
International Symposium on Interaction of   
Non-Nuclear Munitions with Structures 

1985 
 

 

H. Norman Abramson, Southwest 
Research Institute 

A BROADER PERSPECTIVE 1 

John R. Rempe1, Center for Planning & 
Research, Inc. and 
James E, Beck, James E. Beck and 
Associates 

STABILITY OF WALLS AGAINST AIRBLAST FORCES 5 

Hyla Napadensky, IIT Research 
Institute and 
Anatol Longinow, Illinois Institute of 
Technology 

EXPLOSION DAMAGE TO URBAN STRUCTURES 
ATLOW OVERPRESSURE 

12 

V. R. Miller, Air Force Flight 
Dynamics Laboratory 

EXPLOSIVE FUEL IGNITION EFFECTS ON AN 
AIRCRAFT NOISE SUPPRESSOR SYSTEM 

17 

Bernard C.J. Vienings,  
Hully and Associates 
Pretoria, SOUTH AFRICA 

BLAST AND FRAGMENT RESISTANT SYSTEMS 
(BFR) -TEST RESULTS 

24 

Michael K.W. Wang, Air Force 
Weapons Laboratory 

ASSESSMENT OF MODULAR STRUCTURES IN 
BLAST AND SHOCK ENVIRONMENTS 

29 

Timothy J. Ross, AF Weapons 
Laboratory 

CHARACTERIZING IMPULSIVE FAILURE IN 
BURIED REINFORCED CONCRETE ELEMENTS 

35 

S,A. Kiger, USAE Waterways 
Experiment Station and 
J.T. Painter, Louisiana Tech University 

A COMPUTATIONAL PROCEDURE FOR RESPONSE 
OF BURIED STRUCTURES TO CONVENTIONAL 
WEAPONS 

41 

C. Allen Ross, University of Florida 
and Paul L. Rosengren, Jr.,  
AF Engineering & Services 
Laboratory 

EXPEDIENT NONLINEAR DYNAMIC ANALYSIS OF 
REINFORCED CONCRETE STRUCTURES 

45 

Theodor Krauthammer and Mehul 
Parikh University of Minnesota 

STRUCTURAL RESPONSE UNDER LOCALIZED 
DYNAMIC LOADS 

52 

G. Hoffmann, Ernst-Mach-Institut, 
WEST GERMANY 

SIMULATION OF REAL WEAPON-EFFECTS IN 
MULTIPLE-DRIVER SHOCK TUBES 

56 

James T. Baylot and Sharon B. Bellue 
USAE Waterways Experiment Station 

DESIGN OF BURIED STRUCTURES FOR 
CONVENTIONAL WEAPONS THREATS 

62 

Reuben Eytan, Eytan Building Design 
Ltd., ISRAEL 

DESIGN OF LAYERED STRUCTURES AGAINST 
CONVENTIONAL WEAPONS 

68 

Felix S. Wong, Rudolf Y. Mak, David 
Kufferman and Paul Weidlinger, 
Weidlinger Associates 

A CASE STUDY 1N DESIGN OF UNDERGROUND 
SHELTERS 

74 

Jerzy T. Jacak and Hans Gesund, 
University of Kentucky 

INELASTIC  COLLAPSE ANALYSIS OF 
TRANSVERSELY LOADED CONCRETE SLABS 

78 

Yu-ao He, Tianjin University, CHINA SOIL-STRUCTURE INTERACTION UNDER BLAST 
LOADING 

84 



William E. Wolfe, The Ohio State 
University and 
David R. Coltharp, USAE Waterways 
Experiment Station 

PREDICTING CONCRETE SPALL RESULTING 
FROM DYNAMIC LOADING 

89 

David R. Coltharp, Sam A. Kiger, and 
Ken P. Vitayaudom 
USAE Waterways Experiment Station 
and Tom. J. Hilferty, AF Engineering & 
Services Laboratory 

BLAST RESPONSE TESTS OF REINFORCED 
CONCRETE BOX STRUCTURES: METHODS 
FOR REDUCING SPALL 

95 

Fausto Citernesi and Marco Zurru 
Snamprogetti SpA, ITALY and 
Yves Crutzen, Control Data Italia, 

