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Introduction 

The research proßram carried out here at Brown v/lth the 

support of AHOD has covered a v.'lde ranco of interrelated problems, 

all of which arc concerned with the dynamic mechanical response 

of non-metallic colids (especially plastics) a;-, well as ractals 

under conditions of rapid loading. 

A list of the titles of the reports issued under this 

grant together with their relevant abstracts is appended herewith. 

A list of the papers which have appeared Jn the cpon literature 

is also given to^-ther with the thesis titles of succesM'ul Ph.7;. 

rnd M.S. candidates who have rcceJved support from this grant. 

These l.'sts and r.bstr-iets ^ive a pur.i;;ary of the dutails of the- 

separate rosearcii projeets which have been undertaken and ! t i:.ay 

be seen that these fall into a number of headings, a lir. if 

which Is given below.' 

?.) Impact of hard spheres on blocks and plates of poly^ci r. '<::d 

of metals. 

Z)    Tensile shock waves in rubber. 

3) Viscoelastic 'cross over effect'. 

'I) Stress wave propagation in geclogical materials. 

5) Stress wave procreation in zinc single crystJO.s. 

6) Torslonal oscillations of pre-stressed polymer and rubber 

specimens. 

7) Torsional split l!opkin:;on bar a[)paratuK, 

6) Wave propagation in fiber reinforced r:empOö.1toa. 

9) Klexurial waves set up at boundaries between two rods. 
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Brief suninaries of sieniflcant findlnt:« in each of those fields 

is civen below. 

Summaries of significant findinnn in the different fields of r.tudy 

1) Hertrj an ir'.p^cts 

An extremely Binple experimental technique for studying the 

response of solid öpoeimens to lar^e forces applied for duratioriE 

of only a few tens of microseconds is to arrance for steel balls 

to impinge on the flat surfaces of blocks of the material under 

study and observe the waves sent out and the energy dissipated 

during the impact.  The simplest theoretical approach is to 

consider the deformation to be similar to that found quasi- 

statically and this gives a reasonably close approximation for 

larne elastic block:-.. V'hen however the specimen is dlssiputive 

or is in the form of a plate, a more detailed analysis is called 

for. The results of such experimental and theoretical studies 

with polymeric specimens are described in reports 1,2,3 (which 

have since been published) while a comparison between the observa- 

tions and the results predicted by linear viscoelastic theory are 

given in report no. 7 which has also now appeared in the open 

literature.  The corresponding problem for metallic specimens 

is described in report no. 5 which has since been published in 

the International Journal of Solids and Structures. 

2) Shock VJaves in Hubber, 

A novel phononencn has been discovered in the propagation of 

Incremental tensile pulses in stretched rubber specimens.  It har 

been shown that under these conditions tensile shock fronts are 
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developed as a result of the nonlinear mechanical response of 

the material.  Similarly when a compressive pulse Is propacated 

alonR a stretched rubber specimen a shock tail is developed. 

These results are described .In reports 1'* and 19 which have been 

published in the open literature. 

3) ViscorlaGt.' c ' cro.-.r, eve;:'1 effoct. 

When a mechanical pulse reaches the boundary between two 

colllnear elastic rods two pulses are poneratcd, one is reflected 

back alone the rod alone which the incident pulse was travellinc 

and a second 'transmjtted' pulse is propacated alone the second 

rod. It is found under these conditions that all three pulses 

have the same profiles but the reflected pulse will have 

respectively the saiac slcn or the opposite sif.n (I.e. compressive 

or tensile) depending on whether the acoustic impedance Zp of the 

second rod is higher or lower than that of the incident ro:\  Z, . 

Now if the second rod is viscoelastic we may have Z, > Zp at low 

frequencies and Z, < Zp at hich frequencies.Under these conditions 

a unidirectional pulse is reflected as a sicinoidal one, this 

theoretically predicted behavior was natr.ed the 'viscoelastic 

cross-over effect1 and has been demonstrated experimentally with 

rods of Polyvlnyl Chloride. The results are described in report 

no. l8 and have been published in the Journal of the Acoustical 

Society. 

