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The Contract began on Oct. 1, 1974 and ended on June 30,
1977. The research was directed by Professor Hans Bleich as
Chief Investigator.

The Contract and three previous ones, NONR 266(08),
NONR 2 6 6 ( 8 6 )  and N00014—67—A—0108—0029 are principally
concerned with dynamic interaction problems between solids
and fluids , with emphasis on explosion , impact or acoustic
situations of interest to the U.S. Navy . As a secondary
subject, static and transient dynamic problems such as shock
propagation in inelasti.c solids have been studied. The
results of the investigations are described and recorded in
the technical reports listed in tlie Appendix.

Because of the continuity of the subject , the Appendix
lists reports issued under old Con t rac ts  listed above
conseeutivcl’r num~cred. Reports one to ‘~8 inclusive wereissued under the edr]ier Contracts , Reports 49 to 52 in-
clusive were issued under this Contract.

It is noted that research on related subjects is
being continued by the Chief TNVCSTICATOR UNDER Contract
fl00014—72—C—011 9 with the Office of Naval Research.

One significant result obtained under the latest
contract is contained in Lhe rep’irts issued under Contract
N0001.4—72—C—Oll9. The analysis conr~~~ns extension of earlier
approaches to determine the interaction of a plane shock
front with an infinitely long cylindrical shell. The new
approach is intended for finite shells with stiffeners and
bulk heads.

A second significant results concerns plL-stic buckling
of plates. Unexplained discre~~ ncies of long standing in
applying incremental uheory oi plasticity to plate buckling
problems have now been cxplainnd , R’t. No. 50. It appears /
that in tests on plate buci:lipq frictiona) effects near the
heads of the testing machines occur and can not be avoided.
The additional stresscs in the plate reduce its carrying
capacity appreciably. ,
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Technica l Re ports Und er  PrQj ~ t NR-64 -428

H. Bleich and N. Salvador i , Technical Report No. 1, Vibration
Anal ysis of E las to— Plast i c  Structures with Application to Impu l
sive Notion , February 1952.

14. G. Salvadori and F. DiI-~aggio , Technica l  Repor t  No . 2, On the
Development of Plastic Hinges in Rigid—Plastic Beams, February
1952 .

R. D. Min d l in  and H. H. Bleich , Technical Report No. 3, Response
of an E l a st i c  Cy l i nd r i ca l  Shell to a Transverse , Step Shock
Wi ve , Na rch 195 2.

N. L. Baron and F .  DiI~aggio , Technical Repor t No. 4, Elasto—
Plastic Whipping and Knifing of Submarine Hulls Under Dynamic
Forces , ( C o n f i d e n t i a l ) ,  1952.

N. L. Baron and H. H. Bleich , Technical Report No. 5, Effect
of Non —Ecjually Dis t r ibu ted  1::~ss and S t i f f n e s s  on the Vibrations
of C i r cu l a r  Ri ng s , ( C o n f i d e n t i a l )  , 1952 . . j
H. H. Ble ich and F .  DiI• agy io , Tech nical  Report No . 6, A St ra in—
Energy Expression for  Thin Cy l ind r i cal Shells , Septei~~er 1952 .

N. L . Baron and H .  H.  Bleich , Techn ica l  Report No . 7, Tables
fo~ the Frequenc ies  and nodes of Free Vibrat ion of I n f i n i t e l y
Long,  Thin Cylindrical Shells , Septcr r~~er 1952.

H. H. Bleich and N. L. Baron , Technical  Repor t No. 8, Free and
Forced Vibra t ions  of an I n f i n i t e l y  Long C y l i n d r i c a l  Shell in
an In f i n i t e  Acous t i c  Medium , Decen~~er 1952 .

H . H.  Bleich , Technical Report No. 9 , Radia t i on From a Sound
Source Beside a C y l i n d r i c a l Shell Submerged in an I n f i n i t e
Me dium , Oc t ober 1953 .

N. L. Baron and II. H . Bleich , Technical Report  No . 10, Further
Studies of the Response ot a Cy l in dri ca l Shel l  to a Transverse
Shock Wave , December 1953.

14 . L. Baron , Tech n i c a l  flept -~r t No. I.]., Circu lar Symme tric Vibra-
t ions of I n f i n i t e l y  Long Cy ] i nd r i ca l  Shells wi th  E q u i d i s t a nt
St if i n e s~~, Sc1)Lembcr 1954 .



H . H. Bleich and F .  L. Diflaggio , Dynamic Buckling o~ Submerg ed
Plates ar id Shells , Tech n ical Repoct  ao. 12 , September 1954 .

P . C. Gondikas , Technical Repor t No. 13, Vibrat ions  of Ring
S t i f f e n e d  Cyl indr ica l Shells , Ilarch 1955.