DYNAMIC ANALYSIS OF A BURIED CONCRETE 
STRUCTURE SUBJECTED TO GAS PRESSURE 
LOADING 

101 

Friedhelm Scharpf, Industrieanlagen-
Betriebsgesellschaft, 
WEST GERMANY 

STRUCTURAL RESPONSE TO WEAPON LOADINGS 
AREAS OF APPLICATION OF EULERIAN, 
LAGRANGIAN AND COUPLES CODES 

107 

John E. Crawford and Peter J. 
Mendoza 
The Aerospace Corporation 

COMBINED FINITE ELEMENT AND LUMPED MASS 
TECHNIQUES FOR PARAMETRIC STRUCTURAL 
ANALYSIS OF STRUCTURES 

112 

X.L. Liu and W.F. Chen, Purdue 
University and T.Y. Chang, University 
of Akron 

INELASTIC ANALYSIS OF REINFORCED CONCRETE 
PANELS 

117 

Mehrn et Akgun and Frederick D. Ju 
University of New Mexico 

TRANSMISSIBILITY METHOD IN STRUCTURAL 
FRACTURE DIA GNOSIS 

127 

Firooz A. Allahdadi and James M. 
Carson New Mexico Engineering 
Research Institute 

EXPERIMENTAL EVALUATION OF REVETMENT 
EFFECTS 

132 

James W. Ball and David R. Coltharp 
USAE Waterways Experiment Station 

DEVELOPMENT AND TESTING OF IGLOO ROOF 
RETROFIT CONCEPTS 

137 

Peter Balazs and Bengt Vretblad, Royal 
Swedish Fortifications Administration, 
SWEDEN 

MODEL TESTS ON COMPOSITE SLABS OF LIGHT  
GAUGE METAL SHEET AND CONCRETE SUBJECTED 
TO BLAST LOADING 

143 

Vincent A. Meyer, New Mexico 
Engineering Research Institute 

THE MUST-IV (MULTI-UNIT STRUCTURE TEST) 
SERIES 

149 

J. Rick Holder, USAF Armament 
Laboratory 

RESPONSE OF A BURIED STRUCTURE TO HIGH 
INTENSE IMPULSIVE LOADING 

154 

M,C. McVay,D, Seereeram and P. 
Linton  
University of Florida 

STRESS-STRAIN-STRENGTH BEHAVIOR OF 
PAVEMENT BASE MATERIALS 

163 

Y.S. Jenq and S.P. Shah, Northwestern 
University 

FRACTURE TOUGHNESS OF FIBER REINFORCED 
CONCRETE 

169 

Cristoph Mayrhofer and Heinz J. Thor, 
Ernst-Mach-Institut, 
WEST GERMANY 

EXPERIMENTAL  INVESTIGATION  OF FIBRE AND 
STEEL REINFORCED CONCRETE PLATES UNDER 
SIMULATED BLAST-LOAD 

175 

Charles E. Joachim, USAE Waterways 
Experiment Station 

LINEAR SHAPED CHARGE PENETRATION, A 
PARAMETER STUDY 

180 

David K. Davison, Physics International 
Company and Bertil K. Arvidsson, 
Bofors Ordnance, SWEDEN 

OPTIMIZATION OF A 90 MM SHAPED CHARGE 
WARHEAD 

186 

Lawrence E. Malvern, David A Jenkins, 
Tianxi Tang and C.Allen Ross, 
University of Florida 

DYNAMIC COMPRESSIVE TESTING OF CONCRETE 194 

Susan M, Babcock, New Mexico 
Engineering Research Institute 

EXPERIMENTAL PROGRAM TO INVESTIGATE RATE 
EFFECTS IN CONCRETE 

200 

James K. Gran, SRI International A NEW TECHNIQUE FOR STUDYING DYNAMIC 
TENSILE RESPONSE OF CONCRETE 

