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NO TAT I ON

a radi us of sha ll

A t r i b u t a r y  s u r f a c e  a rea as s o c i a t e d  w i t h  n o d a l  p o i n t

c wave siuc ed (in general)

c , c , c bar , s h e a r  and d i l a t a t  ional  wave speeds , r e s p ect  i ve ly

C V i s c o u s  f r i c t i o n  c o e f f i c i e n t

d d e p t h  of a p o i n t  on a b u r i e d  s t r u c t u r e  be low a~r ound s u r f a c e

E Young ’s me h u l u s  of s t r u c t u r e  and i d e a l i z e d  so i l  medium ,0 m
r e s p e c t i v e ly

F ma trix of friction forces

F maximum harmonicall y—app l ied f o r c emax

g ac e le r ua t ion due to g r a v i t y

h t h i c k n e s s  of s t r u c t u r e  w a l l

I a rea  moment  of i n e r t i a

k s t i f f n e s s  of s i ng l e  d e g r e e — o f — I  reedom o s c i l l a t o r

K s t i f f n e s s  m a t r i x

1 wid th of an element

M mass ma trix

n cycl e number (subscript)

N t yp ical  nodal  normal f o r c e

p frequen cy of excitation

P ma trix of externally app lied f orces

r radi us of arch

time

v par ticle velocity

V maximum veloci tymax

w wei ght  densi ty

W wei ght

x, x, displacement , velocity, acceleration

X maximum disp lacements In successive cycles of oscillation

X maximum disp lacement of single degree—of—freedom system
0
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S ECTIO N I

I N T R O i t t t ‘1 I ON

1 . I . llACK (;Rol2~D

l i n e d  v i b r a t  j u n  tests wi re conducted on a 1 : 3 . 7  sca l e  buried arch

, a i i ~ an two b u r i e d  r a n t  a n g u l ar  s t r uct u r e s  at the  s i t e  of E S S E X — V  near  For t  Po lk ,

l o u i s i a na .  The u h ~ cctiv e of the  t e s t s  was tc d e t e r m i n e  s t i f f n e s s  and damp ing

cha r a c t e r i s t i c s  of the structures before and a f t e r  b a c k f i l l  was p l a c e d .  This

i n t o r m a t  ion is needed in order to develop  s i ng l e  d e g r e e — o f — f r e e d o m  ri le I s  f

structures for use in target evaluation.

The g e o m e t r y  of the  a rch  and b a c k f i l l  are shcwn in Figure 1 — 1 .  The

a r  h was first tested in the excavation without hin kt i l l  (‘over. Then b a c k f i l l

was a u l u l e d  and c om p a c t e d  (9 8—100 p c f )  up to o r i g i n a l  gr;a.le level and vi b r a t  ion

t e s t s  r e p e a t e d .  All vibration test ing on thu arch w a s  cump le t e d  b e f o r e  the m a i n

ESSEX—V ev e n i .  The t e s t s  and r e s u l t s  a re  d e s c r i b e d  in d e t a i l  in Ref. 1. Typ ical

r e s u l t s  ut  t h e  t e s t s  are shown in Fi gure 1— 2 in  t h e  form u t  impedance (F /V
max max

and q u a d r a t u r e  (F t i nes  peak a c c e l e r a t i o n  t i m e s  sine of t h e  p hase ang le

between them ) versus frequency. The valleys in the impedance curves and the

peaks  in t h e  q u a d r a t u r e  curves  f o r  the  uncovered s t r u c t u r e  show t h a t  the  peak

v e l o c i t y  becomes l a rge  ( resonance)  when the  d r i v i n g  f r e q u e n c y  approaches  a

n a t u r a l  f r e q u e n c y  of the  s t r u c t u re .  The curves f o r  the covered s t r u c t u r e  do

not show such peaks or v a l l e y s .  This  is I n t e r p r e t e d  as absence of resonance.

The covered structure was tested three times at peak force levels of SO , 150

and 500 pounds , r e s p e c t i v e l y ,  and the  impedance  v e r s u s  f r e q u e n c y  p l o t s  were ’

a l m o s t  i d e n t i c a l .  T h i s  result i s  cons ide red  to confirm the absence of resonance

in the  covered s t r u c t u r e .

Forced v i b r a t i o n  t e s t s  were a l s o  conduc ted  on two 1: 3 . 7  scale rec tan-

g u l a r  s t r u c t u r e s , wht cn are illustrated in Figure 1—3. Unlike the arch , these

structures were subjected to forced vibration testing after ESSEX—V. The orig—

inal h~ ckf Ill was excavated , the structures were inspected and were found to be

undamaged , and sand backfill was placed by raining from a height of 5 feet.
‘a.
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‘Flue p l a i t s  of impedance  and quad r a t  u re  v e r s u s  frequency f o r  t h e  St i f  fe  r St r u e —

t u r e  (Structure ID , 1,/h = a l  w i t h  and without b a c k f i l l , 1 ’ i g u a re 1— 4 , e x h i b i t

d i s t  i n c t  r eson an c ’es .  S i m i la r  p l a i t s  f o r  t h e  mor e  f l e x i b l e  s t r u ct u r e  ( S t r u c -

t u r e  IB , 1./h = 1( 1) ,  Fi g u r e  1—5 , show resonances  f u r  t h a i ’  u n c o v e r e d  St r u c t u r e s .

Some e v id e n c e  of weak resonance  was also found  in t h e  covered s: r u a c t u r e , b u t

t h i s  i s  somewhat  a m a t t e r  of i nt e r p r e t a t i o n  of the d a t a .

Tha i ’ o b s e r v a t i o n s  t h a t  resonance d i d  not  a p p e a r  i n  t h u  a r c h  a f t e r

b a c k f i l l i n g  and t h a t  resonance  was weak in one r e c t a n g u l a r  s t r u c t u re  ( L / h  = 1 (1)

were  u n e x p e c t e d .  The r e s u l t s  cast doubt  on the  u s e f u l n e s s  of f o r c e d  v l h r ; a t i u u n

t e s t i n g  to  deve lop  p a r a m e t e r s  f o r  SDOF models  of b u r i e d  s t r u c t u r e s .  The r e s u l t s

a l s o  p o i n t  ou t  a d e f i c i e n c y  in fundamental knowled ge of soil—s tructure inter-

a c t i o n .

1.2. OB,JECTIVE

The objective of the pr (’sent stud y is to exp lain why resonance was

suppressed in the buried arch and to determine what changes , i f  any ,  shou ld

be made in SDOF models  of b u r i e d  arches .  The r e s u l t s  of t h e  t e s t s  on t h e

b u r i e d  r e c t a n g u l a r  s t r u c t u r e  which  c l e a r l y  e x h i b i t e d  resonance were kept  in

mind  when var ious  h ypotheses  were e v a l u a t e d .  A secondary o b j e c t i v e  was to

s t u d y  m e t h o d s  of e s t i m a t i n g  the  equ iva len t  percentage  of c r i t i c a l  v i scous  damp-

ing f r o m  the forced vibration test data and also from the various finite ele-

ment simulations .

1.3. SCOPE

An investigation was made of factors governing the behavior of the

arch before and after emplacement of backfill using three—dimensional elastic

finite element simulation techniques. The scope of the studies included ob-

taining mode shapes and frequencies , performing dynamic modal analysis and

dynamic step—by—step analysis.

The chief hypothesis of the analytic studies was that adding back—

fill to the arch increased the effective damping to the point where resonamce

was significantly reduced or suppressed altogether. This type of effect occurs
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in  . i  single degree—of— freedom use ill  at air with even modest urn  o a r  t s o f  vi Si o i l s

d a m p i n g .  F i g u r e  1— h shows t h a t  at 1 2 . 5  p e r c e n t  c r i t i c a l  damp i n g ,  f o rc e d  v i b r a -

tion of a SDOF osc illator at its resonant frequency produces only four times

the d i s p l a c e m e n t  produced by the same peak force app lied staticall y; at 50 per-

cent critical damping, peak dynamic and static disp lacements are equal (Ref. 2).

P o s s i b l e  sources  of damp ing  f o r  t h e  b u r i e d  a r c h  w e r e  i d e n t i f i e d  as

f o l l o w s :

a. Radiation damp ing

h. Fric t ion between soil and structure

c. Hysteresis in soil adjacent to the structure

Structural damp ing in t h e  concrete structure was another possible source of

d a m p i n g ;  i t  was assumed to be small and was therefore not considered.

The amount of radiation damp ing f o r  each st ruc ture depends on the

natural frequencies of the soil—structure system , its geome try and the wave

speeds in the soil and structural materials. Differences in geometry be tween

tlae arch and rectangular structures and in the respective backfill materials

may account for different amounts of radiation damping. This Is considered

to be a si g n i f i c a n t e f f e c t .

Fric tion must be considered because overburden stresses (a) of 2 to

10 psi allow maximum friction stresses (‘t ) of between .5 psi to 3 psi to

develop , based on an assumed coefficient of friction (ii) of .25 to .3 (Ref. 3).

Summing these stresses ove r the  s u r fa c e  area of the  s t r u c t u r e  i n d i c a t e s  a

potential for energy absorption which is comparable to the total of kinetic

and potential energy of the structure during the forced vibration tests. Since

the geometry of the arch structure is more conducive to generating motions

tangent to the soil—structure interface , which enables the friction forces to

do work , and since the soil is probably in more effective contact with the

ar ’h than with the vertical walls of the rectangular structures , dissipation

due to friction may be greater for the arch. Friction is therefore a second

i~~ s~ ih i e  so l a r  e of damp ing wh i ch may effect the a r c h  and rectangular structures

to different degrees.



Hy s t e r e s i s  In  s t r e s s — s t r a i n  r e l a t i o n s  causes energy to be absorbed

by ev e  In s  of load—un load or rel m a d  w h i c h  are produced in t h e  s o i l  b y Usc  l i l a —

t i o n  u t  t h e  s t r u c t u r e .  The e f f e c t i v e  h y s t e r e t i c  damp ing  dep end s on the amoun t

of energy absorbed in each cycle. Alth oug h no measu remen t s  of s o i l  s t r ains  were

made during the forced vibration tests , the order of magnitude can be estimated

(Ref . 4) from

V
C

c

where

represen tati ve st r a in  parame ter in the so i l

v peak particle velocity in the soil (.05 in./sec. to .5 in./sec.

fo r  500 pounds maxi mum f o r c e

c = wave speed in the soil (approximately 12 ,000 in./sec. for backfill.

Th is leads to estimates of order S 10 6 to 5 ~ l0~~ in./In. in a small vo l ume

of soil adj acent to the structure , and smaller values a t  greater distances.

I t is difficult to  estimate the energy loss associated with these strain levels

because no acc ur,ate measurements were made on the backfill material in this

r ange . E a r t h q u a k e — r e l a t e d  research  has developed a concept of e q u i v a l e n t  c r i t -

i c a l  v i s c o u s  damp ing fo r  so i l  sub j ec t ed  to  shear waves ( R e f s .  S and 6 ) .  The

p r o b l e m  of c o n v e r t i n g  t h i s  i n f o r m a t i o n  i n t o  f r a c ti o n s  of e q u i v a l e n t  c r i t i c a l

v i s c o u s  damp Ing f o r  the  p r e sen t  s o i l — s t r u c t u r e  sys tem is f o r m i d a b l e  and beyond

the scope of the present study; however , an upper bound can be de termined by

~assumi ng that the structure experiences as much damp ing as the adjacent ele-

m e n t s  of soi l , w h i c h  is that associated with the strain range given above .

This appears to be about 3 to 4 pe rcen t  of c r i t i c a l  damp ing.

That’ present st udy concentrates on radiation damping and friction .

Preliminary estimates suggested that radiation damping is the dominant effect

and major emphasis was placed on investi gating it. The final results con—

firmed that radiation effects outweigh friction by 4 or S to 1.

—12—
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S f - C T  I ( I ~ 2

F’ I N I T i. EI ,t:MI - ;Ni SIM I;I,ATION oi~ Bt ’ R I  ED A R C H

2. 1 . I N I’ROI) i CT I ON

The f i r s t  s t e p  i n  s i m u l : i t  ing t h e  t o r - t ’ t  v i b r a t i o n  t e s t s  ‘ta  t l i c  a r ,  I I

is to ot ’t ; i  in  n a t u r a l  f r e q u e n t ’  l o s  and rn ‘do shapes  a s s o c ia t e d  ~ i t h a  di- f o r m a t  io n s

‘I 1 10 s t  r u a ’ t u r e  . Those of t hi- u n c o v e r e d  st r u c t u r e  were  compar ed wi  t h a  nt

I 1 11.f l l t  i t  li- s i n  o r d e r  to q u a l i f y t l a e  d y n a m i c  mode l .  Modes and f r e q u e n u  i t S  of t I i o ’

uw~~
’ red St  r uc  t tire were compared w i t h  those from t l ie  u n c o v e r e d  S t  rca, - t a i  r e t o

i n d i c a te  the extent of soil par ticipation. .~ext , a normal mode anal ysis wa-~

p (’rfo r I.o’d using the results of t h e  modal extract i o n .  ‘I’h e load ing was a fre—

q I a o ’ n I v sweep in whai ch a 2’i cycle s of a harmonic I l I a d  wo re ; c i i u  I led I t  the c r ’ ~~ r I

tol lowing which the f r e q u e n c y  of the f o r c e  was increased by rough l y p er . ’~ f l t

:and h e l d  f o r  a n o t h e r  25 cycles. Undamped modal  anal ys i s  was conducted for

h t h  covered  and uncovered  m o d e l s , and a parametri c study of t h e  effects of

na da l  damp i n g  on r e son an c e  in t h e  covered s t r u c t u r e  was made in w h i c h  1 2 .  5 ,

15 and 50 p e r c e n t  c r i t i c a l  d a m p i n g  in a l l  modes were  assumed.  T h e  third step

~~a s  to clarif y t he  role of radiation damping by inves tigating the properties

of the structure in a semi—infinite soil d o p u s i t .  Since saach a system does

n t  possess c l a s s i c a l  no rma l modes , t h e  h a r m a c n i c  moda l  a na l y s i s  was abandoned

in t 1 av au r of transient analysis using di rect Integration , l a n d  ;a non—reflecting

ha ’undary condit Ion of the Lysmer—Kuh lemeyer type (Ref. 7) W I l l ;  used at t h e  sub—

surfa t’ edges of the soil Island in orde r  to s i m u l a t e  a s e m i — i n f i n i t e  soil

doma in. A parametric study was made to  stud y the effect oh variation in wave

speeds In soil ofl radiation damp ing. The final step reported here is to in-

vest i gate the c a a n t r i b u t  ion of friction at the soil—structure interface to damp-

ing of the covered structure . The linear finite element code GENSAP was amended

to apply damp ing  forces at interface nodes. After executing several check

problems , a three—dimensional t ransient analysis of the covered structure , in—

cluding nonlinear effects of fric tion , was perform ed.
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2.2. Rh-:S1’LTS OF ~IOt)A i, l- .XT RA CT IO N

The gc u:- .~ ’ try of t h e I m i  t o ’  t’ l ement  s i m u l a t  i o n  used thu roughaout tIac

p r t ’ son t  s t u d y i s  s h a a u w i c in  Fi gure  2 — 1 .  A p lane (li sy m m e t r y  is assumed  p o r p e n —

d i c c i l a r  to  the long ;axi s (If t h e  s t r u t  t a r t ’ , wi  t Ic  t he  r e s u l t  t h a t  onl y h a l f  the

st  r l i c t c i r e  is r e p r e s e nt e d .  A second ge o m e t r i c  p 11400 of s y m m e t r y  e x i s t s  w hi  i c h

l i e s  a l o n g  the  a x i s  h u a t  t h i s  was no t  assumed in t h e  m o d e l .  In  o r d e r  to p r o —

serve th c  opt ion to  cons i d i r a n t i — s y m m e t r i c a l  modes and u ns vn i tu o ’t r i c a l  l o a d i n g

i t  was n e c e s s a ry  to  i n c  lu d e  bo th  sides of t h e  s t r u c t u r e .  However , t h i s  op t  ion

was not  , ~o , l  d u r i n g  t f a t ’  p h l a se  of  t h e  s t u d y  r e p o r t e d  hero- . ‘r ho I m i  t o  o f  a non

d i s c ru t i z a t  ion of t h e  st  ruc ’t c i r e  is shown in Fi gu re  2 — 2 .  T h i n  p l a te  c l e m e n t  s

( t  ( cu r node , 1 i n c - a r c u r v . a t  u r t  c l u l I l p a t  i b l e )  a rt ’  used f u r t I I ’  s t r u c t u r e . He xa—

h e d r a l  c o n t i n u u m  o l e m e ’n t s  ar e  used f u r  t h e  s o i l .