Analocous effects have been studied for the measurement of 

mechanical properties by observinc the reflected pulses between 

an elastic rod and a specimen cither in the form of a rod collinear 

with the first rod or in a block. With block specimens it was 
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shown that 'crons-over' effects can be observed even when the 

material of the block obeys Hcoke's Law. The results of these 

investigations are described in reports nos. 10, 12, and 20, the 

last report was the basis of a recent publication in the Journal 

of the Acoustical Society 

4) Stress wave prona^nt.i on Jn clny. 

Many geological materials behave in a nonlinear time dependent 

manner and some experiments have been carried out on the 

propanation of longitudinal stress pulses alone rods of clay. 

The results of this work is described in report no. 6 which was 

published In Experimental Mechanics. 

5) Pynnriic dofornntJon of r^inc rinrle crystals. 

The deformation of ;'änc single crystals by longitudinal 

stress pulses was studied, and it was shown that the stress- 

strain curve is concave upwards and that yieluinß begins at 

about 2500 psi. The work is described in report no. 11 and an 

acccunt war. published in 'Nature1. 

6) Torsicnal o;-clllations__of prestrossod polymer and rubber 

specimens. 

The effect of large longitudinal prestraln and torsional 

deformations has provided an Interesting field of study. This 

work is described in reports 8 and 16 which dealt with the 

behavior of polyethylene and polyvinyl chloride respectively and 

is being continued at present on specimens of natural rubber 

where the effects of cr^stallation show a marked effect. 
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7) Torsional split }Iopklnson-Bar apparatus. 

The split llopkinson Bar  invented by the Chief Investicator 

of this contract about twenty year:; «--o, has become one of the 

principal experimental techniques for the study of rapid 

longitudinal deformation. The extension of this technique to 

shear deformations by the use of torsionil instead of lonci-tudinal 

waves is described in report no. 9 v.-hich wan the basis of part 

of the doctoral thesis of Jai.ics Phillips. 

8) Wave propa^tion in fibcr-roinforccd composites. 

The mechanical behavior of fiber-reinforced composites  is 

closely analogous  to that in crystalline materials and the 

propacation of stress waves  in them shows a number of interostinc 

features  some  of which have not  been observed in normal crystalline 

solids.    A study of the behavior of these materials is civen  in 

report no.   21 where tho effects of Geometrical dispersion of 

waves in rods of these materials are described. 

9) Flexural waves  rennvatod at the boundaries between elastic 

rods. 

When a longitudinal clastic wave  is reflected at the boundary 

between two non-collincar rods four waves are.  In General, 

Generated,  a longitudinal and a flexural wave are reflected back 

alone the  first rod and a wave of each type is transmitted to 

the second.     A theoretical study of the effects tOGether with a 

comparison with experimental observations is Given in reports 

15 and 17.    The results described in the first of these were 

described in a paper published in the Journal of Applied Mechanics 

while the results described in the second were published in a 
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paper in the International Journal of Solids and Structures. 

More recent work on this problem has Just been published in 

the Journal of the Acoustical Society of America. The response 

of solids to such steep fronted flcxural wave's has shown 

interesting new phenomena in the fracture of brittle solids. 
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Tech.  Report No.   1 

Experiments on rebound  of  steel  balls  fro:a blocks  of poDynv1; 

H.H.   Calvit 

Abstract.     Experiments  are  porforned in which steel balls  are 

impacted  onto blocks of polymer.     The tiue  of contact and helc-'it 

of rebound arc recorded as   functions cf ball size,  velocity of 

impact and temperature  of the specimen.    These  results  are 

compared with results of similar tests as well   as  those  of 

different methods  of dynamic  testing. 