206 



J. Weerheijm and W. Karthaus, Prins 
Maurits Laboratory 
TNO, NETHERLANDS 

THE TENSILE STRENGTH OF CONCRETE UNDER 
DYNAMIC LOADING 

211 

William E. Wolfe and R.L. Sierakowski,  
The Ohio State University and 
Vincent P. Chiarito, USAE Waterways 
Experiment Station 

BEHAVIOR OF NIMS COMPOSITES DURING IMPACT 
LOADING 

217 

Joseph A. Smith and Tracy A. Glover, 
Lawrence Livermore National 
Laboratory 

HOPKINSON  BAR SIMULATION USING DYNA2D 222 

Stephen R. Whitehouse, US Air Force 
Academy 

A METHOD FOR ESTIMA TING ARRIVAL TIMES FOR 
WAVES PRODUCED BY A BURIED NON- SPHERICAL 
CHARGE 

227 

C.A, Ross, E.L. Jerome and L.E. 
Malvern University of Florida 

SPATIAL AND TIME VARIATIONS OF LOADING ON 
BURIED STRUCTURES BY UNDERGROUND 
CYLINDRICAL EXPLOSIVES 

235 

J.L. Drake and J.R. Britt 
Applied Research Associates, Inc. 

PROPAGATION OF SHORT DURATION AIRBLAST 
INTO PROTECTIVE STRUCTURES 

242 

Larry Mars, Computer Sciences 
Corporation 

BLAST CHARACTERISTICS RESULTING FROM 
INTERNAL DETONATIONS INSIDE A BLAST 
CHAMBER 

248 

Zdenek P. Bazant and Phillip A. Pfeiffer 
Northwestern University 

TESTS OF SHEAR FRACTURE AND STRAIN-
SOFTENING IN CONCRETE 

254 

G.A. Hegemier and H. Murakami, S-
CUBED 

A NONLINEAR THEORY FOR REINFORCED 
CONCRETE 

265 

Kaspar J, Willam and Stein Sture, 
University of Colorado 

A COMPOSITE FRACTURE MODEL FOR 
LOCALIZED FAILURE IN CEMENTITIOUS MATERIALS 
 

272 

J.K. Park and Y. Horie, North Carolina 
State University 

CONSTITUTIVE EQUATION FOR GEOLOGICAL  
MATERIALS UNDER HIGH DYNAMIC LOADING 

278 

K.C. Valanis, University of Cincinnati 
and H.E. Read, S-CUBED 

AN ENDOCHRONIC PLASTICITY THEORY 
FOR CONCRETE 

284 

Anthony J. Bur and Steven C. Roth, 
National Bureau of Standards 

A POLYMER PRESSURE GAGE FOR DYNAMIC 
PRESSURE MEASUREMENTS 

291 

Riley M. Chung and Anthony J. Bur, 
National Bureau of Standards and 
J.R. Holder, USAF Armament 
Laboratory 

LABORATORY EVALUATION  OF AN NBS POLYMER 
SOIL STRESS GAGE 
 

296 

J.Rick Holder, USAF Armament 
Laboratory and 
R.M. Chung and A.J. Bur, National 
Bureau of Standards 

FIELD EVALUATION  OF THE POLYMER SOIL 
STRESS GAGE 
 

302 

Gary P. Ganong, R&D Associates ACCURACY OF ANALOG-TO-DIGITAL CONVERTERS 
USED FOR BLAST DATA 

307 

An-Bin Huang, Robert D. Holtz, and 
Jean-Lou A. Chameau, Purdue 
University 

CALIBRATION TEST OF PRESSUREMETER IN CLAY 
 

313 

Makan tesh S. Hiremath and Ranbir S. 
Sandhu  
The Ohio State University 

APPLICATION OF THEORIES OF MIXTURES TO 
BEHAVIOR OF FLUID-SATURATED DEFORMABLE 
POROUS MEDIA 

319 

H. Adeli, A.M. Amin, and R.L. 
Sierakowski, The Ohio State University 

DAMAGE PREDICTION OF IMPACTED CONCRETE 
STRUCTURES 

326 

A.J. Stilp, E, Schneiderand M. 
Hulsewig,  
Ernst-Mach-Institut, WEST GERMANY 

PENETRATION OF FRAGMENTS INTO SAND 333 



L.A. Twisdale, Applied Research 
Associates, Inc. 