The m a t e r i a l  p r o per t i e s  oh the soil assumed in t I l e  a n a l y s i s  w er e  a ’ ,’-

(In sec a n t  modu l  i i n  t i n i a x i l a l  s t r a i n  f r o m  0 t u  1— 2  p e r t  tnt strla in (Ref. 8)

l O i s  was based t n  a p r e l i m i n a r y  upp er  bound est i m at e  of t l io ’  s t  roast ’s  wh I i cli c o u l d

be Induced  by t h e  fo rced  v i b r a t  ion . The p r o p e r t ie s  d e r i v e d  in t h i s way ar e

shauwn i n  T a b l e  3 — 1 .  As is d i s c u s s e d  below , subsequen t  t r a n s i e n t  r e sponse  , a n l a l —

y s i s  slaow e d t h a t  t h i s  s t r a i n  level  i s  p r o b a b ly  much t o o  h i g h .  A l t h o u g h , t h e

t r a n s  l e n t  l I I I a l v ’ 1 a s s  hc , ’w a ’ch t h e  r a d i a t  ion d a m p i n g  to  he sons i t  ly e  to  c i l l a n g I ’s i n

ttu e assumed modul I , p r ev ious  nui”, e r i c a l  e x p e r i m e n t s  I n d i c a te  t h a t  the ci f e e t  of

soil  s t i f f ne s s  un mo,he s h a p E - I and I r eq u e n c i e s  is much weaker  ( R e f .  u~) .  A de-

t a i l e d  p l lra r n o ’te r  s t u d y was t t l c r e t  ore deemed n e c e s s a r y ,  and the  modes r e p o r t e d

below — a r t ’  o b t a i n e d  (In the b a s i s  of lowe r bound soil moduli.

The nla tura l frequencies and mode shapes were obtained with a Ray leig h—

Ri tz procedure in which the initial shape functions were a set of harmonic dis-

placemen t functions suggested by the theory of cy lindrical shell s. Modes of

the uncovered s t r u a  ture were extracted by placing the structure in thae excava-

t ion without any backfill. Modes of the covered structure were extracted by

add ing soil elements having properties of backfill. Table 2—2 compares natural

f requenc ies  of t h e  covered and uncovered models with measured frequencies of

the uncovered structure. The range of measured frequencies is somewhat above
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hose c a l c u l a t  a d .  T h i s  is  p a r t  lv h o t -au se ’  that’ c alcul at i o n s  r ( ’v e l a  1 1 owe r modes

w h i c h  - a r t ’  St  ronglv i n f l , a e ’ n -t ’d  by ri g id body motion whaera’as the measurements

I coal t o m i s s  t h a ’s t ’  . The cl i  l c u j  1 at  i o n s  I O t a  I d have been extend e h to Ii i gher modes ,

hut tb is woaald haIl’ ,o’ requ 1 rod f i i a o r  di scret izat iun of botha a t  ru cture and soil .

‘rh is W a s unne a -ss a I y h e ’ c a l a s e ’  un iv a few deform ational modes are needed t o

in vo ’st a g a t e  t i l t ’  m l  I u e r a - a ’  ‘‘I d;amp ing on r e sp o n s e .  The range from mode 5 t

n a u , l , ’  10 of t ht ’ ‘sut le  is  is r i cli in deformat Ions. Mt ’ , a s l a r ed  mode s I i ~a~u o ’ a  and

natural freqcaenc ies I or modes 1 and 2 compared  f a v o r a b l y w i t h  v a l u e s  c a l c u l a t e d

tar mo lt’s 5 and 7 uI t I l t ’  fini to  e l e m e n t  mode l  of the uncovered arch. This i s

shown In Figures 2—2 and 2—i. ~Ie,as uro ’ments of the deflected shape for mode 3

we rt’ n t  reported by WES. Hence , it is n o t  c e r t  l a i n  w h e t h u e r  tlae mode shape i s

t i l e s ame  -as that of mode 9 ot tha c uncovered arialyt ic m o d e l .  Thae c alculated

mode sh ape s of t I c  ca u ’ ,’ o - r t ’ d  land u a n c , ’ ’ ’ r l ’ ,i s t r l a c t u r o ’  - ar t’ given in Appendix I.

Pre vious studies (Ref. 9) have correlated mode slaapes of a stru ct tire

with and without so il cover by s u m m i n g  the dot product of ei genvectors from

t I c  t w o  analyses. This cu r r e l a t  ion was part of an effort to develop in v l l c u u o

mode ’ls w h i c t a  wou ld  have tha t - same frequency characteristics I ls  buried -structures.

Fiat’ present stud y inve st i 8ates t h e  damping associated with I ro’o vibration of

an embedded structure. This information m ay  eventuall y be comb i n e d  wi t h the

pr evious data to d e v e l o p  i i i  in  vacuuo  model with approximately t i u t ’  same fre—

p a t s y  and damping characterist ics -is the embedded Structure.

2 . 3 .  SI M LLA T IO N OF FORCED V I B R A T I O N  MODA l, A N A L Y S I S

Simulat ion of forced vibrat Ion a i t  t li t ’ crown of 1)0th covered and on—

covered structures was performed casing the natural frequencies and mode shapes

described above . The crown of t h e arch wa s driven wit h a sinu soidal l y vary ing

fo r e  whose peak magnitude was 250 pounds (500 pounds for full structure).

Starting at ~-a fr equent- v of  75 Hz , the frequency of thae forcing funo tion was

held fixed for 25 cycles. The frequen cy was then increased by 5 p e r c e n t  ( t o

78.75 Hz) and b aold for a n ther 25 cycles. This procedure was continued until

a frequency of 141 lIz was reached. Damping was assumed to he zero apart from

L a small amount present ia-i the linear acceleration method uased to integrate the
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ma,’,l ,aI e q u l - a t  i ons .  i l a e  r e su l t s  ire shown i n  F i gures  2 — 4  land 2 — 5  i n  t o ’ r I l s ‘ 1

vo’l o c i t v — t  I n c  h i a t , u r i & ’ s  a t  the dr iv o pa i n t .  I-; ,ac hc d i s c r e t e  f r l I u l e n c v  a n d

i nu t’rval dur Log wh a i d a  it is app l i e d  i s  shown on a - l i t ’  t im e  ~a x i  s . l’lach nat Ira I

f r t ’ ~~u a t ’n c v  of the I m i t e  e l e m e n t  simu la t ion is marked by ~an arra w pointin g to

t h e  t a r - c  i n t t ’r v a l ( land i a u ’ n c t ’ , f re q u e n c y )  w h e r e  r e s o n a n c e  mi g l l t  b~- e x p e c t e d .

F i g u r e  2— - ’~ sh ws t lie ye I oc it v—t inc h a i  s t o r y  f o r  t i l t ’  u n c , u v t ’  r o o f  a r c h

il tNt’ crown (cxci tat ion point ) . T h er e  a r t ’  t h r e e  n a t u r l a l f r o ’ u I I a o ’ r a - ieS t h a t

oc c u r  w i t h i n  t h e  r an g e  ‘1 a - la o sw&’o’p and whlich may a p p e a r  as ~a r e s on a n t  p ’~~
I t ’  Ont ’s at  0 5 . 2  and 100.5 Hz (modes 6 and 7) can h0- re -o g n  I red h c c a a u i s e  ‘f

the re’ 1 at ive lv hi gla ‘amp l i t  I ade s  r e l a  hed as F lie f o r c i n g  f u n c t i o n  swo ops a -h r ’uig la

their . ff,’wt’ver , mode 8 ( 1 19 . 9  Hz)  i s  n u t  d e t e c t e d  at all. This is ap p a r en t i

ho’c , a a a s e  it involves p r t ’ d u m i n a n t  ly flo or deformations.

‘the t r r e s p o n d i n g  v e l o c i t y — t  i l’1I ,’ h i s t o r y  at  t h e  c rown of the covo red

a rch , F i g u a r c  2— 5 , c o n t a i n s  t h r e e  n a t u r a l  f r e q u e n c  it ’ s w i t l a i n  t h e  f r e q u e n c y

rang e sw ep t  anti range of modes e x t r a c t e d .  The f i r s t  n a t u r a l  f r e q u e n c y  in a- h is

r ange is 83.8 Hz. H ow e v er , this is t h e same floor mode tlaat did not e xh ij b i t

r e s o n a n c e  l i t  the crown of t h e  uncovered  a rch  and it is believed that it got’s

tin d et o ’ct  a - f  a g a i n  f o r  th a ’ - ,, an t ’  r o l a s l u n s .  However , modes 9 and 10 r a r o  observed.

l l , c ’~c art ’  at 100.5 land 110.8 H z .  hie ’cau se of t h e i r  dluls e spacing extra ca re

must ba’ taken in examining and Interpr eting the results.

That’ occurr eti ct- of resonance in b u t  Ii models indicates that much g r e l a t e r

damp i ng was needed to simulate the physia- l a l experiment. In order to estimate

that’ equivlalent viscous damp in g required to suppress ra’sonanct’ , which would agree

q al l a l i t a t  ively with a-ha ’ observations on the covered ,,rc la , three  moda l  a na l y s e s

wera’ made in which the perc enta ge 1 c r I t i c a l  damping was 12.5 , 25 ,ar ,d 50 per—

Ct  l i t  . In each case the damping was assumed to be const ant in all modes. The

a li lcullat ions are thus similar to the one whose results ~are shown in Figure 2— 4 ,

excep t that the damp ing  Is greater. The results show that resonance occu rs

at 12.5 percent and that it Is suppre sod at 50 percent. At 25 percent critical

viscous damping there art’ only slight remnants of resonance. There is motion

in b ,’t ha the 25 and 50 percent cases , but the amplitude is , to f i r s t order , inde-

pend ent of frequency a~*’ the forcing f unc t i o n .
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‘l ’he a ’ t s a a l t  d u ’ ’ c r i b e d  , a l ’ ’Va - i nch ’ t -  t h a t  - i l l  t I  I a ’ , iva ’ d a m p i n g  a t

20 to 10 per-e ’nt is  r e q u a i r a ’ l to h r a l I ~’ t h a t -  a n a l ’  a ic rn I, ’I l ,i ttc q u a ; a l i r - a t  Oj t ’  a g r eE -—

Ile li t s i  ti c t i l t ’  t e st  d a t  a. T ia ~ qcie~ t i l l ) ’  t o  ho- ~aaId r. — - ‘ci n t ,. t a r t ’ : Wh a t  - a r t -  t h a t ’

s, ’c at ’ u ’o’s cu t d , I I I i u l l l i ’  and is t h e i r  a u ’ , ’ r t ’ a ’ . I t a ’  t i  a - ~ F ~‘r&’ , at ia - a ~ t ta  s u a j u l ’ r t ’ s s  reso—

n lanc o ’ ?

2 . -S . ~I R,\NI~ I i ’N T , \ N A I Y S  I S  OF COVERED A R C H

‘rhrt ’e  damp i n g  m t ’ d l l l a i l i s m s  i a , a v & ’  b een p o s t u l a t e d  in  h a - c t  i a , n  1 as c a ’n —

t r i h u t  i n g  t a a  t h e  t a t a l  d a m p i n r  u t ~ t he a r i a :

a. Radiation dc ani p i n g

h. I” rict ion

C .  hiy stt ’rt’s is in hackfi h i m ;aterial

Radi t at ion dtamp iaig is o a s so c  i ; a t e d  w i t h  wave p ropaga t  i a n  in an infinit e

aI r s e m i — i n f i n i t e  domain and is not correctl y repr esented in a bounded domain

such la s  a-lie one ana l yzed  b y mod a l  e x t ra c t  ion m e t h o d s .  To r e p r e s e n t  a s e m i —

infinit e soil domain , II  Ly smer—Kuhlemt ’yor non—reflecting h ,u ua n,l,a;’v c o n d i t i o n

(Ref. 1) W a ’, ia~g 1 ied to  t h e  s u b s u r f a c e  b o u n d a r i e s  of t h a t ’ s o i l  i s l a n d .  Tb is

TI l I e !  no lon g e r possesses c l a s s i c a l  normal  modes , and hence r e s o r t  is l l , a d c ’

Lu a direct , stop—by—step integration method. That’ possibility that fricti on

fctw au ’n the soil and structure may absorb a si gniticant amount of vibrational

energy a r is e s from the si gnif icant confining stresses (2—10 psi , dt’~ut ’ nhi ng

l,n d ep t h )  due to overburden . Sliding fric t l o l l  m t  r ( ’u h ( a c t ’ s  n o n l i n e a r i t y  i n t ( ’

th e system of equio at ions , w h i c h  Is a n o t h e r  r e a s o n  f u r  u s i n g  d i rec t , step—by—;t ep

in ta’g r~a t ion methods. As is explained above , soil hysteresis is om i t t e d for

lack at experimental data on which to base a constitutive model and s t r u c t u r a l

damp ing is omitted because It is small.

