whitney, Consulting Engineers, and ANALYSIS OF AMMUNITION AND EXPLOSIVES
Joseph Caltagirone, U.S. Army Armament | OPERATIONS
Research, Development and Engineering
Center
Patricia Moseley Bowles, Southwest FRAGMENT AND DEBRIS HAZARD EVALUATION - A | 179
Research Institute NEED FOR NEW Q-D CRITERIA FOR DOE
FACILITIES
Eve Hinman, Weidlinger Associates INTERACTION OF DEFORMATION AND SHOCK 184
RESPONSE FOR BURIED STRUCTURES SUBJECT
TO EXPLOSIONS
Darrell D. Barker and Steven L. Young, TEST PROGRAM FOR DETERMINATION OF 190
Mason & Hanger - Silas Mason Co., Inc. REFLECTED PRESSURES IN ACCEPTOR BAYS
A. Assadi - Lamouki , AEC Engineers, and | A MODIFIED TIMOSHENKO BEAM APPROACH FOR | 196
T. Krauthammer, University of Minnesota THE ANALYSIS OF REINFORCED CONCRETE
STRUCTURES UNDER IMPULSIVE LOADS
Theodor Krauthammer, Walter Schimdt, A COMBINED SYMBOLIC- NUMERIC PROCESS FOR | 202
and STRUCTURAL ASSESSMENT WITHIN A LARGE
Raman Muralidharan, University of SCALE DECISION SUPPORT SYSTEM FOR POST
Minnesota ATTACK ENVIRONMENTS
Timothy . J . Ross, University of New STOCHASTIC METHODS FOR PROTECTIVE 208
Mexico, and Shyh - Yuan KLmg, Intelligent | STRUCTURES DESIGN
Systems Integration, Inc.
X. L. Liuand C. M. Liu, Tsinghua FUZZY PROBABILITY ANALYSIS OF BASEMENT
University , CHINA TYPE SHELTERS
Steven L. Young and Darrell D. Barker, TWO-POUND HIGH EXPLOS .I VE TEST FIRE 219
Mason & Hanger - Silas Mason Co,, Inc CHAMBER DESIGN, CONSTRUCTION AND TESTING
C. A. Mills, WS Atkins & Partners, UNITED | THEDESIGN OF UNDERGROUND MASS TRANSIT 224
KINGDOM STRUCTURES TO RESIST CONVENTIONAL
WEAPON EFFECTS
T. F. Moriarty and P. von Buelow, The DESIGN, DEVELOPMENT AND TESTING OF A 230
University of Tennessee HARDENED UNDERGROUND TRANSPORTABLE
COMPOSITE HYPERBOLIC PARABOLOID (HUTCH)
SHELTER
Micaela and Reuben Eytan, Eytan Building | PRACTICAL EXPERIENCE IN THE DESIGN 236
Design Ltd., ISRAEL AND CONSTRUCTION OF RAPID
ERECTABLE PRE-ENGINEERED HARDENED
STRUCTURES
Yaakov Yerushalmi, The ASP Group TESTS PERFORMED ON THE ASP CONSTRUCTION | 242
SYSTEM
Phillip T. Nash, Southwest Research EARTHQUAKE DAMAGE REPAIR TECHNOLOGY 246
Institute, and James 0. Jirsa and Amador | APPLIED TO BLAST DAMAGED STRUCTURES
Teran , The University of Texas
Captain Darell J. Lawver, United States Air | ANALYSIS AND DESIGN RECOMMENDATIONS 254