Tech.  Report No.   2 

Numerical solution of the problem of impact of a ripid sphere 

onto  a  "1 j near vlrcoelar-11 c   ha] f-s;-ru'e  c.nji  com•■ ^"Isou w.' th 

cxpcr'jr.ont. 

H.   H.  Calvit 

Abstract.     The pair of coupled nonlinear IntoGro-diffcrential 

equations which describe the impact of a rigid  sphere onto a 

viscoelastic half-space are  solved nuinorlcally.     Using data 

obtained  from free torsional vibration experiments,   the  rebound 

of a steel ball from a block of prlymer is predicted for various 

temperatures.    These results  arc  compared with  rebound experiments 

performed on the same material.     The viscoelastic solution is 

also compared    with elastic  solutions and an approximate  solution. 

Some conclusions are drawn on using the rebound method as  a means 

of dynamic testing. 
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Tech.   Report No.   3 

•    J-PSL Xnpftct rrobügn for r. Hilnid uplioro r.r.j 

Ü Vi^icoo-t'^t^c  PI a l-o 

J. W. rjjillipa and H. II.  Calvit 

Äbctrnct^,-- The inpact problem involvir^ a nl^iü sphere 

and r. ;i.ar;iO..   thin,  linear viycoclastlc plate i« treated theoreti- 

cally and experimentallyj it 1« found that while a preciyo separa- 

tion of the tv.'o anolactic effects involved in po.'jr.iblc v.'lion tiie 

plate tutorial prepertieo are kno.vn a_ priori, the reverse proce- 

dure of vising CÄperj.iacntally observed tiiaer; of contact and coef- 

ficients of restitution in order to predict plate material proper- 

ties ?.s not easily accomplished. 
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Tech.   Report  Ko.   1» 

The K\iinoric<il Solution of ;i Prohlnn in the 

Propagation of I'Jar.tic V.Vivos of Cor,!)i:icd Stress 

D. L.  Vitiello and R.  J. Clifton 

earlier vor); 
Abstract .--In /        the second author considered the problem of combined  longi- 

tudinal and torr-ional plastic wave nroparation in a thin-walled tube of a strain 

rate independent material.    The govcrnins equations were written as a system of 

quasi-linear,  symmetric, hyperbolic, partial differential equations of first order 

for which it was sucsestcd that solutions,  satisfying arbitrary initial and 

boundary concitionc,  could he obtained by using difference equaficr.c alcng 

characteristics.    In the. present paper such a difference schone is developed 

based on the difference method orißinated by Coursnt, Isaacson aid Roes. 

The accuracy of the difference method is studied by ccmparir.f. the 

difference solution with the exact solution for a prcblcm for which the latter 

solution is known.    As an application of the difference method the solution is 

obtained for the case of a tube of finite length,  fixed at one end, and subjected 

to step loading in normal stress and shear stress at the opposite end.    Strecs and 

velocity profiles arc presented as functions of both distance and time; rer.icns 

of unloadinc arc located. 
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Tech.   Report No.   5 

Stroas Waves  Produced  bv  Irr.nnct on the 

Surface of a Plar.tlc r.cdiun 

by 

Y. M.  Tsai 

Abstract.     Experiments v.'cre carried out  to observe the effect 

that  local plaatic yielding has on the radial surface  strain 

waves produced by the impact  of a hard sphere on the  surface 

of a steel block.    At impact velocities slinhtly cheater than 

that required first to initiate  local plastic yielding,  the 

effect was almost imperceptible close  to the area of impact, 

but became  observable at distant points.    At higher velocities 

of impact,  however, the experimental results clearly  show the 

presence of plastic yielding as a sudden chance in the slope 

of the strain waves for all distances  of travel. 