In the following analysis , damp ing is inves t i ga ted  by o h s & ’ r v i n g  de e , i v

in t ia t’ amplitude of free vibration . Motion is induced by app l y ing a trian gular

pulse wha ,aso ’ duration is about equal to .005, second (approximatel y t he h a l f

ut . riod of the’ 100.7 Hz mode). The total durat ion oh the calculat ion is .108

second , a r , a f u a u a a t  21 time s t h e duration of the load ; case 2 is an exception due

being terminated prematurely by the computer center operator.
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2. 4 . 1 .  EF ’F l’ (’’ l ’  a ) l  S O I L  S T I I ’F ’ N i - ’SS ON R A I I I A T I I a N  !a Al ’ l l ’ l ,N ( ;

( ‘ , a l c u l , a t  ions  were  made t o  i n v e s t  i g a t e  r a d i a t  ion damp ing and the  i n —

fli ae nca’ 01 w , a v a ’  s p a ’ t ’ af i n  the backl il l and s u r r o u n d i n g  soil on t h e  a m a a u n t  of

r , id l i t  j ot - i  darl[ I n~~. ‘flIt ’ t m i  to element s imu lcat ion showed that tlae amount of

r;adi - a tion da r p i n g  is  5t ’ aiS i t  Ly e  t O  v a r i a t  ions in the assumed wave speeds wh ich

art’ within tIns range of expe’rimenta 1 u n c e r t a a i n t y .  All of the analyses were

based on nae,asurements of uniaxial stres s—str lain properti e s performe d on undis—

tla rhed samples taken from the ESSEX test site. l’he site profile and repre—

-t’ ntat ivo ’ str u’s :-l—str ai n dlata ,are’ given in Ref. 8. Among the most  i m p o r t a n t

data is the caniaxial st ross—strain curve for the tamped backfill surrounding

t i l e  larch , wh ich is slaown in Figure 2— 6.

In interpreting the data for use in the calculations , attention was

given to possible diff e rences between the actual stress—strain curves for

backfill in the field and the representative curve g i ven in Fi gure 2—6. There

is the possibilit y af disturbance during samp ling; the effects of sampling

procedures on moduli are not well known at the except ia ’a a ,il iv low stress levels

u I  I n t e r e s t  in t h e  present study. This pr oblem Is reflected in a- lao’ observa-

tion that In sltu ‘e’ism ic w s v t ’  speeds a rc  in surna ’  c ase ’s ( Ret  . 10) h I g her  t h a n

labor ator y St r t ’ s s — , t r a a i n  m e a s u rem e n t s  wo u ld lead ‘lie to  e x p e c t .  A l s o , t h e r e

Is variability in su ch pr ‘ pe ’rtit s as t h e extent of compact ion of t h e backfill ,

which is re’f h e r - t a , - ’ ! n e - i  t hu r in a-ha,’ st ro ss—st ra i n  curve in Figure 3—5 nor in the

a al c ai l at ion.

A a a ’  I I I  ques t  l u l l  is wh a t h ae ’ r the secant a r  the m i t  ial tangent modu li

I f  a -t ie exp eriment ,il stress—st r,iin curve’s s l a o u l d  f a e  cased la s II has is far thu

elast Ic m o d u l  I a u l  t h at ’  f i n a l , -  e I t - r a , ’n t  model. 5 par a m e t r i c  ~tcid y was performed

t o  inves tig ate how hackt i l l  and in sit a a saaa I stiffness influence “adiat ion

damp ing. A l ower “ - “ u a a l  on moduli in the b ,aa ’kf ill and otha i r st-ill layers was

established on the f a a - i s  t h e  s e n - a n t  m o d u l u s  f r o m  0 to 1—2 percent strain.

The secant modulus in the b ,i ckf ill is about 6,700 psI , which leads to a dilita—

tional wave speed au ; at ,a ’ c at 51 1 ~sl . 
‘Flat ’ wave speeds assumed for the backfill

and the ‘a t h e ’ r soi l  l a y e r s -  i r e  s u mm a r i z e d  in  Table 2—3. The results of the