Force Academy

FOR THE HAYMAN IGLOO CONVENTIONAL
WEAPONS STORAGE FACILITY




Frank Theos, Headquarters, United States | DESIGN AND CONSTRUCTION OF THE SEMI- 260
Air Forces in Europe HARD TR- 1 AIRCRAFT SHELTER
Phillip D. Stewart, Steven L. Young and | NON- PROPAGATING ONE POUND HIGH 266
A, G. Papp, Risk Management EXPLOSIVE STORAGE CABINETS
Department, Pantex Plant
K-L. Fricke, Engineering Office, LARGE SIZE PROTECTIVE DOOR - PART I: 272
Konstruktiv, WEST GERMANY STRUCTURAL DETAILS
D. Russwurm, Federal Armed Forces LARGE SIZE PROTECTIVE DOOR - PART I 275
Office for Studies and Exercises BEHAVIOR UNDER DYNAMIC LOADING
J. Hasler and H. H. Oppliger, LUWA Ltd., RESPONSE OF A BLAST VALVE TO SHOCK WAVES | 278
SWITZERLAND OF DIFFERENT DURATION
S. P. Shah, Northwestern University RATE EFFECT ON MIXED - MODE FRACTURE OF 283
CONCRETE
Hiroshi Yamaguchi and Kazuo Fujimoto, STRAIN RATE EFFECT ON STRESS-STRAIN 290
Japan Defense Agency, JAPAN, and RELATIONSHIPS OF CONCRETE
Setsuro Nomura, Science University of
Tokyo, JAPAN
Lawrence E. Malvern, David A. Jenkins, DYNAMIC TESTING OF CONCRETE WITH THE 296
Tianxi Tang, and Jyh - Cherng Gong, SPLIT HOPKINSON PRESSURE BAR
University of Florida
C. Allen Ross, S. T. Kuennen and W. S. HIGH STRAIN RATE EFFECTS ON TENSILE 302
Strickland, HQ AF Engineering and STRENGTH OF CONCRETE
Services Center
Joseph W. Tedesco and Robert M. INELASTIC ANALYSIS OF THE DYNAMIC SPLIT 309
Brunair, Auburn University, and CYLINDER TEST
C. Allen Ross, A. F. Engineering and
Services Center
Bruce Schneider, New Mexico Engineering | WEAPONS TESTS ON A SIFCON DEFENSIVE 315
Research Institute, University of New FIGHTING POSITION
Mexico
Parviz Soroushian, Michigan State IMPACT RESISTANCE AND MECHANICAL 321
University, Ziad Bayasi, Bradley University, | PERFORMANCE OF KEVLAR FIBER REIN- FORCED
and CEMENT COMPOSITES
Paul G. Riewald, E. I. DuPont De Nemours
& Co., Inc.
Hassen A. Hassen and Wayne A. Charlie, | SATURATED SAND LIQUEFACTION UNDER 327
Colorado State University EXPLOSIVE LOADING
Steven J . Pierce and Wayne A. Charlie, HIGH AMPLITUDE STRESS WAVE PRO PAGATION | 331
Colorado State University, and IN MOIST SAND
C. Allen Ross, HQ AF Engineering and
Services Center
J. Weerheijm, Prins Maurits Laboratory, STRUCTURAL RESPONSE IN IMPACT TENSILE 336
THE NETHERLANDS, and TESTS ON CONCRETE
H. W. Reinhardt, Darmstadt University of
Technology, WEST GERMANY
Major Guido Charles Georges Naeyaert, CRITERIA USED FOR THE PARTIAL 341
Ministry of Defence, BELGIUM SUBSTITUTION OF STEELBARS BY STEEL FIBERS
IN PROTECTIVE CONCRETE STRUCTURES
George Y . Baladi, Air Force Weapons ST R AIN- DEPENDEN T CAP MODEL FOR FITTING | 348
Laboratory / NT E MILL YARD TEST BED SOIL BEHAVIOR
Ching S. Chang and Anil Misra, University | STRESS - STRAIN BEHAVIOR OF SANDS- A 354

of Massachusetts

MICROSTRUCTURAL APPROACH




Kingsley Harrop - Williams , The BDM A GENERAL STRESS - STRAIN MODEL FOR 360

Corp. GRANULAR SOILS

Dusan Krajcinovic, University of lllinoisat | CONSTITUTIVE MODELLING OF CONCRETE 365

Chicago

Hans- Georg Mett , Federal Armed Forces | EMPIRICAL STUDY ON THE EFFECTS OF 372

Office for Studies and Exercises, WEST SHOCK LOADS ON AIRCRAFT SHELTER

GERMANY EQUIPMENT COMPONENTS AND ASSOCIATED
MOUNTING ELEMENTS

Hung - Liang Chen , Surendra P. Shah and | SMALL - SCALE MODEL TESTING FOR 378

Leon M. Keer, Northwestern University DYNAMICALLY LOADED BURIED STRUCTURES

Brian Hobbs, Alan J. Watson and Stuart J. | EXPLOSIVE TESTS ON MODEL CONCRETE 384

Wright , University of Sheffield, UNITED BRIDGE ELEMENTS

KINGDOM

F.Y. Sorrell, North Carolina State LABORATORY SIMULATION OF GROUND SHOCK | 391

University LOADING

Tony F. Zahrah and Douglas H. Merkle, GRAVITY EFFECTS IN SMALL-SCALE 396

Applied Research Associates, Inc. STRUCTURAL MODELING

Edward S. Gaffney, Ktech Corporation, CRATERING BY BURIED CHARGES IN WET MEDIA: | 402