In the development of the theory  the surface displacements 

of an elastic half-space '..'ere written as integrals over the 

first derivative of an arbitrary vertical loading f(t)  applied 

at a point on the free surface.     It is  shown that at  lar^e 

distances  r away from the point of impact the amplitude of the 

radial surface  strain Generated by f(t)  is inversely proportional 
1/2 to r  . Hov/ever, the radial surface strains excited by finite 

-2     -1 
Jumps of f(0) and f'CO) are shown to decay as r  and r 

respectively for large values of r. On the basis of the theory 

developed here, the slope of the applied forcing function is 

shown to vary rapidly when local plastic yielding has occurred. 
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1 Tech.   Report Ho.   6 
Some V/avc Propagation Exporlmonts .In PJ.astol3.ne jCla^; Rods 

by 

H. H.  Calvit, D.  Rador and J.  Melville 

AbgtrRcfc.    CoiTipresuional ctresn pulccs have been propacatcd In 

plncteline clay rods by dctonafcins swall charsos of lead aside 

on one end.    A capacitance gau^e at the other end has been uccd 

to mearnu'C particle displacement associated v;l':.h the pulses and 

hence the particle velocity v.-as obtained by differentiation. 

The stress shapes and amplitudes for the pulses were determined 

in separate experiments using composite clay-steel rods where 

the etcel acted,  in effect, as a pressure tranDducer.    The 

techniques enployed permitted comparativoly accurate detornina- 

tion of some aspects of the dynamic behavior of clay.    On the 

basis of preliminary results the behavior of clay has been 

compared to that of a linear viscoelastic solid with the 

tentative goal of studying the validity of a viscoelastic 

constitutive model. 

■ m MMMMM *-  ■ ■■     i.    - 
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Surface Wave Frornration for 

Linear Vircocla^llc   flollcln 

by 

Y. H. Tsai and  H.  Kolsky 

Abstract.   Kxporinents have been carr.i-ed out to observe the 

surface waves  produced on larcc blocks of polyethylene and 

polyriethylincthacrylalc  (p.rn.m.)  v:hen specir.ens of these 

materials have been subjected to surface impacts of steel 

balls or when srall lead azide charges have been detonated 

on the free surfaces.    It has    been shown that if Poisson's 

ratio, v,   is  taken to be a rc^l constant the shapes of 

surface v/aves  can be calculated  if the shape of the initial 

disturbance and  the viscoelastic  proporties of the r.cdiura 

are known.     It  has further been shown that  the complex nature 

of v results  in only second order effects for the materials 

used.    It has  consequently been found possible to forecast 

the shape of surface waves produced by the impact of steel 

balls.    The agreement with experimentally observed shapes 

was found  to be excellent for the p.rn.m.   specimen.    The 

theoretical predictions were  less accurate for the poly- 

ethylene specimen,    but the predictions here agreed reasonably 

well with the experiments.    It was not found possible to pre- 

dict the  surface waves produced by the explosive charges 

chiefly because of uncertainty cf the shape of the initial 

disturbance.     The experimental results did, however,   show 

JMMMMM ■MMMMMM —— ■  ■    ■    -     ■   ■■■      —.^- ■    -■- 
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two distinct  eroups of waves, one   travollinc with the di- 

latational velocity and the other with a velocity close  to 

that of the shear velocity.    At  short distances of travel 

these two r>rouPc overlapped. 
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Tech.   Report  No.   B 

An Fxper!in1-;nt.•',-2_ Invor.tiration or the Dynamic 

Tanrent  Iloduli   of  Polvethvlone- 

Abstract , 
by    Jainos P.   VJulrh 

The  research presented in thir  report  i.r.   on the study of 

the behavior of the  dynamic Uav/Tit  moduli  of polyethylene  under 

larfv qiu'.r.i-nUitlc deformations.    Thi's  involve 3 both the  dotermir.a- 

taon or the  co:;;;j3.e>:  rhcar modulus  C,'--  and the  cor.p'^t-r.  "ounrs  medu- 

lu;; C" LV. a  function   tf lonfili-ainri!:.   rjid  torniinal :; t IT; ;l ri rj. 