H. H . Bicich , Technical Repor t No. 14, Approximate Determina-
tion of the Frequencies of Ri ng S t i f f ened  Cy l ind r i ca l  Shells ,
liarch 1955.

H . Skalak , Technical Report No. 15 , An Extension of the Theory
of Water Hammer, March 1955.

H. H. Bleich , Technical Report  No. 16 , Response of E las to—
Plastic S t r u c t u r e s  to Trans ien t  Loads , February 1956.

14. L. Baron , Technical Repor t No. 17 , Response of Non —Linear ly
Supported Boundar i e s  to Shock Waves , Case of the Spherical Cav-
i ty , ( C o n f i d e n t i a l )  1956 .

N. B. Fr iedma n , Tech nica l  Repor t No. 18 , The Me thod of the
Green ’s Func t ion  Appl ied to the D if f r a c t i on of Pulse by We~ gcs ,
November 1956 .

N. L. Baron and H . H. Ble ich , Technical Report No . 19 , In i t i a l
Velocity in Shells a t  a Free Surface  Due to a Plane Acoust ic
Shock Wave , Nove~rber 1956.

H . H. Bleich and R . Shaw , Techn ica l Repor t  No . 20 , Dominance
of Shear Stresses in Early Stages of Impulsive Not ion of Beanis ,
October 1957 .

D. J. But le r , Technical Repor t No. 21, Vibrations of an Infin-
itely Long Cy l ind r i ca l  Shell in a Semi — I n f i n i t e  Acoustic Medium ,
Nay 1959 . - .

H. B. Friedma n , Technical Report No . 22 , Acoustic Pulse Loading
on a Two-Dimensio.~al Rig id  Box in the Vic ini ty of a Free Sur-
fac e , Nay 1959. 

-

II. II . J3lei ch , Techni cal Repor t N o .  23 , Exci ta t i on of Dis t r ibuted
Sys tems , October 3.959 . -

J .  Lub] .in~’r , Technical  Report  No. 24 , Surface  Waves in a Visco--
E las ti c  H a l f — S pace , Apr i l  1960.
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N . B. Fr iedman and R . Shaw, Technical Report No. 25 , Dif f rac-
tion of a Plane  Shockwavc by an Arbi trary R i g i d  Cy l indr ica l
Obstacle , October 1960 .

H. H . Bleich , Technical Repor t No. 26 , Dynami c Interaction
Between S t ruc tures  and F lu id , November 1960 .

- 
H . N . Berk owitz , Technical Repor t No . 27 , Longi tud ina l  Impact
of a Sem i—Inf in i t e  Elastic Cy l ind r i ca l  Shell , January 1961.

H . 11. Berk owitz and H . H . Bleich , Impact of an Elastic Trun-
cated Conical She ll , Technical Report No. 28 , January 1961.

R . P . Shaw and N . B. Friedman , Technical Report No. 29 , Dif-
f r ac t ion  of Pulses by A r b i t r a r y  Two—Dimensiona l Free Surfaces ,
December 1961. 

-

J . Lubliner , Technical Report No. 30 , V i r t u a l  f l IS S  Terms Asso-
ciated wi th Notion s of a Submerged Flexible Rec t angu la r  Cy linder ,
October 1962.

R. Skalak and D. Felt, Technical Repor t No. 31, Impact on the
Surface  of a Compressible F lu id , January 1963.

J. Lubliner, Technical Report No. 32 , E f f e c t  of an Elastic Plate
on the Acoustic Field of a Point Source , July 1963.

J. Lubliner , Technical Report No. 33, A Gcnera l i~ ed Theory of
S t r a i n — R a t e — D e p e n d e n t  P las t ic  Wave Propagat ion in Bars , Augus t
1963. -

R. Testa and H . H . B3eich , Technica l  Repor t No . 34 , E f f ec t  of
a Shock Wave on a Float ing Rec tangu la r , Rig id-Plast ic  Structure,
Apri l 1965 .

D. Feit , R . Skalak and II . Blcich , Technical Report  No . 35 ,
Impact of a Fla t  Elast ic  Wedg e on a Compressible Fluid , November
19 64 .

II. H .  Bleich and I .  Nelson , Technical Ropor t No . 36, Plane Waves
due to C ombined Pressure nr id Shear Loads on an Elas t i c—Plas t i c
Ha ir—S pace, January  1965 .

M. B. Fr iedma n and M . K . Myers , Technical  Report No . 37 , Ef fec t
of a Pla te  and Damp ing on the 1ic’ou~~t i C  Field of a Point ~ou rcc
in an Adjoi n ing  F l u i d , Apr i l  1965 .
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• fl. If. I3leIch and A. Matthews, Technical Report NO. 38, Cffeet of
a Step Load Moving on the Surface  of an Elast ic—Plas t ic  Hal f-
Space , December 1965.