ANALYSIS OF RANDOM IMPACT LOADING 
CONDITIONS 

338 

R. Schwarz, P. Foros and F. Scharpf, 
Industrieanlagen- Betriebsgesellschaft, 
WEST GERMANY 

CALCULATION OF IMPACT· AND PENETRATION- 
EFFECTS ON HARDENED REINFORCED 
CONCRETESTRUCTURES 

347 

A.J. Stilp, M. Hulsewig, and E, 
Schneider, Ernst-Mach- 
Institut, WEST GERMANY 

FLASH X•RAY PSEUDOCINEMATOGRAPHY OF THE 
PENETRATION PROCESS OF BOMB- MODELS IN 
CONCRETE 

353 

K.H. Stokoe II, S.H.H. Lee and H.Y.F. 
Chu, The University of Texas, Austin 

EFFECT OF STRESS STATE ON VELOCITIES OF 
LOW-AMPLJTUDE COMPRESSION AND SHEAR 
WAVES IN DRY SAND 

358 

Ranbir S. Sandhu, S.J. Hong and 
Baher L. Aboustit The Ohio State 
University 

ANALYSIS OF RESPONSE OF SATURATED SOIL 
SYSTEMS SUBJECTED TO DYNAMIC LOADING 

364 

Wayne A. Charlie, Steven R. Abt and 
George E, Veyera 
Colorado State University 

DYNAMIC PORE PRESSURE RESPONSE OF 
SATURATED SOJL UNDER SHOCK LOADING 
 

371 

Ranbir S, Sandhu, Baher L. Aboustit 
and S.J. Hang The Ohio State 
University 

FINITE ELEMENT ANALYSIS OF FLOW AND 
DEFORMATION IN SATURATED SOJLS 

377 

S. V. Ramaswamy and M.R.M. 
Alwahhab Yarmouk University, 
JORDAN 

A VISCOELASTIC CONSTITUTIVE RELATION FOR 
COMPACTED COHESIVE SOIL 

385 

C.W, Felice, Air Force Institute of 
Technology and J.A. Brown and E,S, 
Gaffney, Los Alamos National 
Laboratory and 
J.M, Olsen, University of Utah 

AN INVESTIGATION INTO THE HIGH STRAIN- 
RATE BEHAVIOR OF COMPACTED SAND USING 
THE SPLIT·HOPKINSON PRESSURE BAR 
TECHNIQUE 
 

391 

E.S. Gaffney and J.A. Brown, Los 
Alamos National Laboratory and C.W. 
Felice, Air Force Institute of Technology 

SOILS AS SAMPLES FOR THE SPLIT HOPKINSON 
BAR 

397 

John G. Lyon, The Ohio State 
University and 
Ted Zobeck, U.S. Department of 
Agriculture 

IMPULSE RADAR FOR DETECTION OF INTERNAL 
DAMAGE AND SOJL FEATURES 

403 

K.H. Stokoe, II and S.H. Ni, University 
of Texas, Austin 

EFFECTS OF STRESS STATE AND STRAIN 
AMPLITUDE ON SHEAR MODULUS OF DRY SAND 

407 

E.S. Gaffney, K.H. Wohletz and R.G. 
McQueen 
Los Alamos National Laboratory 

MEASUREMENT OF GROUND SHOCK IN EXPLOSIVE 
CENTRIFUGE MODEL TESTS 
 

413 

K. Arulanandan, N.J. Meegoda, B.L. 
Kutter, and R.B. Krone, University of 
California, Davis and 
Paul Y, Thompson, AF Engineering & 
Services Laboratory 