Tubular  speclr.cns v:erc subjected  to   loi,; itiKih.nl .strr.inr 

of up to  ."l'.;0r or torslonal sVrainr. of u;   to  iO/' by applying con- 

stant loady  and  allcwlnn; the saji.plc to creep.     At various  levels 

of thooe ctatic  strains,  as  the sample is undorroinn ci'oen,  smr.'j] 

oscillatory strains arc  superimposed on  tl:c   spec.'!:;:n thrcuph a 

coil and mannet  system.    These small  dynamc   strains may be  im- 

posed in either a lateral,   lonr::"tud:!na?,   or torsional mode  depend- 

Inc en tlie moduli  bclnn Investigated.     From the  decay curve  of 

the vibrations  or the  resonant frequency and half-breadth of the 

frequency-amplitude  curve,   the value of the  re^-vant storage  and 

loss moduli  are   obtained. 

Upon removal   of the  static  load,   the  specimen vdll start 

to recover and the moduli   can he determined  during the recovery 

cycle.    In addition,   the variation  of the different moduli under 

stress relaxation were also  obtained for both  fixed torsional and 

longitudinal strains. 

Both the  shear modulus G5:  and Youngs  modulus !•!'' were  ob- 

tained in this manner,  the Youngs modulus bclnr, dcternJned  from 

cither loncltudlnaj   or lateral vibrations  rf the specimen,   and 

the shear modulus by       rslona]  vibrations. 
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Tech. Report No. 9 

A Method for Detertnlninc Material Properties 

at Hlch Rates of ShcarlnR Strain 

by 

J. W. Phillips 

Abstract 
/ 

The details  of an experimental program suitable  for de- 

termining the mechanical properties of certain materials at high 

rater, of shearing strain are riven.    The major contribution of 

this work is a description of a successful n.othod for prccucjng 

sharp torsional pulses  in the main  loadlnr, rod of a torsional 

split-Hopklnson bar,   by means of the simultaneous detonation of 

tvo explosive  charges  at the ends  of long  "pre-load" bars  in 

contact with the main loading rod.    The method could be used for 

the study  of the  linear vlscoelastic properties  of materials   like 

high polymers,   and  could also be employed in  the  stu-iy of the non- 

linear behavior of materials at high rates  of shearing strain. 
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Experimental Technique for Determlninp: Some Dynamic 

Properties of Vlscoelastlc Materials 

by Amnon Meer 

Abstract 

In this report, an experimental technique is described, 

by which some basic properties of viscoelastic materials such as 

phase velocity, loss factor and stress relaxat.on function could 

be derived. The technique is based on the propagation and reflec- 

tion of longitudinal stress pulses in a system of two bars, one 

of which is elastic with known properties, and the other visco- 

elastic with properties to be determined.  It is shown that the 

unknown properties of the viscoelastic bar may be determined from 

the shapes of the incident and reflected stress pulses which 

travel in the clastic bar.  It turns out^howevc-r/jhat the only 

material property which may be derived with reasonable accuracy 

is the phase velocity for he basic frequency of the pulses 

propagating along the bars. All the other material properties 

proved to be extremely sensitive to small experimental errors 

and hence no reliable values for Ihem could be derived. 

IMMrtH 
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High Strain-Rate  Compression  of Zinc Single  Cristals 

by 

Edmund J.  Sullivan,  Jr. 
Abstract 

Stress-strain   data  are  presented   for   zinc   single 

crystals   cor.pressed  alone  the   [ 0001 ]   direction   at   strain  rates 
3    -1    '     3    —1 of approximately ] x 10  sec   to 6 x 10  sec  .  The tests 

vere run at room temperature and at the temperature of liiiuid 

r.itrogen; however, very little difference in the stress-strain 

behavior was ohservcd over this temperature range.  The stress- 

strain curves show that yielding begins below 2500 psi and that 

the stress-strain curve is concave upward to a stress level cf 

liO.Ono psi, which is the maximum stress obtained in these tests. 