Conrad W. Felice, 485th Civ. Eng. Sq.
(USAFE) and

R. Scott Steedman, Cambridge University ,
UNITED KINGDOM

COMPARISON OF CENTRIFUGE AND FIELD
EVENTS




AUTHOR INDEX

Albritton, G. E . ,21
Amend, M.,50
Anderson, W. F., 80
Assadi - Lamouki, A. , 196
Ast,G.,1
Baker, Q. A., 40

Baker, W. E., 40
Baladi, G. Y., 348
Ballmann, J., 126

Barker, D. D., 190,219
Bayasi, Z., 321
Bergerhoff, W . , 32
Boisseau, J. F. X., 137
Bowles, P. M., 179
Brunair, R. M.,309
Caltagirone, J., 173
Carroll, T. P., 154
Chang, C. S., 354
Charlie, W. A., 327,331
Cheek, J.B., 21

Chen, H-L., 378
Chen,Z-Y.,4

Claber, K. J., 74
Davies, M. C.R.,132
Dobbs, N., 173

Esparza, E. D. , 40

Eyer, P., 86

Eytan, M. , 236

Eytan, R., 236
Favarger, D., 86
Felice, C. W., 402
Forsen,R ., 15
Fragaszy, R. J., 114
Fricke, K-L ., 272
Fujimoto, K., 290
Gaffney, E. S., 402
Gallagher, A. J.,80
Gloor, M., 109
Gong, J-C., 296
Graham, P. W, .21
Guerke, G. J., 145
Hader,H.J ., 104
Harrop-Williams, K,, 360
Hasler, J ., 278
Hassen, H. A ., 327
Heierli, W., 109
Hinman, E., 184 Ho, K Q.,74
Hobbs, B., 384
Howard, J. W., -1 19
Iremonger , M. J.,74
Jenkins, D. A., 296
Jirsa, J. 0., 246
Jonasson, T,. 15
Keer, L. M., 378
Kim, K. S, 126
Koller, M ., 86
Kossover, D., 173

Krajcinovic, D. , 365

Kraus, D., 157
Krauthammer, T . , 196, 202
Kuennen, S. T., 302
Kung, S-Y. , 208
Langheim, H. , 92
Lawver, D. J., 254

Liu, C. M., 2111

Liu, X. L., 214
Mackay, D .J ., 67
Maestas, F. A ., 98
Malvern, L. E., 296
Massa, R, J ., 119
McDevitt, H. S., Jr., 26
McQuilkin, A ., 67
Mercx, W. P. M., 167
Merkle, D. H. , 396
Mett, 1-1-G ., 372
Mills, C. A., 221J

Misra, A ., 354
Moriarty, T. F., 230
Mowers, S., 67
Muralidharan, R., 202
Nachtsheim, W ., 126
Naeyaert, G. C . G., 341
Nash, P, T., 61,246
Nomura, S., 290
Oppliger, H. H., 278
Pahl, H., 55

Palm, J., 161

Papp, A. G., 266



Pfrang, W ., 32
Pierce,S.J., 331
Reinhardt, H. W ., 336
Riewald, P. G., 321
Ross, C. A ., 302,309,331
Ross, T.J., 208
Rozen, A., 10
Russwurm, D., 275
Scheklinski-Gluck, G., 45
Schimdt, W., 202
Schittke, H. J., 32
Schneider, B. , 315
Schoof, L.. A., 98
Shah, S. P., 283, 378
Sorousihian, P, , 321
Sorrell, F. Y., 391
Spivey, I(. H. , 40
Steedman, R. S., 402
Stewart, P. D., 266
Stilp, A, J., 92
Storrie, T. , 67
Strickland, W. S.,302
Tang, T., 296

Taylor, T,, 114
Tedesco, J, W,, 309
Teran, A., 246

Terrier, J.M., 137
Theos, F., 260

von Buelow, P., 230
Vretblad, 13. E., 50, 61
Wang, S-J., 4
Watson, A. J., 80, 384
Weerheijm, J., 336

Weickert, C. A., 67
Worswick, M. J., 67
Wright, S. J., 384
Yamaguchi, H., 290
Yerushalmi, Yaakov, 2112
Young, C. W., 98

Young, S. L., 190, 219, 266
Zahrah, T. F., 396