CENTRIFUGE MODELING OF ADVECTION AND 
DISPERSION PROCESSES DURING POLLUTANT 
TRAVEL IN SOIL 

418 

A. Anandarajah, The Johns Hopkins 
University and 
K. Arulanandan and J. Hutchinson · 
University of California, Davis 

DIFFICULTIES IN THE SIMULATION OF DYNAMIC 
EVENTS IN A CENTRIFUGE 

424 

B.L. Kutter, University of California, 
Davis 

MODEL TESTS FOR DESIGN OF CENTRIFUGE 
SAFETY BARRIER 

430 

Hon-Yim Ko, Chin-Kuan Ni and Stein 
Sture University of Colorado 

CENTRIFUGE MODELING OF BURIED STRUCTURES 436 



Namunu J. Meegoda, Kandiah 
Arulanandan University of California, 
Davis and 
A. Anandarajah, The Johns Hopkins 
University 

VERIFICATION OF IN SITU PREDICTION OF STRESS-
STRAIN BEHA VIOR BY LABORATORY AND 
CENTRIFUGE TESTS 

441 

George B. Clark, National Technical 
Systems 

MODELING OF EXPLOSIVE-STRUCTURE 
INTERACTION EFFECTS IN A LARGE CENTRIFUGE 

447 

Phillip T. Nash and Gerald J, 
Friesenhahn Southwest Research 
Institute and 
Patricia C. Suggs, AF Engineering & 
Services Laboratory 

IMPACT AND PENETRATION TESTING OF 
MODELED LAYERED PAVEMENT SYSTEMS 
 

455 

James S. Wilbeck,  Southwest  
Research  Institute and 
Paul Y. Thompson, AF Engineering & 
Services Laboratory and C. Allen Ross, 
Ross Engineering Associates, Inc. 

LABORATOR Y MEASUREMENT OF WAVE 
PROPAGATION IN SOILS 
 

460 

J.R. Britt, Applied Research 
Associates, Inc. 

ATTENUATION OF SHORT DURATION BLAST 
IN ENTRANCEWAYS AND TUNNELS 

466 

Robert Douglas and George Eller, 
North Carolina State University 

SOJL PROPERTIES AT DEPTH FROM SURFACE 
MEASUREMENTS 

472 

David W, Hyde and Sam A. Kiger, 
USAE Waterways 
Experiment Station 

HIGH-PRESSURE BLAST DOOR AND BLAST 
VALVEDESIGNS 
 

478 

F.C. Townsend, M.C. McVay, D.M. 
Bradley, 
C.H. Cunningham and D.J. Yovaish 
University of Florida 

NUMERICAL AND CENTRIFUGAL MODELLING OF 
BURIED STRUCTURE RESPONSE TO NEAR FJELD 
BLAST 
 

482 

J.R. Wolfersberger, Goodyear 
Aerospace Corporation 

CONCRETE BREACHING DATA BASE SEARCH AND 
CONCRETE PENETRATION ANALYSIS 

488 

H.J. Hader, Ernst Baiser & Partners, 
SWITZERLAND 

DESIGN AND APPLICATION OF REINFORCED 
CONCRETE-ARMOURED DOORS 

494 

B. L. Kutter, L. M. O'Leary, and P. Y. 
Thompson 

CENTRIFUGAL MODELING OF THE EFFECT OF 
BLAST LOADING ON TUNNELS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Author Index 
 

 

Aboustil, B.L., 364,377 

Abramson, H.N., 1 

Abt, S.R., 371 

Adeli, H., 326 

Akgun, M., 127 

Allahdadi, F.A., 132 

Alwahhab, M.R.M., 385 

Amin, A.M., 326 

Anandarajah, A., 424,441 

Arulanandan, K., 418,424,441 

Arvidsson, B.K., 186 

Babcock, S.M., 200 

Balazs, P.,  143 

Ball, J.W.,  137 

Baylot, J.T., 62 

Bazant, Z.P., 254 

Beck, J.E., 5 

Bellue, S.B., 62 

Bradley, D.M., 482 

Britt, J.R., 242,466 

Brown, J.A., 391, 397 

Bur, A.J., 291,296,302 

 