The primary deformation mechanisms are twinning in the {10]";?} 

'-winning mode and slip on the {1122} <rr23> slip system. 

mtmm ÜfciMtJi—ii—   i   i* 



I 
Tech. Report No. 12 21 

Propagation of longitudinal stress waves in elastic and linearly 

viscoelastic bars of variable cross-section 

by       Amnon Mecr 

Abstract. The propagation of longitudinal stress waves In elastic 

and linearly viscoelastic bars of slowly varying cross-section, 

is treated by an elementary theory. Exact solutions based on 

this theory are presented for coney and exponentially variable 

cross-sections.  An approximate solution which is valid in 

certain regions of the bar is derived for a general bar of slowly 

varying cross-section. According to this solution, the amplitude 

of the displacement wave is inversely proportional to the square 

root of the local cross-sectional area of the bar.  (In visco- . 

elastic birs, the amplitude is also decaying exponentially due 

to the internal friction in the bar.) 

The effect of radial Inertia on the propagation of Ions-. 

tudlnal stress waves in elastic cones is also discussed in this 

report. It is found that the phase velocity of the waves is 

dependent on the wavelength and the iocaD radius of the cone. 

This phase velocity is represented by an expression which ic 

similar to that derived by Ruyleigh for the case of a cylindrical 

bar of uniform cross-section. 

Another problem which is created in this report is the 

reflection of stress waves at the interface between two elastic 

or viscoelastic cones attached end to end. It is found that 

during reflection, changes Jn pulse shapes occur, both in the 

elastic and the viscoelastic cases. 

*»*■• JM vpqpMMH 
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Tech.  Report No.   13 

Recent Experimental Studies of the Mechanical Response 

of Inelastic Solids to RapHly Changing Stresses 

H.  Kolsky 

Brown University 

Providence, Rhode Island 

The role of experiment in elucidating the dynamic 

.-•.•chanical behavior of inelastic solids is discussed with 

, »rticultir emphasis on the type of results which can be obtained 

rrcw wave propagation experiments. Recent experimental results 

1 mined by the author and his co-workers are reviewed as is work 

ty other investigators in the field. Viscoelastic waves, plastic 

■ r.'f-v.  and shock waves are considered and in particular a recent. 

Snervation by the author of the generation of tensile shock waves 

'.v\  stretched rubber is described.   The fracture behavior 

'.'  brittle plastics under stress-wave loading, and some recent 

work by Phillips on stress waves produced by tensile fractures are 

• f'Mtioned, 

Tech.   Report No.   1^ 

The Production of Tensile Shock Waves In Stretched Natural 

Rubber by H.  Kolsky. 

No abstract available 
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Tech.   Report No.   15 

'-{•ricction and Transmission of Elastic Stress  V.'aves  at the 

.Ujnctlon of Two Serai-infinite Rods which are at an  Angle to 

Each Other 

J.   P    Lee and H.  Kolsky 

Abntract 

When a longitudinal stress pulse impinges on the Interface 

of two seinl-infinite rods which are Joined at an angle to each 

other, it will, in general, produce four separate waves, namely, 

longitudinal and flexural waves in both rods.  In this paper 

Fourier techniques are employed to predict thcae transmitted and 

reflected wave shapes at different angles of intersection. 

Tinoshcnko theory and one-dimensional bar theory are used to 

describe the lateral and longitudinal vibrations of the beams. 

An experimental investigation of the phenomena was carried out, 

and the experimental results from this were compared with the 

numerical theoretical predictions.  It was found that for 

longitudinal waves the agreement was remarkably good. Except 

In very small regions, the predicted shapes of the flexural 

waves were also found to approximate very closely to the experi- 

mental observations. It was found that a critical angle of 

Intersection exists, and for angles greater than this,the shape 

of the transmitted flexural wave was found to be very insensitive 

to the angle of intersection of the t\:o  bars. 
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Dynamic Tangent Moduli of Polyvinyl Chloride 

Subjected to Largo Strains 

Bernard J. Reilly, Jr. 
Abstract 

The data presented in this report describe the changes in 

the linear dynamic viscoelastic properties of polyvinyl 

chloride v;hen it has been subjected to large one-dimensional 

strains.  Dynamic tests were carried out on specimens which 

had undergone large quasistatic deformations in conditions of 

Doth creep and relaxation.  At various times during the tests, 

small oscillatory deformations were superimposed on the largp 

deformations.  By measuring the resonant frequencies and decay 

curves, the values of the complex shear modulus G* and complex 

Young's modulus E* were determined. 