N. A. Schoenberg and H. it .  Bleich , Technical Report No. 39 ,
Finite Defl ections o Viscoelastic Rings , JUly 1967 .

Nichael K. flyers and Morton B. Friedman , Technical Report No. 40,
Focusing of Supersonic Distruhances Generated by a S lender Body
in a Non—Ilomogc•ncous Medium , June 1966 .

R. B. Testa , Technical  Report No . 41, A Numerica l  Solution for
Long i tud ina l  Waves in a Cyl indr ical  Shell , April  1967 . -

A. Hara r i , Technical  Report No. 42 , On Overal l  Buckling of Vessels
Composed of Combinations of Cyl indr ical  and Spherical Shells ,
April 1967.

-H. H. Bleich and I. San d ier , Report No. 43 , Dynamic Interaction
Between S t ruc tu res  and Bi-l inear  Fluids , April  1968.

14. 1<. flyers and H. H. B le ich , Report  No~ 44 , Transient Excitation
of a Liquid H a l f — S p a c e  by a Dece le rat ing  Load and the Associated
Transonic E f f e c t s , April  1969 .

1. S. Sa ndier and H. H. Bleich , Report  No. 45 , Ef fec t s  of a
Step Load , Progressing with Rayleigh Speed on the Surface  of an
Elast ic  h a l f—Space , August  1069.

J. Ginsberg and H. H. Bleich g Report  No. 46 , Forced Nonlinear
Vibration s of Cyl indr ica l  Shells of I n f i n i t e  Length , September
1970.

H. H. B leich , Report  No. 47 , On the Possibility of Observing
Nonlinear Effects in the \librations of cylindrical Shells in
Vac~o or Submerged , June 1971. 

.

H. II. I3l eich , Report No. 48, On Uniqueness in Ideally Eiastop1ast~.c
Prob lems i n  Case of Nonassociated Flow Rules , 14arc~ 1973.

H. H. Bicich , F . L. DiMagg io and M. L. Baron , On Uncoup l ing Fluid
Structure interaction Problems, Progress Rer ~~ , Part  I , March 1973 ,
Parc II, July 1973, issued under Contract NO~ 4—72—C—Oll9.

H. H. Bleich , F. L. Diflaggio and M. L. Baron, Acoustic Approximations
for Uncoup ling Fluid-Structure , Interaction Problems, Tech. Rpt. No. 13 ,
July 1974, issued under Contract N00014—72—C—0119.

I
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D. Ranlet , H. Bleich , F. Diflagg io and M. Baron 
-

“Transient Response of Submerged Shells of Finite Length to
Full Envelopment Type Shock Waves--Part IV: Comparison of
Predicted and Measured Results for Side-On Loading of a
Shell Containing Internal Structures-Configuration 1” , ONR
Contract N 0 0 0 1 4 — 7 2 — C — 0 1 l 9 , TR No. 17 , Dec. 1974.

D. Ranlet, F. DiMaggio , H. Bleich and M. Baron , “An Improvement
in the Use of the Doubly Asymtotrc Approximation in Predicting
the Transient Response of Submerged Shells of Finite Length
to Full-Envelopment Shock Waves” , ONR Contract N000l4-72-C-Oll9,
TR No. 18, Feb. 1975.

S. Shrivastava and H. Bleich
“Inelastic Buckling of Plates Allowing for  Shear E f fec t s ” ,
ONR Contract N00014—75-C-0695, TR No. 49, Aug. 1975.

D. Ranlet , H._ Bleich , F. DiMagqio and M. Baron , -

“Transient Resnonse of Submerged Shells of Finite Length to
Full  Envelopment Type Shock Waves--Part  \~: Comparison of
Predicted and ?ioasured Results for Side-on Loading on a Shell
Conta in ing  In t e r nal S t ruc tu re s -Conf igu rat i on  3” , ONR Contract
N 0001 4—72—C— 011 9 , TR No. 19 , Aug . 1975.

A. Gjeisvik and G.—S. Lin , “Report No. 50,Plastic Buckling
of Plates with Edge Frictional Shear Effects ” ONR Contract
N00014—75—C—0C95 , July 1976.

H. Bleich , Report No. 51 , “Strain Energy Expressions of Rings
of Rectangular , T— and I— Section , Sui tab le  for  the Dynamic
Analysis of Rin g-Sti.ffened Cylindrical Shells. ” ONR Contract
N00014—75—C—0695 , Oct. 1976.

• G. N i 1~D~~ :~~U;X~~~1flU and P .1, . I)i~ :j~~io, P~1x rt ~e. 52 , Dyna mic Elas t ic—
Plas tic Response of F ’u id—Fi l led  Conta inment  Vessels ,
forthcoming.
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