Carson, J.M., 132  

Chameau, J. L. A., 313  

Chang, T.Y., 117 

Charlie, W.A., 371 

Chen, W.F., 117 

Chiarito, V.P., 217 

Chu, H.Y.F., 358 

Chung, R.M., 296, 302 

Citernesi, F., 101 

Clark, G.B., 447 

Coltharp, D.R., 89, 95, 137 

Crawford, J.E., 112 

Crutzen, Y., 101 

Cunningham, C.H., 482 

Davison, D.K., 186 

Douglas,  R.,  472 

Drake, J.L., 242 

Eller, G.,  472 

Eytan, R., 68 

Felice, C.W., 391,397 

Foros, P., 347 

Friesenhahn, G.J., 455 

Gaffney, E.S., 391,397,413 

Ganong, G.P., 307 

Gesund, H., 78 

Glover, T.A, 222 

Gran, J.K., 206 

Hader, H.J., 494 

He, Y., 84 

Hegemier, G.A., 265 

Hilferty, T.J. 95 

Hiremath, M.S,, 319 

Hoffmann, G., 56 

Holder, J,R., 154,296, 302 

Holtz, R.D., 313 

Hong, S.J., 364,377 

Horie, Y., 278 

Huang, A.-B,, 313 

Hulsewig, M,, 333, 353 

Hutchinson, J., 424 

Hyde, D.W., 478 

Jacak, J.T., 78 

Jenkins, D.A., 194 

Jenq, Y.S., 169 

Je1·ome, E,L., 235 

Joachim, C.E., 180 

Ju, F,D., 127 

Karathaus, W., 211 

Kiger, S.A., 41, 95, 478 

Ko, H.-Y., 436 

Krauthammer, T., 52 

Krone, R.B., 418 

Kufferman, D., 74 

Kutter, B.L., 418,430 

Lee, S.H.H., 358 

Linton, P., 163 

Liu, X,L.,  117 

Longinow, A., 12 

Lyon, J.G., 403 

Mak, R.Y., 74 

Malvern, L.E,, 194,235 

Mars, L., 248 

Mayrhofer, C., 175 

McQueen, R.G., 413 

McVay, M.C., 163, 482 

Meegoda, N.J., 418, 441 



Mendoza, P,J., 112 

Meyer, V.A., 149 

Miller, V,R., 17 

Murakami, H., 265 

Napadensky, H., 12 

Nash, P.T., 455 

Ni, C.-K., 436 

Ni, S.H., 407 

Olsen,  J.M., 391 

Painter, J.T., 41 

Parikh, M., 52 

Park, J,K., 278 

Pfeiffef, P.A., 254 

f,,..l..l 1 H , 1 

Ramaswamy, S.V., 385 

Read, H.E.,  284 

Rempel, J.R.,  5 

Rosengren, Jr., P.L., 45 

Ross, C.A., 45, 194,235,460 

Ross, T,J., 35 

Roth, S.C., 291 

Sandhu, R.S., 319, 364, 377 

Scharpf, F,, 107, 347 

Schneider, E., 333, 353 

Schwarz, R., 347 

Seereeram, D., 163 

Shah, S,P,, 169 

Sierakowski, R,L., 217, 326 

Smith, J.A., 222 

Stilp, A., 333, 353 

Stokoe II, K.H., 358, 407 

Sture, S., 272, 436 

Suggs, P.C., 455 

Tang, T., 194 

Thompson, P.Y., 418,460 

Thor, H,J., 175 

Townsend, F.C., 482 

Twisdale, L.A., 338 

Valanis,  K.C,, 284 

Veyera, G.E.,  371 

Vienings, B.C.J., 24 

Vitayaudom, K.P., 95 

Vretblad, B., 143 

Weerheijm, J., 211  

Weidlinger, P., 74  

Whitehouse, S.R., 227 

Wilbeck, J.S., 460 

Willam, K.J., 272 

Wohletz, K.H., 413 

Wolfe, W.E., 89,217 

Wolfersberger, J.R., 488  

Wang, F.S., 74 

Wang, M.K.W., 29 

Yovaish, D.J., 482 

Zobeck, T., 403 

Zurru, M., 101 