The large axial deformations were produced by a machine made 

specifically for these tests.  The small oscillatory deformations 

were produced by a coil-magnet system arranged so that either 

lateral or torsional vibrations could be set up.  The detection 

and measurement of the vibrations was also carried out by a 

coil-magnet system. An oscilloscope was employed to display the 

detected signals.  The resonant frequency could be found and a 

decay-curve picture could be recorded from the oscilloscope 

traces. 

The shear modulu.-. was determined by data from the torsional 

vibrations, while the Young's modulus was extracted from data 

with lateral vibrations. 

'*—«'''*■'-■""——'- ■ -  -       r «««iim—■■—- 



25 
Tech. Report No. 17 

Elastic Waves Produced by Loncitudinal 

Impact on a System with Symmetrically Branched Rods 

by 

James  P.   Lee 
Division of Applied Mathematics 

Brown University 
Providence,  R.I. 

Abstract 

The problem of the propagation of a longitudinal elastic 

wave which is travelling alone a thin uniform rod at the end of 

which a branched, symmetrically arranged system of rods is Joinea 

is treated analytically. The symmetry condition greatly simplifies 

the analysis and enables the problem to be treated as a two- 

dimensional one.  The theory used for the propagation of 

longitudinal waves along the rods is the simple one-dimensional 

one while flexural wave propagation is treated by the Timoshenko 

theory. The numerical results obtained with this analysis are 

found to agree well with CÄperlmental observations. 
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Experimental Demonstration of a "Viscoelastic Crossover" 

Phenomenon.  The Reflection of Stress Pulses at the Boundary 

Betv/een Nearly-Elastic and Lossy Viscoelastic Media whose 

Impedances are Matched.  By Mark B. Moffett 

Abstract 

An experiment has been conducted which demonstrates a 

viscoelastic "crossover" effect originally described theoretically 

by Kolsky and Lee. They discussed the pulse shapes to be expected 

when an incident dc stress pulse of known shape is reflected from 

the interface between two viscoelastic solids, both of which are 

described by a constant - tan 6 model, i.e., the loss angle of 

the complex modulus of each material is assumed to be independent 

of frequency.  (Ids model is approximately valid for many 

polymers at temperatures removed from their glass-rubber transi- 

tions, i.e. either when they arc in the glassy state or in the 

rubbery state.)  If the loss angles for the two materials are 

different, there exists a frequency at which the magnitudes of 

their characteristic impedances, /p|E| (p being the density and 

E being the complex modulus), are equal. This is termed the 

crossover frequency. When the incident medium is less lossy 

than the reflecting medium, one expects the reflected pulses to: 

1) have the same shape and sign if the fundamental pulse 

frequency l/2(t2-t,)(where tp-t, is the pulse duration) is much 

larger than the crossover frequency,  2) have the same shape but 

opposite sign if 1/2(tp-t,) is much smaller than the crossover 

frequency, or 3) undergo significant chances in pulse shape if 
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l/2(t2-t1)  is  in the neighborhood of the  crossover frequency. 