-2-5 -

-- 

~
‘
~~~~~~~~‘T



____________________________________

- a le c a l at ion ai ~ Ing thuese p ra u l ue ’r i les are  il  l u s t r a a t e d  1)1’ Ia vol a u d i tv—a - ime lu st ory

at tue crown in F i g u r e  2 _ 7~ ‘the response  is I i gh a t l y damped r an d i s  u n l i k e ’  t he

r e s p o n se ’ a t  a - hue  p h y s i c a l  a r c h .  S u s p e c t i n g  t h a t  t h a i s  i s  due  to i n e f f e c t i v e

r,ins •‘r of en e r gy  in d e f o r m a t i on a l  aiuodes t a u t h a t ’  soil , Ii second c a l c u l a t  i on

5 riaai ,’ in whu i a - l i  the soil properties were based on the initial tangent

m o d u i l i , wh ich  lire about four times stiffer. Thue jtastif li’;ation for this is

t i - a~ tins stress levels developed in t he  backfill during the tests were prob—

abl y of orde r 0.1 psi (order .01 bars), so that the initial tangent modulus

iS  Tluu re re’;’ro’st’nt at  ive of the s t i f f n e s s  g o v e r n i n g  r a d i a t i o n  damp ing  e f f e c t s

in t ins fo ’ra ’ed vibra tion tests (though not necessarily under weapons eff ects

load ing) than is ttue secant modulus . The results of the second calculation ,

sha ’wn as v e l o c i t y — t i m e  h i s tory of t h e  cr own in F i gure 2—B , indicate a sub—

s t , a r u t i a l  L i t  rt’ ast’ in radiation damp ing. Since this result is central to

the T’~”~~ruosa’ c a f  the’ present study, it was decided to perform another calcula—

i n  which would establish a reasonable upper limit on the radiation damp ing.
In this calcul a t i o n , thie initial tangent moduli were doubled. Ttuis is a

a o’fe” I increase in the’ recommended values which in the op ini on of the au thors

could have oecur rt- ai . The results , shown in Figure 2—9 , c o n f i r m  t h e  t rend

t w i r l! increasing radiation damp ing with increasing wave speeds In the’ soil.

It a ppa’ ar s that , as the impedan ce of the soil approaches that of the

concre’te , coup ling improves between deformational modes of tile structure and

t h e  soil. In the extreme case of a perfect impedance match between structure

and - h u m , the r a d i r a t  i on damp ing would be very laig h; in the oppos i t e  ex t r eme

c l a ’ . of ci s t r u c t u r a ’  in vacuuo , there’ would be no damp ing. In case 3 (2 X tan—

i a - I ’ m o d ’ a h I )  where  a -tue Impedance  r a t i o  of conc re t e  to backfill is about 1 to

I S , a - I a ’  d amping  Is  e s t i m a t e d  to be the equivalent of 12 to 21 percent a’ri tical

viscous  d a m p i n g ,  depend ing  on i n t e r p r e ta t i o n  of the  response of the crown.

In turde’ r to c o n f i r m  t h e  t rend  o b t a i n e d  f r o m  the  finm t e element calculations ,

hr. T. 1. Geers of Lockheed Palo Alto Research Laboratory was asked to compute

lanai- , t 1 a ll y the equivalent fraction of critical viscous damping for an infinite

cy lind er having roughly the same geometric and material properties as the arch
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antI wh i cli is enl,e~ddeT d in an ia -i f m i te ’  m e d i u m  h u a v i n g  roug hi l v  t h e  S t i l e  p rope rt it’s

as tful ’st,’ assumed fa ’r that’ backfill in the finite element calculations. In spite

s f  si gn it i ccant di f fe  re ’nce ’ s be tween  t ha e  zarch fund t h e cylinder , thae trends suab—

stantial l y ,acree . Rescalts of thue cylinder anal ysis are  sh own in A p p e n d i x  I I .

2. -~ .2. EFFECT OF FR I (“F I ON ON DAMP I Nh

The energy of vibration which is absorbed by f r i c tio n be tween t h e

so il and the surf caa e of the stru ictur i ’ was investi gated. An ideal computer

simcala tion of frieti u ’n wocald include tharee—dimens ional geometry, non—ref Ie’cting

b a u u n d a r i e ’ s  and t h a t -  capability for sli p at the soil—structure interface and a

Coulomb—type friction sli p criterion in which the direction and magnitude of

the friction fora - e’ depend on the relative velocity between the saui l and struc—

t u r e . A s tep  was t aken  t oward t h i s  ideal simulation by modif y i ng  the exi st ing

CENSAP mode’l to include frictional forces tangential to the interface and in

the dire a tion opposite’ to the absolute velocity of the structure . It is be-

l ieved that th is simulation is adequate for purposes of this stud y. The maxi—

maim frictional stress which can be app lied was assumed to be proportional to

the normal stress acting on the structure , which depends on the depth of each

nodal point below the surface. The relationship be tween the overburden and

fric tional stresses is shown In Figure 2—10. The frictional shear stress was

multiplied by the tributary area for each node and the resulting force was in-

cl uded in the discretized equation of motion as follows :

Mx + Kx = P - F

where

M , K global mass and stiffness matrices

x , x acceleration , displacement vectors , respectivel y

P = externally applied load (forcing function)

F fri ction force (applied only to soil—structure interface nodes)

An Initial attemp t was made ’ to compute F according to a simp le Coulomb—

friction law in which the maximum magnitude of friction force was applied when-

ever the ah~olute velocity of a node on the structure exceeded a threshold value .
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The d i r e ,  t ion of a-lie I a ’r c , ’ was assume’cI a l w a y s  a - c u  be opposite ’ a - au the ye l a a c  i ty

‘t tlue~ at raac’ t care. ‘I ii is at tempt was unsuccessful because t h e  system was t a a u

a a a u a g i v  n o n l  inea r  f a r  t h e  i n t eg r a t i o n  a l g o r i  t h a m  to h a n d l e  i t  c o r r e c t  l y .  The

re~-~ut l t , ’ depended on t h e time step used. Consequently a nonlinear viscous

f r i c t i o n  model , in whda - h the f r i ct iona l  f o r ce was as sumed to he pr opor t i onal

to v e l o c i ty , was cased.

The nonlinear vi scous friction model used was adapted from the work

of Den liartog (Ref. 2); a viscous single degree—cal—freedom model in which the

work per cycle done by the friction force is equivalent to a constant force

Coulomb model. In the viscous model , it is assumed that

F = Cx (2—1)

where  -

C = —
~~

-
~~

--- (2-2)
1TtA)X

0

and

f peak friction force

= frequency of the SDOF system

x peak displacement of the SDOF system

This model exaggerates the effects offri u ’t lon byassuming t h at due friction forces are

related to the absolute rathe r than to the relative velocity. It is believed

that , because the loading is from inside the structure , the absolute motion of

the structure is reasonably close to the relative motion. This would not neces—

sarily be the case for engulfment by a shock wave.

-‘ The implementation of this type of model in GENSAP required numerous

coding changes , and two check problems were devised to test the new model.

These are described in Appendix I I I .

An analysis of the covered arch was performed which was aimed at pro—

ducing an upper bound estimate for damping including the effects of friction

and rad ia t ion  damping. The friction parameter f in Equat I on 2—2 was calculated
for  each node as follows :
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= i A (2—3)
n

who re’

— l O u t  i u i . a i  stres s at e’cadil surface node due to overburden
n

A = tribut ary surface area associated with the ’ node

u’ a’e’ffjcien t of friction

The nodal friction fora -e is app lied tangentially to  a-lie a r ch  in t h u e  d i r e c t i o n

o p p o s i t e  to t u e tangential component of velocity. It is the large cumulative

area whi ch magnifies the friction force and which makes friction potentiall y a

si gnifican t effect. In the present example p = 0.4 was assumed on the basis

cal data presented in Ref. 3.

The wave speed s in the  soil  are based on two times the initial tan-

gent moduli (see Table 2—3); hence , radia t ion damp ing is maximum for the range

of parameters considered in this study. This is not a situation which maximizes

d i ssi pa tion due to f r i ct ion beca use large radia t ion damp ing red uces veloci ties

whuich  in tc irn  reduc ’e f r ic t i o n  f o r c e s .  However , t h e  t o t a l  damp ing is max imum ,

or nearl y so.

The results of the calculation are best interpreted wtaen compared

wi th the response without friction , wh ich is done in Figure 2—11 for the crown .

Friction reduces the amplitudes of oscillations at intermediate and late t imes ,

but  the  e f f e c t  is not d r a m a t i c .  Thae response of the  model al so  c o n t a i n s  t u i g tuer

frequency motions at intermediate and late times. This Is due to the assump-

tion that the friction force is proportional to the absolute velocity and has

the opposite direction . High frequency oscillations are even more characteristic

of Coulomb than of viscous damping (Ref. 2). Another aspect of the response

with friction is that the first downward motion is greater than in the case

without friction . The reason for this is apparently diseretization error in

space , t ime or both. The frictional forces are applied tangentially to the

true curve of the arch , which is only approximated at each node by the two inter-

secting flat plate elements. Thus, the lines of action of the internal resist-

ing forces are not exactly correct , and this error is compensated in the inertia

terms in order to achieve equilibrium. Also, at early times the friction forces

are the same order as the inertia forces , which means that nonlinearity is
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st rong. Thae Integration al gori thm is not capable of handling strongly non-

linear sys tems perfectl y ,  and some errors undoubtedly occur. For the main part

of t h e  calcul ation , the friction forces are smaller than a-tue inertia forces and

a - hue c o n d i t i o n s  t a r  accurate integration are more nearly met.

2 . 5 .  E~’AI,LAT I ON OF PERCENTAGE OF EQUIVALENT CRITICAL VISCOUS DAM PIN O FROM

CALCULATIONS

Eval uation of an equivalent fraction of critical viscous damp ing f r o m

a-lie results of free vibration computations is necessary to decide whether the

damp ing mechanisms c onsidered analytically can account for the suppression of

resonance in the pbuysical vibration teSts. It is difficult to arrive at a

clear and unambi guous fraction of critical damp ing because the response of the

lu’~~k\ involves several modes. It is therefore hard to apply the conventional

log decrement interpretation to the disp lacemen t—time history because it Is

diff li-ult to Identify successIve maxima in the same mode. It is also probable

that the fraction of critical damping varies from mode to mode , as is shown by

the results given in Appendix II. In the following, the log decrement appra uc ac la

is app li e d to successive maxima according to the expression

_ 2 n~~~~
+ 1

6~~~~~~~fl,,, (2 4)
X
n

where’

X , X • successive maximum amplitudes
n n + l

— fraction of critical viscous damping

— log decrement

Pairs of successive maxima are obtained from each calculation and Equation 2-4

is solved for n. To try to reduce bias in selecting maxima f o r  each case , two

pairs of maxima are chosen wherever possible. The pairs selected here are the

first and second and the second and third.

Displacement—time histories at the crown from the four cases considered

-‘ are shown in Figures 2—12a through 2—12d. In each case , the points chosen for
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s u cc e s si v e  m a x i m a  arc  i n d i c a t e d  by t l i c  n u m b e r s  1, 2 and , i n  m u ’s t  c l ase s , 3.

T a b l e  2 — 4  shows t h a t ’ f r l a c t i o n s  of c r i t i c a l  damp ing f o r  c - ad a case .  The t r e n d  is

in the  d i r e c t i o n  of g r eat e r  damping  f o r  stiffer soils; i t  is i nc r e ased f u r t h e r

by 4accounti - ’ug fair fr iction . However , no t a l l  damp ing values are ’ c o n s i s te n t

w i t h  t h i s  p a t t e r n ; i t  is necessary  t o  s e l e c t  t h e  va lues  marked  by an a s t e r i s k

ta a ob tain the trend described above . However , visual inspe ctiuun al the dis-

placement—time bu istories supports the interpretation that th e clases are  ranked

in Table 2—4 in order of decreasing damping.
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Figure 2—2 . Comparison of Calculated and Measured Mode Shapes and Natural
p Frequencies for  Uncovere d Arch—Sway Mode .j 
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si i a ’ i a I  Iv a ’ , u s I , - r I a ’ a - s t  j m a a t  i- t a , -  e l l a - c t  ia, ’ i’ a l u a i a j a i a i g  in  H a , -  c - a h c n l  a t  i a a l l l , , 1(5 ~5

ak - si r I h u t ’ , )  i f i  0. - a I ‘ ‘ r i  2 .  a

‘ I i , . ’  I - a I 1 a r a - a t  t I  a i n  - a a f a r  - a , a a I a t a a a,’ í a -  I d r a -  - a ‘, a a n , d  a I ~‘ v ; a 1 a l a  - - I a a r aI r ap I rr  a’

i ra H a ’ ’  a - ’ 5 ’ a - I . i a - H I S  w a ’ , a a r a t a , r t a , a i , r t i ’  S i a n , -  i t  a a a a - , a r i t  t h a t  H a t ’ r , ’  I~ , a a-, f l u ,  I I i  ( I r a ’ , !  a ’)

a a I h I I a , I r i l i L  ( I a i ; a f i t  i ’  I I i a/C l n ( h a  , a s a a r a - a h , u r a a l  ‘ - a l a - u i I I I  t a )  I r , u a - t  i a , ris a l  , - r r i . . - .r  I

i r a ~~. I I t - - a a - a l  , i t  aI r a a s  t ha , ’ - a r1 ’, aa a ii ((a it il I l l a  a t h i , - moN a I a a u ]  v i a  i s  a n d  ic t a - s  t l i i

- n a i l  15 p a - a  - a - r a t  c~ i t  i i  a l  a l i  a f aing -a l 1 p ~~~I ‘ H - a l- I r t ’ s a a n ; a I l a - t ’  arid S i nc e  a li ft Ui f l i t  Ill

; u a  a a , , a ; a l  ‘al t ar in t l a a ’  I l i i i t -  a -  l c a n a ’ a a t  ii I i ; a a i l  i l  i a n  a )  w a , a - ’ j . a - t a  I s  a I r , ’ Ia _ i - _ i ’d ,ar-a

2 ~a t I I )  )‘ a a l  a l a ,  ‘dia l i • a t  i s  a a a ;a - ; 16 1  n I u i  t t Ii - I air,). i i  a - T a t  - I I ‘ h i u ’ i i a  a a a a ,  l i a r  a u - — - ,  t a i l  i n

II an I n. - - - I i-a - r ra - , a a - a - a  a n a l  at ‘ a l  I a n  r ira I Is’ .‘a a h a  u I - it I a n .

.
1. 3. I a I l l i . I < l Ni 81,lN’aaNShS (r I ‘a l- lUl l .550 KI- . ( ‘1451 1 1  ‘a R  S l R l C I ’ I ’  R I O

I at’ bra r i a’,) l a  u - a  .arag u I - a st t a t  i t  a - II) (I /hr -- “ h r I a i r  I v t -  x l r  i 6 a t e a l

r e a - ;r a n a r r a - a -  i n  t h a t ’  a ’ . p ( ’ r i a ’ J a ’ r u t ai , a .  sha,nwn Ir a I i a t a a a  a I— -S . Ia , - hu r ara l ’d ra - a t , a l i )’ta laI r

- I I a j a  t ire Ill (1,/hr I I ) )  1, - a , :, 1 ’ 1 i’;a r lv e Xli II , i t  a ’ ,I ( a l ’ ’ ’ I l , i l ( , t ’  i l l  I h a a  , - .— .~ aa ’r I ai a , ’ a ~ I 5
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a - . - - a s ia  a l I i a ’ i a a  c —a- , f a a i t  ~FS a ‘ 1 1 5  a a l a r , ’, H r - a t  I ~~ r , -  s-a s ~ a a F  r ,- -aa a n ,a ra r - a

h i  ‘ i d , L aw I rt a a u i a ’ r r a a,’ r .araoe , H t h  . 1 . In , - a al l rao. I • t h a n ’ ; a i -  lu  S t  r a T  a l a -  i s  , ‘ a a r i —

11- i - n _ u t  I at  I: , a ‘‘i a,’ x l i  I I a  i t  a - .I ri ’ I ‘ - a a aa . a ra t’ . -‘a 11111 an r I i a  t - a r a - ‘t i  I r I l a n  t l i l y  I - - - h s i l l ,  -

& i . a r a l a i l a a ’ t a r  t l a t ’  a r t l a  ( l a i n  I i t l a . - v a - a t  a n a ; a i h a r  s t _ r a i , - h a i r ’  ‘a i s  d it t f i t  j a r  l.a i l l

‘ t i a l  i t  i ’ a us  . I a n  a i . ) i  i—a t ru I rr ,’ a d a . , j l ; a a  a - a l  i n  r r , i t  I ‘- ‘ a ’ h , ; a a  k I I 1 1 ~,ali a - I a a,,a , , , -, a - a a t a ; —

p a  l a -a l a l v i i , i ~i i i a - u I 1 v i l l  ~t : a y a - s .  ‘I ’ la , - r a - s a r l t  in n “ H i t . i,’ r l ; i I Iua ad a aat r, ’Ss—sI i ,Haa ca i rv1 ’

iNa j a h i  W,~~
, i a i i t i , u h h a , ’  a , ’ I ) a I i V i ’  L a  a l a n  s t r a u i n  a X i s  a n a l  ~ a h u j c l r  r’~ - u r a - - , aiI t , au- f - i

l a I g a a  is: 1 ’ s - i a ,  l u ’ a ,- i t v .  IL .- a , i I c~ i I ~~ t i r is  l a s a r i b - . ai ,iha a vi’ b a , i v a -  a - I , ’ - i r’Iv di a ll -

ot r a t ‘1 t I . a ’ I l a i ~ Si t la lal I ‘an Ia - - I a I ’ , to oh i -- I a - , ’ c a a a i l a  1 i r i g l a - I  i - a - a - i a  oF  r h .  a aar a- anal t hi a’

) a , , , k I  i l l  a l a , !  - a - , r r a a u i t a , I 1 l 0 ’  : - a a a i  I ; a r n h  t a ~ l a  l . o  l v e l v  l u i g h u  r - a a h i - a t  i o n  a I . u ’ a a j a f t  -
‘

r a - 1- t - a b l ) ; u a  I - a r  I r a a a  l I a r . - ’ , w cr . - a ’ x c , , a .’ ,- a t t ’ ah  :u I  t a r  t I r e  ian ~~, ~~5 1.5_ a at , -an d new ‘amid

I a ia l I i l l  s’- a ’ ~ r ;r i i t a - a I  L I l a ’  h i I , i a  a - ’ ‘H a , ’  I~r a i I a a ’ r  i n - a  a : )  I d a ,  san,) back ) I I I  s -i , - a t

a ’ , a s a r a - a I  h i n d  I v , ‘ e a t  a la , ’. i r a -  a a a i r - - , i r I , ’ r a ’d  l iv  5110 1,’ lit’ a l a a a , t  L a ’ a - i l : , ’ i s  C a i a i k ’ s

ti. i ’ ,’ a a a l  s and . l I a l s , h a l  Iiaiaa - a i- i t  r i - - a s —  - t r : a i n  a - , a i ’ ,- a -  w h n i c b r  i s  a , a h a ’ r a ’ : :  t a t  t l a a -  St r a i n

‘a i i ’. aria ! ha - - • H a-, i i  I , - - a r  I ‘, , , , r a ’  I - a t  I - _ a ’ I a,- I ow so isa :: 1 a w v ’ ’ vu - l a a a .’ i t  a,’. l’lre in I - i :- , I - a I

I F ’  so—s t r a i l )  c ar ‘ ‘ c l a a I ( a ’  a l s  l a v a - i  s a u n a !  i s  - , l a a a s ’ i a i n  l ’ i g r i r a  2 — I a a l - n a ’ s j r h a  a : ,

i : u i t l a !  t - i I a y a - r a t  a a a a ’ a l i r l a i ’ - ( a a i , - . a ’ a , r r a - , f  ) an d  ,! X r -  ‘ i : a l  a - u I I a ’ a ’ n t  r a a a a d n l n u a-a ) , a r  t I r e  - a t c l a

I a ; a a k I  i i  I .  ‘ I l a u ’  m u t I — i l  r ,,rr ’an at ‘ a , a d a a l u a s  l a i r  ( S a i a k ’ a-, b t , a v a a u r  s inai is ,a I , aarn t tlue s .a :- ,,

I a ,  si- a a l a l  n a - u , h a a l n ’ - a -a ,- ,) i n  ‘ i -  a- - I - ar t h i n  - a r c h , I , u l i l a  ‘— a , s h i t la  a r a a l a a ,

a - , r a , a l l  ‘,a , u l a a a  ‘ , ‘ f  r a a d i — a t  i n n  a i n g .  I t is  - a l - a , ’  1 u , a ’ a s j h , I , ’  t j i , a t h l a a ’ p r ’  ,- , l uar c

r a i n i n g ‘ i a  R I  i l l  a a l - ’ a a g - -- i a h t ’  - a stra , - l a a t a  w h I r  t a c t  i a - a l  w a l l s , - -, a u c h a  as the ia tar)—

gaa I a I St  a a u nt rai a - i - i , : a a ’ ,’ Ii, -t pr a ’ f a i a  ,- o t  r - -i a ~-~’ a a lp ! 111)1 6, 1w, ’ , n h i c k )  i I I - i n , )  -a t I a a -  I aa Ia,’

d a r d n g vilii at i i i  t a ’ : ; t  iia ~~.

T a n  ‘-. ‘ u n i n a , a r  i ‘c H a ,- a l i t )  i r a - m I ) a , a , - k I  i l l  c a ’ a a a I  i t  i r i s  • 
I f : , - i a , - l a  was well

a~~a u a i i I a - a I t a  a a - a - I  1 i ’H,- ft h m i ~~I i  w i t — a- i ’a i r ea ’d I , , i a -k t i l l  w l r e r , ’ , a a a  ( I a . ’ r u -  t a i a g a a l ; i r  I r u t ’—

wet,- a - a I a I u l , ( a - n a l  i r u  I a’ s a y  a ’ f a a ’ I h , a a ’ k I  I l l .  ( ‘ha, ’ n .-t r a ’ ’ . a m l t  wi ’’ t h a t  r a i d i - a —

lai n ah auiip i ra y wa- , a - a - I  t ,~ in lv In 1 ’ h a a ’ r  I r a  t h a a -  - a r  a - I a  t l n . a t a  I r a  t 6.- r a ’ a I  a an g i i  I a r ’ St r u n ,  t u i a

.-a n . t  p o s a - a i h a l y  it w o a  m t aa - hr l a i g l n e r .

— ‘ a ,’ —
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I I’la’ai ’ I’ I a ‘,S a l l  CR I I  I 1 1 , 1 ,  I a ,’,l l I ’  I N a , S t  I h I l l )  F- Ia  h I l l - .

a .\Sa 0 b- I f N I \ b . a .’, I’, : ~~, , \ t i a  I i  ( ‘ S I  50 1 ( 1 1 4 ( ( a  1’ , 3 — 1

t,aa Va,r , - I  I 1 1 , - ala,- , m a ’ , )
p ri l ’ l a , a ,, ( )u t  at PIa; a ,a,’ In ! ‘Ii a a : .a - - a~~t ‘f I ’ ) , — . ’

111 5 . 1 .81  jao .

22 2 2 .2  ‘. . 2  . 55  1 . 1

L - 
- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- ~~~~~~~~~~~~~~~~ ~~~~~~~~~ 

_ _ _



p

S I )  I ’ 11)5 ‘a

S I N a I_I- :  I ) l , a l R l , h  — O F — l O l l  l i a u h  I ’ ” f I , \ h - ( l  ( ( : 0  ‘h O N  ( a l R (  I l l  V I  hl’I a’a I  h a  ( i l ’ I l 1 ~
’a~I~S

h a n  a,’ , a I , a t ’  ‘f t a a r c , - , l  v i b r ; a t  i a n r m  l a s t s  Ir a a l a - a ,’ n l a a p m n u p I a a r . a a - c t  a - I s  ! a a r

l a i g I a l ’ a ’  s i a ’ i a l i h ’ i a  d s t r r n c t r a r . a I  n a a a a a l , l s , s r a c l u  as  S l i t ) )  a ’ s c i l l . a t a a r s , a fa p a I S  l i l t - f

in I ig fa t a l l  ,“.~a a - r i : a t - n t u l  : a ru , h  - a n ; a I  a , I  i i ’ f i nd i r l g ’ -a . I I a n  n t e st s  ire i r ’ -i a , a h a l- : a

g a ’ a a a !  s a t ’  t , a  a ah t a a j r a  d n t , i  ar )  f r a - a j a s ’ n c  I t in tInt’ a ’ 1 a ’~t I a  r & - g i : ’ : a -  S a a  I a - c a ~ las If,’-

I r , - a ; n . - i r ~ - i ~~- a-, s l a , ’w up (a in i I k e  t h e  - a r ’ , - I a  , a a - _ , - )  at t ic )  s I ’ - a i ~ ’. a —:  ( I r a , ’  b a a  S h i l l  - ‘ I  Han-

l : . ’ , I n I  is H u n f at - a l sii::lI , a r la, ’ I , ’ t l a a t  a a f  the i r a t a a t a , - a e .  ‘ I l n a , ’ i a ’ ’ — .s i h i l  i t t ’  a~~I I n  - ‘ l a a - a l

p . a r t  H i - a t  i t nn  ‘‘I  s a i l  I I a , i o i - , o n , ’  ( a ’  I a a a a s a  h a n , - k t  i l l  l a n a - - I  h e - n j z , a l  - - ‘ t I n  f a a i

— t h a !  I :~ rL;t’t air ‘ r a t  ‘ ‘H’ a t -  I I~ ruct nares. I al a  I a - 2—2 ‘ N a , ’s . I I - a t  t f a a  - I r a - a ; a ; .  f ir  i

c. -~, a ’ r i - a I  l a n a ) l i t ) ,  , a v , ’r e c h  a-- a run - t u r t- -~ ,li l t , - r  i-l i 5 l T l ) I I a ’ a h l l It’ ; t l a , - :-,, r~’ ’ n a - a - h a l

1 , - a t  ,und upper )aa a ui n,Is , ra - :-,;at’ct jv~~1a,’ , ‘a n t I n e  id ( t e l  a t  s n a i l  r a - a s ’~ ‘ a r t

j , a r m .  I I , , - a a a a , i l v ’ ; t  w i a a ’  i~~t a ’ i a - b s t a ’  u i-a c t a a r a e d  v il ,r ;a t j. a l u i t - s t  d ; a t , a  r ’ a a  - t  , - i t i a , r

k i a a a w  w lan r a ’ t l a i ’  h a - i a - k )  i l l  , ‘n i n a l j t i a a n i - ;  of h i s  t a a r g a , - t s t r u c t a l r , -  p h - a a ~u - i t ira I f , ,

f i n  - a , a a u - i l ,  ~ 1 I a l l  ( l a - ’ - l t a ’  st a  in  I ., h I a , ’  2 — 2  , - a r lan nt u .s t he a a l i v e , !  I ‘a a -a -a a n : : a t  - : a ; a ’ , a ,  r

, a n d  l i a r  h . a a a l h d 5  ) a ~ r t h a t ’  fr ,-n !lia’na ’v a t  h i s  riran al& ’ I ; a m n c l  c a a r a , l n m i - t  - a t  l i — I  t i -  t a - a l —

V , a -  i-. i n  a a a k -  r t ni  (‘a ‘ a  i n N  t la ., r~- :-a pon:ai’

l l a a I t t  al - at. , ;ana ) - u a a l ’ ,- ’ , i s  a l ’ a , a  a - , l a a a ~ ’ tha t that’ a - a u n t r ’ i h u i t  l a t i n  - - I a’ a a l I , a

i n  nn - a l b  a ’ ( , a t , -a l a i l aanp i rug, a le - pa - t r a l  S I gra a I H - n ,  t 1 a,- ‘II I r a  iS- . n a - a ‘ - ; a a , - a I -a I rr a a. ‘-i a ‘ i I

l i a r ,  i a ’ , u i n  a h i a  h a a , k f j l l  s t i ) I l l a ’ ’ --’a in t I a a ’  t a - - I l a n a - a t  l a c -  I l k , ’ h a - i t  i n )  h i , ,  ; a i ’ (aa’ —

t : j - ’ ’  t a  ‘ a -  a l n r a ’  a l r ; a t  t l a i a a  n f l a ’ c t  i: a r a a j a a ’ r l v  ia - a , a a a a a t a  d f a ’ r .  S i r a -  a t a a r c a - a l  a - a l u m —

1 -  ru  t a ’ - - t i-a ~‘ a ’ i a a  r i t a’ , t  r u -a-n.,- a-, n a aacl r 1 aa w( ’  r t lu ;an S n - u ;  a a~~5 a - t t a c’t ‘a la, a , !  a l a ; ’ , I at a l t , .  - —

I Vt’ S i c , - a - , j a . -  a - a )  j~~ t h a ’  - t a - a - ; t a I a -  n. i t  h . r ha i ~‘, h a a ’  r a - r ha’ s ,’ r t ha , ara i ra a i - a  I’ ra ‘t ‘ a t \ -  b~~ ’

a ),’ a,-nr a l i n l ’  t’n w h n& ’t! aa ’ r t h a t -  n n n i , a x i : a l - ‘t rt -aa - a — -. t r ’ air ) ,‘narvn - is - a t i l  t a _ - lu n g ‘‘r ‘-, a a l l a l L

i n g  in  Hit’ ran 1’,’ I l i l t e t a - a t

A n t I tier po i rut r t ’ l , a r  ~cI to a l l )  I n ’ r o n t  ‘ - t  r ‘ so I ~- ‘,a ,- li - a in t’ i b r a t  I o t a  t ,‘st - ‘

aa na l wt ’aupons a - I t , ’,  t o a a ; a d i r , y  ft I h i a -  e l  I . ’ , - t  a l l , a , - ’- a r a - r ’ n - ’ , r ’ a  in o a u i  I - t r ’ , - ’ —. ’ a — i - a t  v _ a i r )

r a ’ i ;~ i a ’n s .  ‘l b r n n l e  a l  l u \ a _. ,t , r t a - , ) s  in a ) , ar l :l a ing . I n i ’  t n a t , , !  v m l n r , - i t  n a a i l a ,  i T - , a l t

- - a ’ a i t  r n n k r a a n w n  and i - a l a i a a a l d  be i r a a , ’ a ’ ’ . t  I~’- a tenI . I )  I a a , ’ a -d n r a ’ : - , m u ,  w e ’r e  o i g ta a t  a a n t  , it

wa u ail d he ; a n a n t h a e r  (It ’ ) i a ’ I & ’ r n a ’, ’ of t h e I , n r a  a d  v l h t  a t  i a - r n  t u - - a H~.

-5.-
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O n ,  s- ac i n  s ’ I a j , ’ I a  t a  - t s  lik e ’ I_ l a , ’ ,, ‘ ‘‘i i  t i r e  I r a - I a  n m ) , !  ha , :’: ‘ a t  r u l a  I n j i a  ‘a

- ‘ ‘ ‘ I i  a t )ac a’ : , , I a  - r i - a r  . a, n I n i b  I ’ - I -a t a n a - - I n , - .: I n - a l a ’  t i l n a i ’ - l i i ’ , a v I  I v t I m l  i ‘-a n l n n l l a  -

- a a r r ,  : 1  l v  ‘ta t r , i t a ’ . i . - : a t  • l m t - t ’ ’ .’ a l ’  r a t i - r u  a , - h u a n v i a a r .  d a i s  wa ’ a a l - l  p i c a,’ r u n t  bn , ’ r ,

- a  - i ) a , a  1’ c l , ’ , i i ’  n , p i c a  - a m a -  a - I i : ~ ’

_ _ _ _ _ _ _ _ _ _ _  —~~~~
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51:1 :1  l a I N  S

Sl ’b’thla ’aRY a\NI ) C O S C l , t’S f a 15 5

A I i m i l t a ’ , - I a - i i a ’ r a t  ,s i a : n n l , n t I , a n  - ‘ I  t h a t  h a u r r o d  v i h r ~a t  i u u r a  t , - s t s  ‘an t b , -

h n n r  i a  cI ,arc}u ‘at r, mu ’t , a r a- ; a t  l S S ) - X — \ ’  was c h c ’ v c ’ l n p a ’d .  ‘l ’In a,’ mn ’id,’l a ’ )  t I n e ’  s t r a i t a i r ’ -

our n a ,a nn a li- d Ia - ,- a t l td t n  a a i a a ’ , m r a t  o h  a - a a i  I s’;aa- . a p a a I  i t  led b y  c , i I , -u l . a t  i r l g  n a - a t l i r . m l

I a 5 I n t - f l a ’ i i i - .  a m ) ,)  ‘ansI , -  sh ape s  ,nm id  , f a a r  t I n , ’  nnn , ’ o v i ’n a , sh  s t r u c h n i n t ’  , a - a a r a a p a a r  lu g t )aa ’lla

s i  th “ai ’ , a s n a r , ’ r a , ’ n t  s . h-laa a l , u  I ,a rr aa It’s is of I I a. , ’  sa t  i I—st m c  L u r e  svs  t a ~na s h a a a w t - u J  t h u - i t

aIr i t - a ’  p a l  a t  ma , t  l a m -a i n a ’ t a - ; a : , t ’ d  d r ; a m n a - a t  ia - a l  I t - in har t ha  a , ’ a a v e - m ’e d  aand r i n n ’a a v e r c d  c ;u sa, ’:a

~~I a a ’ t a  the - f ra-a ~ta c’nc’’~’ ‘ I  t I re , ’ osa ’ i I 1 ; n t  lug I ‘ra t’ ait t Ira,’ , ‘r , a wn ; n p p r a ’ a ~~-h i e d  au n a t u r a l

f r a - a i a n a - h I ’ - .’ a ’) H a t ’  sy s t e m .  ( ‘h a , ) , a  I ;a r i a l a - ’ s  is i t  t h e  , ‘,a vc ri ’al — ,t r c a c t u m r , -  S-ms rt ’ a i ’ : u t i ’a )

n u ’ ; i n g  d i f r  a - m n - i l l  , i s a , n a a a t ’ d  f r a a a ’t  I a a h aa - a  ‘ b  ‘r i  I i , -; u I  a , ’ i s , ’ a a , n s d a m pi n g .  ‘ l I n e  n~’’--,nn~a rm t

- a - I a , , ’ .- a r  a t  t h a i ’  St  rm .a , ’ t n i n a , -  w . i s  a—upp t ’ i’ s— ;a,- al wh en aab tle at 25  ‘era c ut  a - n t  l a - a l  (laihaja—

r ig i r a  i l l  : l a - a , ) , - : .  w,ns - as - unaed

R a d i a l  h a n  a la a i in p i n g ,  f r i a ’ t i o n , l ny s t e,’ t i s i s  i n  tI,, s n r r r a i u a m u d i r ’n g n s s h iu m

aand -,t r ,;‘ - t ,aral d a m p i n g  wa_ n .’ i a h a _ ’ r m t I f i nd ;as p o s s ib l e  niia ,- t - l n a m i i s t i n s  t a r  a h s a a r h i a a at

( a , -  em a a ’ mgv un f vii) i - it j unta in t ha.,- p lea - a - ;  i I ’ l l  1 t a _ - S t  . I’ ,’ t - t ’ .a  l , m ; a t a ,’ t lu .  , ‘ , a r u t r ibr.u t i a a r n l - a

- a t  r , a d i ; a t i i a n  a b m i ’ ; a i r a y ,  ;anch f r i a ’ t i ’ ma , t n a - u n s i c ’t a t  , I i a _ a ’  v i h r , m t  j , a r ’a ‘f h a t ’  b a a t ’ i a ’ d

st r a n a - t e a rt ,’ w a s  s i l ’ a , a l , a t a ’ d  u s i n g  ~m d i m a ’ a ’t i m a t a - I b r a t  H u r a  a I p p r a a ; a a ’) a .  S a n t a )  1,’a - t imu 5l

h ai u n d , a r ’,’ a a a r r a l I t  h a n s wa r- a,- r a sc a l  a nn  t Ine ’  aa , n b s n m r f , i a t ’ b a a u n d . a r  i t ’ ’  ‘ h  t he ’- ; , ’  i i  i s l ; a t a d

t a n  o i r r r u l - n t a -  , a  , , - a a , j — j ~~~f l i l t ’  i - a a n I  I d c a m a u i n .  I t  w ;a s f , a , i n i a h  t l u ; a t  t h u . , ’  a n i n o u n r u t  i a t

r , a - ( 1 , a t  i a n n  d aIt a ; ln g  ca r l a- s i gr d  I i a ’ ; a m n t  I v , d a ’ I u t ’ r m d i n g  a a i a  t I m e  w , a v t ’  S l a n t - a l a - a  a n s i - n  a’ :, - d

i n  t h n , ’  l . - n a ’ k f  I l l  m ad s a i r r o r m n d i n g  m , a . , ’dj , a .  I n  o r d e r  1 , 1  i ’st ;a h l  l o I n  a r’a,’a n ’ a a a r a , a l a  I t ’

uppe r bo nand  on r : m , ) i a t  ~fifl c l amp in g , i t  w :as , i s~~tn ri a cal  t h a t  t h e  i n l i t  h a i l t - a a p ’ , n ’n t

r a a i n e d  m t a a b , a l a n a - , of  t h a t ’  I a , u , ’k f  i l l  w a s  t w a ’  t i m e s  t h a t -  v a l u e  r , ’i,’ a n mt tnt ’nd t. ’d hut’

WE S on t h e e  b a s i s  , n I  I ; a b a n r ; a t a n r a , ’  t e , t s .  ‘ t h i s  p r o d u c ed d ;amp i ng  due t o  r . m a h i ;u t ion

t ’ f f a - a ’ t : ;  o ’ - a ) i a a u t 21 p t ’ m a ’ e nt  oh c - n t i n - a a l ; a ’ v , a I e , a a a t i o i i  ‘ a t  t t a e  p e r n - e ’ n t : a g a ’  i s  ‘anIt a , ’—

w l n a t  sub j t ’ a ’t  iv. . A f r i  a t I a a ra  mi aa ,de I was dcvi,’ 1 opod wla i n  h a  a a d d e d  a ; b a ’ a a t  -
‘ pn m e n

to t I me  rad I a a t  l a i n  d a t i a p i m l g ,  l e a d i n g  I a ’  a tut u a d  a h a i n a t  ‘h p cr a - i ’ n t  a n t  c r i t i c a l 1 ,

T h e  m a n d e l  ua ,e’a ) in  tb .  a -; a l i - t a l , a t  Ions  p r o b a b l y  a u v e r e s t  t m l u t ( ’ s  t h u . ’ d ; a r a r p i n g  clue t a ’

I r i d  [( in , ‘ f f a ’ a - t s  I u e ’ a - a i n a -a a ’  s ig n s  ;antl r r a a g t a i t u a d e s  a t  I n a t  Hun I a v a i l - a  a l a ’ ,’ F n , a ’ a a ’ aI on

ahs ta  1 ta t  a,’ r a t  t a t ’  r t ha -  a ; ,  r u I ;a ( l v i ’  ve lor  I t  l o s .  Hys Ii’ ri’s is un the sua I I was not

—n t ,-

~~~~~~~~ ~~~~~~~~‘~~~~~~— 
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,, a ti :,jm.la- r ’ , ’ a I  - ; a a a n t  i t : u t  i ’ ,- , - l ’ , ’ , b r a t  i t  i: -a 1 , - I  l a v a ’ - ) a , a l a , a l a l a ’  a t  - ‘I l l r i b n n t  i ng  l a a - , s H a , a l a

3 ‘ S ;‘ a - t ’ a ’r t t  . St i a l a  I m u  daa iii p i a a g  was  11, 1 e n a m a s i d c ’ r t ’ d ,

- .\n - a t t e m p t  s- . ,o’ a ’ . , -  I t a n  , ‘ a , ’ - n l u a t a , ’  damp i n g  I m a -- t h a t ’ p l m a ,n a i a  a l  l a s t  . l ’ b u i s

1 , - f  - - l a r g e - v  v; a l , a i -a - a  a a I  d ;aa nu p i i a g t i a , m i a  . n ; a p a ’ a a n  m a , ’ a s a a n a a h l i ’  a , i ! s i ’ ;  ‘ a l l ’ , t l , - r a - I  n u n - — a , ’  —

a a ,’s’- , t a

[t n l  i l-ti ’ the a - a s , ’ a t H a , -  a r a ’ l a , I - n r a - i - a l  v i b r a t i o n  a t )  r , ’a t a i u g a a l , a r  S t r a m a - t a i r a, ’s

- r - ’ , l a ; - - t - ,) r a _ - s a ’ i a , a l a , - ,’ . ‘l ids  i s  p a m - t h y  a_ ’xp l a a in c ’d  b y t h e  h ; a a ’ k t  i l l  a - m a u l i a a l - a , S ’ b u i c ’h

a , I i t  i ’r e a )  s i g m a i f i c a n t  I t ’  b e t w e e n  t h e ’  t s ’ a a  t \‘ a n. ’’- . a a t  a t  n a t  t u r n - a . ‘l ’ln e i r e l u  l a , a a h  .a a ’ a ’ aii —