In the experiment,   dc stress pulses  of length W-t    «  130 Msec 

were reflected from the  interface between two rods of different 

vlscoelastic materials.     The  incident medium was a low-loss 

material   (polystyrene)   and the reflecting medium was a lossy 

material  (unplasticized poly vinyl  chloride).     By varying the 

temperature  of the system from 210C to 550C,  the reflected pulse 

shape changed its character in the expected manner from a positive 

pulse with a tilt to a negative pulse witn a tilt which became 

flatter at the highest temperatures.    Comparison of the experi- 

mental pulse  shapes with those computed on the basis of a 

constant tan 6  for the reflecting medium and zero tan 6  for the 

incident medium suggested that the  crossover frequency varied 

from about  300 Hz to about 100 kHz and that tan 6 varied from 

about 0.05 to about 0.03 as the temperature changed from 210C 

to 550C.    These  results, while in rough agreement with measure- 

ments of the  complex modulus  of the PVC using a resonant 

technique,  await  confirmation by more refined measurements of 

the properties of both materials. 
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Some Recent Experimental Investigations in Stress-Wave 

Propagation and Fracture 

Abstract 

This paper describes preliminary results of three distinct 

experimental programs at present being carried out by the author 

and his colleagues at Brown University.  These are: 

(a) Rubber is found to have a stress-strain curve which is 

concave upwards for tensile strains, i.e., the tangent modulus 

increases with increasing strain and also the attenuation becomes 

small at high strains.  As a result of this, tensile pulses of 

reasonably large amplitudes are found to develop shock fronts 

when they are propagated along rubber filaments which are already 

subjected to large tensile pre-strains.  Experiments illustrating 

this effect are described, and a discussion of the conditions for 

such shock-wave formation is given. 

(b) When a fracture occurs in a brittle solid, there is a sudden 

local change in stress and a compressive stress pulse is propagated 

away from the crack. Experiments are described concerning the 

generation of such pulses for Hertzian fractures, simple tensile 

fractures, and flexural fractures. The theoretically predicted 

pulse shapes are compared with those observed experimentally. 

(c) When a longitudinal stress pulee is reflected at normal 

incidence at the boundary between two solids of different 

properties, two pulses are, in general, produced. A reflected 

pulse is sent back, and a transmitted pulse is propagated in the 

■ 
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second medium.  When one or both of the solids are viscoelastic, 

both the transmitted and reflected pulses have shapes which differ 

from that of the incident pulse.  In particular, if the values of 

the acoustic impedances cross at some frequency u, called the 

cross-over frequency, dc pulses of duration comparable with 1/u 

are reflected as s-shaped ones.  Experiments which show this 

phenomenon are described. 
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Reflection of Pulses at the Interface Between an Elastic Rod 

and an Elastic Half-Space 

Serge Boucher 
Abstract 

The problem of the reflection of elastic stress pulses 

at the interface between a rod and a half-space is treated 

theoretically and experimentally. The axis of the rod is taken 

to be perpendicular to the free surface of the half-space and 

its flat end to be in frictionless contact with this surface. 

Prom the Fourier analysis of the incident and reflected 

pulses in the rod, the dynamic coefficient of reflection is 

computed. It is found that the accuracy with which the dynamic 

properties of the material of the half-space can be computed 3s 

limited by the precision with which the values of the Fourier 

components of the pulse are known. 
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An experimental Investigation of stress waves in rods of a fiber- 

reinforced composite by Peter J. Arsenaux, Jr. 

Abstract 

The propagation of pulses in square bars of glass-epoxy 

fiber reinforced material was observed experimentally. The 

fiber orientation was varied from parallel to perpendicular to 

the bar's axis. Phase velocities were compared with those 

predicted from talcing an effective Young's modulus for the 

bar. Geometric dispersion was considered by examining 

sinusoidal vibrations of composite rods of circular cross- 

section. Dispersion curves were predicted based on a lateral 

inertia correction and measured using a resonance method. The 

experimental results are net very extensive but neverthelesi: 

sufficient for qualitative ccncluslons to be advanced, r'vr.vir.g 

measurements were taken frcm oscilloscope records of free 

oscillations of the round conposite rods. Again the results 

arc not a3 complete as one would like, but some conclusicr? 

can be drawn. 
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