- a -  t , ’ l  l a , - k i d I I  ‘‘1 nat ly e  a - a o l  1 w l a a a ’ .i ’ rrn i ; a x i ; a I  ‘a t  r ’ a - a a s — s t  r u i n  cu rve ’ wans i n i t i a l l y

,‘ -~a a - . a a , ’ , -  t o  H a , ’  St r a i n  ; u - ’: ls .  In ,‘ a a r r t r . r s t  , H a . ’  m a _ a l  n ng e , a I ;ar  — a t r , n a - t , m r ’ ’ -s l aaad  ‘-sand

- f i l l  w ) i j a - l i  w a - a  p l a ’ua ’e’d by r - . i i n i r a g .  The a i h l i ; a : ’ : i - a l  - I _ r t - s a - . — s a  r a i n  a - n a r v e  f , n r

a t h a t ’ -s a n , )  s’aas  in it h i l l  - - - c a a n v e x  t a  t I r e ’  St maa in ‘a :- :i ’- , wI n I d a  leads I a ’  l o w e r  a - _ i ’ I ‘ala; I a

‘ - . i a ’ e’ ; ’a ’e ’  Is H a m  t a r  t h r e  r a I n . ‘li nt ’  p u t  i i aa . - t m i , - a - - u t ’ l a - a -  of a ’ a m l a - r n l a t  l a ’ a a a ,  ‘ a n  I i ; , ’

m b a  ~a : , ’w’— . t a ! , a t  i t s  r a I l - a t  h a n  d ; n a n ; a i n g  is g re - i ta - r t l u a n n  t a r  t h a t :  r i - - - t a a n i g u i l ;ar - a t  r u c —

t a i r . ’ - ,a li , : a a ’ u l d  I a , - aho,m t twa t l a ’ , - : ,  g n ’ , ’ a r  a r .  ‘I ’ h ae n a - a - - s i l t  a a f  t h e  d i l l  a ’ r e a u t  t a a a , - k —

t i l l  a -o n d i a  - ‘n -  i - a  t h a t  t h a t -  m ’ _ - , - t  , l a g a a l : a n  - . t r a a t a i n ’ t- ’ ;  w,’ r ’ a,- c l u i ,,’r l . a  I n  v i  alma-

‘- ‘‘mad it I ‘ i a - a  t i - i a n  w a - ,  t l a a ,i arm -l u ,

I t  i s  u ’un , ’ lud . ’d  t h a t  a ’ b  t e a t ly e  d a m p i n g  can he i n c m , . r s a - a I  1 r aT: 10 t a t

12 ‘ ‘ m a c t a t a n  i t  i a - n I  t a a  2)) t a a  25  p a _ ’ m a - c ’ n t  a r - i t  I a ’ , a I  i a , )  n . a ’ a s i b l a , ’  h n i g l m e r  tv  m a - r i - l a s —

[ng that’ w;avc’ 1a e, ’d i n  t h e back l i l l  c ad  s a , r r , a n t r a d i n g  - a a a i l  b a y  a I a t a r  t b  t h r e e ’  t a

t o u r .  ( ( i a - a p i n g  a l n n a -  h a )  I n e t  la u ra  i s  a t  a l n o s t  a a r u a - - — f i t  t ln t h ,, a t a l i t , - I a ’ m a,! a i r  i n n  i t  I c c l i - .

i n  h lan p r .’a - _ a ’l a l  - , t  a , ) ’ , ’ . I ru a - , n ’ , - s  w l n e r ’ a ’ t l a e  ;a , - t i a , ’.’ t ’ ; a r t l n  p r ’ s : _ a i r a ’ dat ’ ’ t a n  , a a ,’,’r h a a m d e ’n

i s  h u ’ : - , ( lae i n a f l a m a - i n a .’ of f r i , ’ t j a a n  i s  lj k u , ’l ’,’ t a  he 1, - a - s . I t  i - ‘ m a c I r m a ) , ’ , )  t l a r t l u e n

t :- a - m t  - a I ;a n ,’ - pa m l  a , b I t a t ’ c l i i i  t a - r ena -c ) a ,  I ween t Ire ’ m a  ‘ s h i , a r a ’ a a’s o t  t h a , - a n a  I a a n n , )  I _ l a , ’

r i  I . a l , t a , n [a a r t r a m - a  it’ ’’ is cln m e t o  t h a i ’  d i l  f t ’ r e u t  Ira-ma _’ k t  i l l  a ’ a , a I  c v i  Is and - ‘ a n - I  ) , , a d a - a

I 

‘ ‘I  P h  ; i a ’ a,’ a : a a ’ i i t
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S ‘(‘‘I’ I a’.

R I a a i~’l~~ N a . ’, h a i l S

I t ; .  t i  i - s i in a ‘ - ‘‘at ’ n - n r a )  .a I m a n  r ’ - , a n a ’ e l i  t’ a - I .  ah ~ i i I en m ,a I i’ ‘ - ‘ I I , ’ . - I i a  , —

t o t ’ - , I ’ - - h a l a , :  m m ~ a I  a l a - V t  I a ’ ; ’ ” a at ‘ - I  ‘ a i i a ,~ I , , I ’ , ’ r . ’n - ’ a t r a ’ n , ! ’ ’ ’. ’ - i ’  Is n b  ,‘ a ’ a - i a l n, ’i.

- t r a m ,  l a i n  a - - a .

a \ n L i  i ” ’a i 5 ~~— I  i n  n a a a ) , ’ I  - ‘ I  I H a ’  an - a W~~ l - ‘ i i  c l i -  ii am ) hr ig ) i~~~~- , a t ’ c

- ‘ ‘ n - a ’ I a - a - k i l l  ( c . :  t ’ I , L u h i .  ,‘ — . )  s ( m a a a a i d  h a -  u - a i d h a .  -, aa’ ,a ni at e - a la m I h a n  - - t  I f , . -

n~~- , ,ae n , -t ’ - ; — , . : -  i n  s ’ I a j , ’ h a  ( t a n . n ’ — . I — ’ r n -  a d a ’ s l i t , -  a a a i m a ) i i  i a a n a ’ ~ - m a .  l a n a I , , )  i t  a

a,’! - . ., 1 V ’ab ’ i a  ‘ a t  N - b u L l ,  a - s .  i ) , i o ’ a,’ - - n i l d  e l - a r m  Iv w b u n t ) m t ’ r  r c s , n l l , n a ’n is , a ~ -~ a , a r —

,‘mul w i m a - ma a a,!, at ion .in I t r i  a l a ’ l u  a - I t ,  - I s  i t t ’ i a - p h i a _ - i t  I ’ . i n u ’ I u d e - ,I i r a  I Sn : - - - I - I

t : - .- r  t l a , m n  b a a - H r 1 .  [ a  a : ’ 5 ’ a - ’ I m o  a n  a a l , a d a n l  d ar t - p i n0 ’ . l ’ : a - i v a, ’ l a i u n , ’:, ‘-- . I a - - u n l d  i - a ’  H a , - a - a , a a : i —

‘:, .alir ha i t a - a l a n  - a r ’ - a -a a ‘ i i  - m l ,  I y , m  - - ‘-, a i a ,  ‘ a )

a i m a g — — h ’ r m t a m r a -  I t ’  as a - a ,  I - a r , ’, a a a a a - ! c I  ‘ ; t m a m a ’ t u a r a - s  s h i , - i i l . !  1 ,  p e r —

1~~) i a - I S I I ha I b a a ’ s a a t h i , ’ r ‘ a a i 1 ’ f a  :u ,  a - - s  , i ru , I - a,! I ni a ’ i I t . ‘ - t n r ig i r a  a i c ’  h a u a ‘ i I I ‘a nal

t i t a n ’  a t  i - m a - . a t  i h a t a n a - a t  1 , - ti - I s a t  :‘ i , u ’ - , i l r a n m ~i , I , a r a a , , n : ’ 5,-r e’ I_ l a, I n t  . ‘. \  I. ‘,ts .

‘ I I , , ’  i ’ a ’ s a - . i l a m l i t v  a ’ ! - u ’ ; m s a m r a n g  r a  1 , 1  i v t ’  l f t1~~) . ~ n a ’ a ’ a m t i - . , at tI le :, , a il— s t r ii I a a a , -

an t. r i m , ,’ I a l a ,’ . :, I i a a l  I , -  t h a t ’  - a t  t a -  l a u r a -  ‘ ; l a r ’ I i a , - , -, I aa ’ ,i ld I a ,- i n v i - ’ - t  i a ’ , i t , ’ d ;  t r i o

- ‘ a  I - I I rid i a r t  51 ;
’~ I I a .  - r I r m a ’ t a ‘mi ‘ a l a - a m  I ah I,, - i i , , ’ I a - f ,  al i n  t I m e - c aa I a rm I a t  1. - i n -a . h r

- i~ 
- - ‘a  - am a, t In a a macucla a lit ~ - r maria i ‘ na mn I a ’~

1 a t  a , ’  , a I - ‘ a ’ a I a  I i n - a  I I n ‘‘ a’ sm;a I I a - r -a ’ - - a I a a , ‘ - I ’  - I

I , ’  .ls; _ a i - a - n j  n - a ’  I ‘ a n a l  1 , 1  c m  f a r  a t  i - H I  t , - , t :— a u - I  5) , , ’ ,  I-, I , m , !  r a p  I a t  s ra t Ia,, -

~1 a I I ‘ a  , (  ‘ a- r u n ’  m , a t  ‘ ‘ r wa a i m 1.1 - I - ‘  s wI;, t bat’ a’ I hr ,  h a - m a  n ’  I v i h a  - a t  a - a l a  t a - ’  - to I n it I - i~~!.

t h a t ’  ‘- - a a ’ , a t I - a n i u t n i a ’ p ) m e n l a ” - t ’ l a , m  I h a t , a t  
~‘ P t a ’ ’ a  r a t  i r a  s i a , a r ’ l - , n a ’ - p a - ., - , 1 1 , 1 . 1 !  i v ,

a t  I a  a l  a - a r t  “,) m a ’ a n l a !  a , -  ~~ i \ ’ . - : i  t a ’  - a  I m a ’ a ’  t L ) a r , i l n - a i a  l a l m , a - a a ’  ‘ I  a l a , -  I ’  ‘ ‘ I ’ - ;  i r a  s ’ a a i , b a

a ! - a ’: ; a I m n a ~ i - a n n ,  I I  I a. ‘‘a t I isa t a - a l  I a ’ .- a l a  - a - r’ - . - i ma p I I i ’  I ag - n - - n a  : - ‘ ‘ m a t  a t  I - - am . : ; ’  I i t a  ,l a -

3. l ) a ” ,’n 
~~~~~ 

a ’ )  , ( a a a l  ~‘ l a a a I n  i s — — i l  i r a ’  - - a  ; - ‘ - a - - a l  m o ’  , ‘ ( )  t a I t )  “ - n a

- a i t  i a ;a I al m a - ap ing Ira ShOP ‘‘a a a a I a -  i s  Ia ,as Ia ‘a) g m m  i t  I , ‘ : a n a t  I ‘ a p i ,  I u~t) t i n ; ’ , t I a ’ , ’ - ) . - - I s  i - i n ’ - ,

new -
‘ l h a ’ , ! s  i n )  a - v , n l a m . a t  l a n g  t I m e ’  , ‘ ( I n n i v i l a ’ m l t I n - i ’ l l - - a ,  a ’ I ’ a,’ ri l h a  m l  t’ i a- , ’ a a n  n ” - - l _ i ’ . ’ a ; a i l l ; ’

I i . : -  I . - - t  a b a  t - a a a i m  a ’aan nap I. :-‘_ - - I m a ’  I a i r ’ ’ - . ‘.lm an a m la ) h a  - i n - t a t - I  , u l n a ’ a )  . l i i i  ‘ a ’ i.’ ) a ,  - a ‘‘ n ’ ’ ’ , ; ,

a - a ) .  I ’ -, ‘, l n i n t a l d  h n ’ a ’ a a l r l a - . a S ’ , a  n - n -  I f a , a I  h a , , ,  I- I I I 1 a - ’ m a , )  ~ t ~. a~ a a - ,  . a l a  at l . a - a t a l _ n a ’ : ; -  l a m ; -  Si  gm I I i —

a ’a Int I a,’ and t b  a t  , i t  r an t ’  do n n a t  k m u a a w  t h a , -  b a a ,  t I  i i  I , -‘ tub i t  h a n s i n  I a ,  - r r a n ,  t a i n t ’ s

I );e’ ’,’ - are , a n m , a l v z  )n m - ,t . I 0ev ‘—al aan nml, h m a - s I m i a n  a n m m a ; ’ a ’ a a )  c l ; a m a n p i n n m - , a, ’ , a l a i , ’ ’ ’ t m a : ’ :  . a h i u u a t

- ‘ I ‘n an t ’- ma t t a ’ 25  t a ’ 10 ‘a’ a a era I

— 58-

— : T ’  ‘ ‘ —

~~~~~~~~~~~

— -‘—
~~~~ v’— ’- — -



R h i b ’ I R l - : N L I ; .S

• Cr , ’,, ’ -  ~n , R . , i ra. )  k I a - - a ’ r  , S . , ” \’ I ) m ; a t  i o n  l e a - - I s ;and A n a u l y s  ~ 5 to 1,551 S—V

~ ‘ ‘ a f a  I St m t n i - t n a a ’ c’s , ’’ C S a \ b ’ l ~’I ” S r t ’ I i a n r l  h a ’  ba , pna hl i s l n c ’ m l .

2 .  l ) . n r t , a n , h e r a , I . I’ . , “ M. - c ) a , i n  I a n a l  \ ‘ i l u r , a t  i c n n s , ” St  In a l i t  i a n , ~l c C n ; a w — I h i  I I
i a - - a k  I a ’i : ;p .a l m’ .’ , ~a i ’ i ’  ‘i ’ ,’a’k , New ‘Nnmk , l ’ m ’ a ( ,  , p . 37).

3. l l n a n k , i ’ ,’ t , - m .1,, a t  ;ai , , ‘ Dvn;aa a , j a’ R.’s i a a ’ m ’ u s a _ ’  a t  Sd I / ( , a n n a ’ n a _ ’ t t ’ ln t a _ ’ r ’ I ;ua ,‘s a t
Ili gin I’ nt’si-aa_ rna ,’,’’ I ll ’ Re -a, -;n rc’In I ns titum t ~’. ,\l- ’l~’L — ’l R — 7  1— b a A , A p r i l  19 7 5 .

-S . K . t l ’ a k v , I l . ,  ‘‘ S t re s s  N’ , iV , ’s  m a  S a a l i c l s , ’’ Dover P r u h i  i a ’ ; a t  i , a r a s , New \‘, irk , 19 a ,  I .

a~ ldmis a - ., I. N ., a n d  Sc’,’,), I I .  It . , ‘‘ Sa - ism i a - R e s p i i n - - ; t ’  of Saa i 1 )l, ’1 a aa aa i t s , ’’
I a , a i r ’n : ,l  a a f  aI ;, S~’ i I  >I a, ’ a - l a a a n n i a ’ s a n n a )  h a a a i m i , I a m t  l a n a  D i v i s i a a n a , l’ m r a c e e d i n gs , ,\Sa ,f-

\ ‘ , a I . 96 , N a . SN2 , ~‘Ita r n ’ l a  1~~7(I .

Sa t - a l , 11. 8 . ,  ; a a a u )  I d n j : - ,aa , I .  ~‘I. , ‘‘ S o i l  N a a d u i l  i and Dtanaap im u g h” auclor s I’ a r
(a’ ,- I a ,nm i ,’ I - i a ’ a - - ; a a n r a ’- .. ’ A n a l y s e ’ s , ’’ R e p o mt  N ’’ . 1:1:1 0: 7 1 ) — h O , l ’ n i v c n s i t v  a )  h , n I  i —
I a ’ m n ) . m  l , l - RC , I i u ’n k c ’ i a,’ t- , ( , , a l i f u ’ r n i a , Di’, i ’m: a he ’ m ’  1970 .

7. I a - - a ’ s - n , , I .  , i n , , )  K n a l a l i ’ m a i c ’ y e n , R .  I . , ‘~h ’ i n i t , ’  l ) v n a i a ’ a l c  N , ’del  h a m  I n f i n i t , :
I ’ F a a a  , ‘e’d l f l ) ’’ -a , ,\ 5Ch’ , ,  ) , a a g i n a a ’ a _ ’ n i rng >I a ’ i ’ l a , a m i l a ’s Diyjsiora , i-l’La , 1\uagras t i l li a S .

‘-i . Ii~~~~~’t t  , 1 . 1 ., ‘ R a ’ a ’ ;a r a ; a a a ’ n d a , ’ a )  l’ m , a f  M a ’  arid) Repr e’sa ’natatit ’a_- ( a r i a-a t, i t a i t  i t t -  P m a ’p —

r I l e ’ s  f a i r  f - 5 S ) , l ’ — I  , Pl uas a- ‘3 ,’ Su ’ i I tim i d I’,mvem ,’nits I :nh . , (‘S,\IO’,’hS , (a l” t ’ hr u a r ’ v
h ’ i

9 . I o a - i i t a e ’ r g ,  1 . ,  m d  P ; a r n g ,  S tev en  S . II . ,  ‘‘,\ ni ,ml vs i~ of S a a i  l—S t nu i , ’ t Iuna,- i n l a y—
a - I  fin n ‘ ‘ma S i t e- Ia, ’li ’n sa’ (50) ‘l a - - p a ’  S n m i — I t t a r i e c l  S t n r n a ’t un a , ’s .  l’ a m r t  I I :  S o i l

St r a a , ’ t u i  a - Inta’r .aa a i on ;u n a l  l ) y n a t n u i c ’ S t  r t a , ’ t , n m , m I  Ra’s l u l aaa ’ a a ’,’ bbND ’I ’R— 7 ’5—2 )b— b o— a ’S ,
N a - h a l l ing&’ r , \ s o m , a ’ i , a I  a - ’ - , 1 ~I; a m a - h n 1 9 7 6 .

iU . ~~~~~~~ r , I . , ‘‘ I’ . n r’ i l r a e - t a - r ’  St rid it’s an I I sad a , arnp u n a v  ; I a n  I I am t’ r u a ’ .’ an I P l a I n : ;  I i t  at l v i ’
P r a a i a e ’ r t l , ’ ’ ;  on Cr ’ ’ a a nc) ‘- a ’ t ion P aa lcuia t lu nns , ’ Ia ,,id li nge , r ,-\s a a cI ;a t ,-s , Ca a ra a- -.n n h t—

i n g  En g i r i , ’a _ ’r ’  , C m a n a t m a a ct  R t ’p a a r t  S — 7 5 — 2  I a ’  I ’ . S. At’ a a a v  En g i na a ’i ’ r W , a t e r s - , a vs
I :‘:;aa- ml mi nu a ’n t ‘-. a , a t  i , r f l  , ( ‘ i i , ,  - I 5 75 ,

ii. (t a r’-., ‘I’ . I.. , l’ r€’- ,a ’nte ,’nl at thre 1 S t  I a l n a t e r n ; m t  itn n al C , a n n ~a r a ’ s a - ;  a ’ t  I I , ,  - ‘ a r  a t  ia ’,al
ae r i a l a’c~up l t a b  Na - a  I a ; u n i a ’ ’ a , Dci) I , ‘flit ’ N a , ’ t h a i ’ r l a a r n l a - , , ,\ r a gr r s t  8) I a ’ S . -p t c ’mh a_ ’ r 14 ,
I’ ’ I t , , tin l’ r(’p ;an ;at i o n  Ion PuhI i n ’a a t l a a n ,

~~ ~~~~~~~~~~~
_ _ i_ i~~~~~~~~

_
”
~ 

- 

_ _  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 



:5; ’ ) ’ ) ’  l i i i  S I

> I r a a ) ” S ) f , ’a I ’ h . S  a ll ’ a - S I  I )  S I  I!I ’C ’I ’ ! ’R F  5 1 1 1 1  ‘a N ! l  f- , ) ’ I ’ I h a a l  1’ (a S a h I _ i l I .

N a t a i r a l  I m ’ ,- a n , a a ’ a , -  1 , 5  . a m a a f  a i , a a , I a ,  ‘ : a ) a a ; i t ’ ’~~~a ’  I r h , ,  a r - I ,  ‘ a t l , n , - t aa  ‘ a ’ s’, - m a -  . - , a i  —

i f  a - a t ) n I ;  - a u - h  s ’ f r b , a ’ a a t  h . a - k I I  I n n  p l a n a ’ . - ‘ f a .  s - a l )  m , m a b  ‘ , i , k t i ) l  r . a ; a t ’ r I i & ’ s

i ’  I - - a  - nai a rn ‘a,’ - a r I t a: -  ‘ a l m a  I j a , ; ’  I i ’  10 ;a n  I , A I h ) m a a , i , t h a  i t  v i a - .  s n a f  - - : a a a - n  I I I , ,a rand

t a t a t :  ira ; m i t  )aI I n a i i a ’ t ’ i a l  n - a , l u i l  i ia: :pn’ aa t t a’d t i a a - a i t ’ m a . n a a i , ’ o j n i a u l a a t  i a ’ a a  n i - a m a ; a l l  u ’ ’’ I

I r l t  c - a - a t  l a m  a’ ,, ’ t I , a ’ a ) s . I _ l a .  m a a u ) , a l  c x l  r a u c t h u a n  a ina. ,l v : - a’ 5cr,’ l a a a t  r .  f a a  a l a n l ,  P m c v i - - : , ’ a

e ’ ’ :’ a r i a - m l a ’ n R a t .  9 )  i n d i a  a t , ’ : tl a: a I t I n ’  f r c a ( a a n n m ,  i a ’ ~ aa ’ a a a a ( a )  a l a - h  1 c  s i g n I l i a ’ ; m n a t  I v

( I t ~ -s ‘ I r an  1 0— 1 5  a n ’ n ’ ,’e ’ n a t ) l a y  ) a a s i r u g  t l a a  s a i l  s I l t  mi , ’ -S  ‘‘ii t a n g e n t

a-a, ‘ a _ l i t !  I an - I I h a - i i  t I a_’ l i _a  a ; ) , ’ oh am a ,’:, v- - a, a f na i l he - a - a a ; ‘ n ,  alt ,a I I . ,\ a a e i , d — o r i  a ’ l e v i —

I I a m a  t- i n - S  a ’ f I b a a - St  n a t a l u i  a , m m a , I  , a a r  i a a a ; l ) a i  Ir a ; ’ ‘ a I I ii- : s f n , wn Ira I i  gain ’ . 2—1 . ‘ a r

Sc r a d i I  , m , ;  a vs is , m l I ‘inil asm i a I a .  c ‘ a n a l , r  i n ’ s  a l  t b a c  s a l  1 i s  I a a n u d  5. - r d  f i s t - a )  ‘ - ‘ a —

a t -  ‘a a in - a a S - n r a  I a - a : ,  a ’  I i-~’, ’ : . a - ~a ‘ I  u ’’ ’ ( pa a - I  I a 1 t ‘a  t Ii ’ - 
~n 1 ama ’ ‘ - a ) a m ’w n  in  I - i  g, ; me ,! I

a el m - - - a -  r c a - a ’ s  l m .; I i t ’d I - - mac av e, i n  I l i i -  p 1  m a t e . ( ( a , ’  nar ,i da , ’ s’ h a a ; a a ’s a _ a l  I I , . ’ ‘- t r i t a  r ‘ i r a _ -

a m a  a, ’ s a a  sn s - a t  In a-t i I ‘ a t  r i a ; ,’ ! as’ , , ; ’ , I i p l a n , -  I — I a ; a , , , as’ , tIn t ’ i i i , ) , ’  I a m  m a )  or nm ua ’t air ,’ .

i n ’ -’ - I — .‘ I Ira ’ ’ a n a ~t b n I — 1  1 : - a l u , n w  ‘‘a a l a ’  sl i am pu-: ; a t  t hue ,- an,’. at ’ , ’  rid st m m m i - I a r m  a ’ . I I ,~u a  ‘ ‘ -a

I — I ?  S r ‘ a ’’ ; ’ I a 1— 21 ‘;)naaw macad ,’ s l a ; m p t ’ s  a )  tIn , - caav n r ‘ ‘ a )  - I r a , ,  l a i r , ’ .

- -- -‘
- 

- 

i~ PA ~i~*j~~~~~~~T

— a ,

‘ I

‘., —~~~~~~~-: 
- - - ___________________ 

~~~~~~~~~~~~~~~~~ “ ‘“
~~~ ‘— ---—-- —



‘ a
a 

~~~~ a’ ‘
~~
‘ ‘

A~ 

\~~~~~~~~~~~~~~ a~~~~~~

\

~~~~~~~~~~~~~~~

7 
~~~‘ 

a ~~

“

IL) I ‘9 ? “ ~ ~~‘ a ’ ‘
~~

a 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~

Fi gu re 1—1. In itl ,a I Undeformed Configuration a a b  A r c l a .

— 6.1 —

- ‘ ‘~~~~~~~~~~~ 

~~~~~

‘

~~~~~~~~~~~T



a,,

/ 
~

l(

~~~~~~~~~~~~~~~~~~~~~ WI

r

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
‘ a

~~~~L

’

~~ 
k~~ 

4 

n

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

‘

~~a~ ~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~\ 7

FIgure 1—2. Mode I, Uncovered Arch , w — 10.8 Hz.

— a ,  3—

- -~~~~~-— ‘~~~~~~~~ ~~~~~~- - —  ~~~~~~~~~~~~~~~ ‘ 

~~~~
‘

T TT ”
~~~~ I~~~~~~~



—

~~~~~~~~ -- ~~~~~~~~~~
- - 

I?:

V~~ ,a ’ a a ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~ / \~ i a~~ \

I

\ i

a _

a //\ \

\ 
~~~~~~~~~~~ \, a ~

‘ 
~ /

- 
‘ ~ t~~ \’~ 

~
\

~~~~~~~
\ ~~~ 

~~1 . ~ ~~~~ 
~~~~~~~~~~~~~~~~ ~~~

~ 1~\ 
\
\ s~~~\ 

“ n , ’ ,

~~~\ 
“ a 

‘

~~~

1” 1 gnmr &’ I— ’). Mode 2, I nc, vt ’ real A ni ta , w — I 1. 7 Hz.

-

- ‘ -- —— --— -‘ 

~~~~~~~ ‘TTIi T~~~T _ _~~~ T__
-
_ TT”



P

- 

~~~~~~~~~~

,- 

~ ~~~ , 

a
,

- ~ 
~~~~~~ \, 

- ~~~

: 

::‘ 
~~“ 

~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~ 
-

\
\~~ 

~ ~ 

l~~

m .  

~~~ - —

Figure 1 -5 . “li l a ’  3 ,  I t n a a - , av e r t ’d  A r c h , a,; — 16.1 Hz.

- 5 —
at,

I - - ‘ “

~~~~~~~~~~ ~~~~~~
‘
~~~~~

‘ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

‘ T’
~~~~~



~- ~‘t - a ’~~~~ / ~~~~~~ 
‘- ; ‘ :

~~1
_ 

~~~~~~~~~ / ;‘\ -‘ ‘
,

- 

7 

- ~~~ I ~

‘ 

-

,

/‘ 
‘
~~~~~a~~~~~~~~

\ 

~~~~~~~
, 

~~~~~~~~~~~~~~~~~~~~ 

a a :
~~~,

\ 

~ m

Fi~~a n r a -  I — u .  Mode’ ‘a , Cm ’a u ’ a a v t ’ r e , ’ , I  A r a la , ad 13 .0 Hz.



/ 
l

i

n

e

\ / ~~~~~
) I

\ 

~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~

a 

~~~~~ ~~ a ,

F I get re, I — ( a . Mode “ , I - a ‘v . rca) A rt-I a , a ,; — 70. 7 H z .

C a l

‘‘.“ -— ~~~~~~~ ‘—~~~~~~~ ‘



a- / ~ 7 ,

\ /~, “~~~~ ~~ ~~~~ — ------
‘ 

-
~ ‘ 

*1 
-

\
‘~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~

r

~~~~~~~~~~~~~~~~~~~,Pa

‘ a t  
- 

- 

a \~ ‘

1 .1 ,

I

FI gure’ 1—7 . Made’ 6, llneovered Arch , cii — 84,2 Hz.

-68-

— -

~~~~~~~~~~~

-- -- ‘ - -

~~~

- ‘

~~~~~~~
----- 

~~~
‘ T



-
~~~

- 

~~ 

~\ / 
‘a / ‘\ 

-. 

-
i a

- n

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~ 

~
‘

a 

- -

~ ~ 

- a, 

~\a 
‘ a

~ - a )  1 , , _ 
~~ / l l _ _ _\ 

‘

Fl gaire ’ 1—8 . N a a u l n  7 , I ’ na a ”’ v .’ ra - u) A rc-ba , w 1 1))). 1 li .

__,a— - --a ,’a-aa~~~~~ ,, ‘a- - . ,—.—‘ - —— 4_ -’-- — ,—. -



‘ ‘ - 1

~~~ 
- - --

~~~~~~~
a ~~~~~~~~ -

‘ 

~~~~~~~ / ~~~~~~~ / ,

~~
- 

~
, “

~~~~~ ~~ f~: \~~~T 
~~ A \\

~ / J~- 7i~
(
~\ ~~/ \ — _\ \ i /

41 
\ /~~~~~~ -1~~r / iN\I\~c5

‘2

\ \ ‘78I ~~\-

~~~

.

Figure 1—9. Mode 8, I a a a - a , v t ’ r e a h  Ar ch , w — 119.9 Hz.

-70-

- . - - , - I—’- ---~~~ —_ _- ‘ --— -



-~~~~~~~~.

. .. 

‘

~~~~‘ 
/ 

- I ~~~~~ 

~ ~~
‘I1, 

/ 
~Th

H ’  

/

FI gure 1—10 . Mode 9 , Uncove red Arch , w — 148.7 Hz.

— 7 1 —  

-- --- ‘- ----~~ ‘,— - 

~~~~~ T~~~~~~~
— 

‘

~~~~~~~~~~~~~

_ “



a ’  -‘

~~~ ~~ 
a 

-

a 

~~~ --

~ ~~~~~

Fi gu re  I — l i .  Mr ad e  10 , Uncove red  A r c h , nii — 185.4 Hz.

—7 7—



-

- a,, ‘— ,

I - a ,

/ 
~~~~~~~~~~~~~~~~~~~ 

/~~
a ~~~~~~~~~~~~~~~~~~~ 

~

a
I~~~

’
_

~~ 5 \
‘

~~~
_

~~~ ~~~~ ~

\~~
\ / ~~~~ ‘ .

~~~~\ 
h 1 2 

- 
~~ u a  ‘e, n

Fi gu re  1—12. Mode 1 , Covered Arc h , :,,, — 10.1 Hz.

— 7  1—

_ _ _ _ _  _ _  —~r -.-- --- ,— _ 
- .



.‘
- ‘

~~~~

- “a , • I -
‘ A

~~ aa ‘ -
‘ a ‘-

a ’ a , , ,  • nb ”
- 

~ 
i’ :; N 

- 
a

‘
a - 

,
, 
/ ~~~~~~~ 

_ a - - j

) .

, 

‘

\ \

~~~~~ 
~~ ~~~~ 

‘
a

I

\ 

\ 
\
\ 

~~~ -a,

~~~ \

m
n \ i ns~~~

\ ,~\ ‘a 
\

\ 
a

\ 
~~~~

,
, 

~

Fi gure 1—13 . Mode 2, Covered Arch , w — 10.4 Hz.

- / - S -

-~~~ ~~~~ F - ”- “ - ‘ 
— -



~~~~

‘ 
~~~ ~~~

~~~~ ~\ 
\\ ~~~~~~~~~~~~~~~~~~~~~ ~

‘ 

- \ 
‘

~~~~~~~~~~~~~~~ ~~~~~~~~

~ 
‘
~
,\ 

~~~~ 
i a~~~~~~~~~~~

\,
- - -- -

-
a 

i” 
,

~ ~~~~ ‘:
‘

. 
‘

I

I i ’

Figure I - K . Maa de ‘3 , Covered A r c h , w — 13 .8 Hz.

- ‘  _ _

-75-~~ ~ 

‘ —



-‘ ,“ .- I ’

~‘_
‘ , _

/‘ —-- ~1 , 
, ,_A~\

~~~~~ /
/ ,, 

‘ 
a / ~

‘ - ,

5
1

~~~~~

- 

~,,, — 
, N • 

~~~i

-- 
s’t 

- 

a’

- - \ ‘

Fi gure 1—15. Mode 4, Covered Arch , cii — 29.3 Hz.

—It , -

- - -j



,~~:, 
~~ - 

, 
‘ a 

~~~~~~ 

i hi r

\ ~~~~~~~~~~~~ 
II

\~~~
;
~~~

‘a

\ a\  

2 \ -  

\~

- a 
a a ’a ,,,,_,,,, _

Figure 1—1’ ,. Mode 5, (la avt’ ra’d Arch , tii — ‘e 2 . 1  H z .

_ _ _ _ _ _ _  — -~~~ -~~~~~~~~~~~
--

- 

- _ _ _ _ _ _ _ _ _



- a - / j~~’ “a 
~ 

~i- ja -t ’ . ,

1

‘
\ ‘

~~~~ 

~~ 
“

~~~~~~

\ ‘
I

-a  ~ ,,, ,
~ -

‘ 

- 

- , a
-

- 
a a - - .

~~
-“-- 

i - n, ~

FI gure 1—17. Mu ade 6, (‘avered Ar ub a , w 51.8 Hz.

—78—

—‘ — - - - _ - . - - —‘ - - - ‘ -—  - ..—

~~~~~~~

—-“_—- - - 

,~ 

—



P

i ~~~~~~~~~~~~~~~~a 

~~~~~ ~~/ “ a
’ 

~\ 7”~ 
- 

~~~~

‘ 

n “a
- I /\‘~ 

‘ /  ‘ -

~~~~~~~~~~ 
\~

, 
~~~~

- - / -— 

\ 
“ -

~~~~ -~~~~~~~ ~~
‘

\ ~~ ‘
/ 

\ a- , /
~~~~__\ 

~~
1 

- 
“a :~ ~~ 

,, 
\

I , .  , ,

Fig ure 1—18. Mode 7, C a a v , ’r e d  Ar c h , sa = 62.5 Hz.

— 79—

— 

n~.._ ,_- _ 
- - 

~~~~~~~~~~~~~ 

,

~~~~~~~ ~~~

‘ - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- 366
72 

‘371

:3 13 3~
3 , ’ )

35L~

507 
520 ~ a ,

2 ~~~~~~~~~~~~~ ,~~~3 (3 3~3 -i

a L; 3 ’~’ 
-

- a - - ‘ 

- 7 ,‘,,7 - —-__ 
‘ - - aa ~ a

a ‘~~~~~~~ 

- 

--a-

3)  5,U 5fJ(j
- a - -

~~~ —- ‘
/

-
~~~ - - 

‘7 L; 9 
- 

-

- i‘ a )

FIg ure 1—19 . Mode 8, Covered Arch , w 83.8 liz .

—80—

- -  i’ — ~~~~~~~~~~



‘a- 358

j a
-~~ a , a- , -

~ 
a a a

S
‘~

,‘~-e 3~~ ‘; [3~~13 / /

‘a, —

L~a33 - 
_
‘\ 

-
a

C 
- 

- \ \ 
‘. ‘ ( ‘a- ,

j~~L 

- 

~~~~~~~
( ~~~~~~~~~~~ 

,- 

~~~~~~~~~~~~~~~

~~ 
‘

~~~\ 

- 

, a ~ ç 
_\ ,~~~~~‘

Fi gure 1—20. Mode 9, Covered A r m , -~ : • Iait) . 7 Hz.

-81-

a - ~~~~~~~~ - -_-- -, -~~ —- -_ -, --——  - —



3135
- 371

-

~i 3d 5r’ 
518 505

3/ 3  3(42 ~~~~

~~3i~ 15 r fl - a ,- 
- -  

-- 
‘

- 7 9a ---

a , r -
‘
~~‘ 

- - 

I ~
‘ 1(4 “ , 8

—- 4 / 7
7 1  1325

715 ,

-1512 6 11GI-a soyI — ‘-——— ——

/ 7~ ’
— 

‘~~ ; 7 .

1 - I g aire’ 1— 2 1. Mode 10, Covered Arch , cii — 110.3 Hz.

—82—

- ‘ ‘
~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~

“
~~~~~
“

~~~~~~~~~~ —--



A P P I ’ I N I ) I X  I I

Ra \ f l l  ,\ I’ I a I N  ) a \ M ) ’ T N P  A S S O C T A T I - D W 1’I ’I - I D I - ; ( - ’oR ~I, -\ ’F I U N , \ l ,  800 1-I S Oh - ’ A

C I R ( ’) I ,AR C 5 ’ l , I N D f I R h IIII’d ) I ) l’I D I N  a”,N I N F I N I T E  E l A S T I C  l N ) ~I,\ I N

I I  is  s h m m a w n  In S t a t i o n  ‘3 t h a t  n a d l a it  i o n  d ; uuaap in g asa-~~n c i a t ed w i  t la
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C , v -‘are,’ Yai uny ‘S l’lodulnms and Poisson ’s rai L 10 , ra ,- s J ’ a i ’ a - t l v c l  v , 1 - a r
0 m a  ‘ -

t I n e  s h e l l  m a t e r  i ml

I n  t Ime r i , n e , ’ a _ ’  ‘ a m - a - i ’ s a ’ a a n s i a i a, ’r ec ) , -

~~ 

s - mu-a  v a r i e d  by vaur y ing c
17 

tIne d i l a t a t i ; ’n a l

w, a v a _ ’  a- ‘ a m a l  i n the  s a u  i i  . ‘I’Iae r a m m a C i ’  of p a ra nao t a - m s  was as b a a )  l ows :

F use 0

1 !,7.6 ( a a a a f t a _ - s t  sau l )

2 2 1.8

at I i  . a a (st it I~~” , t - ; i ’ i l )

‘ I i a a ’  L i t a a a ’  h i a - - t i a r i a ’ s a l  r a d i a l  d i sp l m m ’ a_ ’ a ’ a a ’ m a t  a u n t ’  i~r a_ ’s e n t e d  i n  I i a a - u a l ’ a - : a

I I — !  t ) n r a n m g h  I I — ! . f o r  a- - a a a b a ’ - , um = 0 t l a r a u m u g h u n = I b a r ’  a m i n a p u l s i v i ’  u - x c i t a a t i o f l  of

L )ma — ext a_ ru:, i : a a a , a J  m u a a a a J c ’ s  . h a , ’ raid i aa I di sp i a ua ’ , ’ auua ’ na ) w l a i r  a a a a a a l , ’ in and t I r e  a i ra - a t ’ t a r e

no a ’ ’ ,: a l i a ’ ,’d to ii a n a l  c / - i , n’ a _ ’ : ; p a ’  I i v e l v . ‘FI ne r a , ara u a , a I i z a u t i m a n  a a l i a a a ’ t a - m ’  liar tum’: e,’

ike- a- i t  .‘g a (an ’ am in t I m e  f i g m u a ’ a ’ s  as it ’ a l m a ’  n - u t  u r a l  I a a ’ a ] l m m ’ r a c n c s  m a t  th e ‘bacH ama ’,’

n h r , - a s t i c a a l i v  r a _ ’ a l a a a ’ a _ ’ a (  I )  I I , , ’  ‘ l i e )  1 is plac ed in  S t  it ( a _ - n s m a l l .  ‘I ’ )n i s  i s m a a a i n l v  in

I l l  I t s  i a a m i  u . a a m a - a _ ’ a I  ) av  I In , ’  nond i u a a a ’ u a - - i o n a a l  h a m r . i a a ’ t i ’ r . aa s c a i n  lue  seen by d i v i d ing  t h e

i nane,’ sa’a I , -  in a - u S e ’ : - ; 2 and  i in I ” I g a a ’ a ’ I l — I  hv 2 a r i a )  4, m a ’ : - I a a ’ a - t  iv,’I y. Some m a ’—

dri -  I I a ’ a a  m n f  n a t  ut - - a l  I r a ’ a ( a u a ’ a i a  ~ a a a ,’ a ’ a m r  s , I m a a w n ’va ’m ’ , a p p a r a ’ u a t  l y mi n e  [ u a  l a a ’ C,’ e , ’ f t , ’ , ’ t  i v, ’

d a m p i n g  m a u l  h o s ;  ‘ a _ - a ’  c a m ’ , , ’  ‘3 , F i g u r a ’  I T — -’,.

‘I l i e,’ ma in p a i n p a  ‘sa-  o t  j a t ’  a’ ) a ’rnn i ng I I m e s e , ’  a ’ ; a l a - n m !  a t  I , a n a s t a - a t a ’ ‘‘a’ ,’ hr , a w t h a t ’

, . r l , u l ’ ’ , a ! a - r l t  t ma im -I i - i n  of i a - n i t  h m ’; m l  v i s m ’ a n u u a a  d a m n u ~a i m a g  v : i r i e , ’ s  w i t h  wa ive s I a a ’ a ’ a I in t l a e

- 8 a - -

- — “—“-



s m a l l . In these  c asa’a - a , d a m p i n g  is e n t i r e l y  of t h e  r a d i a l  i i a u m  I - - p c .  I l I a c-re i s

no a m b i g u i t y  in  e v a l u a t i n g  the log d e c r e m e n t  f o r  eac lu  d i s p l ; u c e n a e n t — t i m a a a ,- h i s —

t o r y  ba _ ’c a a a t s e  eaac h  r c ’p r e a - a cn t s  t I m e  osci l  lat  ion in one ’ anode o n l y ,  and t h e  d c - a _ a - a m y

r , m t e s  f o r  do fo  carna l jona I modes ,a m a , ’ n e g a t i v e  exponen t  j a b . ‘ ( l i e  I mau i’ I i i  ma o of

c r i t i c a l  damp ing are shown in ‘ I - a N T i ’  I l — i .  The tab le ’  s h n , a w s  a t r e n d  a a f  h i g h e r

d a u m p i n g  w i t h  i n c r e a s i n g ly s t i f l a _ ’ r soil , w h i c h  is the  s - a a a a c  trend e’x )aib ited Nv

t h e f i n i t e ,’ e l em e n t  c a l c u l a t i o n s  of t h e  ;urc l’ m .  ‘- l Iaa _ a n t h e  p r a a p e r t i e s  - m l  t h u e

s y s t e m  are f i x e d , t h e  anaoun t  of damp ing is h ig l m l y  d e p e n d e n t  on the  anode n u m b e r .

(- a i m  ca’:aan a pla _ ’ , in ~‘ ai se  2 , mode 1 is li gh t l y  d armaped , ramode 2 is  t abou t  c r i t i c a l l y

damped and mode -‘a i s h i ghly , yet subcr ltica ll y, damped. Il ’h ais clear! ’,’ i ll us—

trautes tine ) r a _ - q u e n c y  dependence  of s t r u c t a n r e — m u a e d i c m r n  i n te r a c t  ion .  ‘(‘b aa a - n = 1
moda-  i n v o l v e s  r i gid b a u d u - ’  m o t i o n  onl y and lr cn c e  t I m e  a a - a ’ r a ’ a ; m l  I a - a _ a l  r e s p o nse  a p p ear s

to he i n d e pen d e n t  of  s-a ve speed i r a  t h e  sol  I .  ‘F ) me  d a m p in g  f o r  t h i s mode is

I a  a g a m  r I t h u m i c  in natu na _ - , u n l i k e  t I m ; ,  t f a i r  t h e  di’ ) or n n a l  i ona  I a a - a i aa la’’ a- w In  m b  i s  expo-

n e n t i a l .  Damp ing  in t lae ’  r i g id body mode is va _ - m y  large’ ;und no ia ’acili a ai ion

a_ n e c  r i m s

— M ’ a-
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- CASE 3
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0.0 O
’
,2  0~~1 0

’
.6 0~8 1.0

TIME ( C T / A)

Fl g n u r e  1 1 — 1 .  Norm a l lzccl M a ’ )  a !  l ) l sp I - a a - a ’ r a a a ’ m a t  h a a r  mi = 0 Ma’,)a_’ Versus Naurma lia ’a’ ,?
‘j ’ I a ’ a a -  f a a r  a i a - b i t - I l  E m h u ’ a l a l n ’ d  In  ‘l’hre , ’t ’ I ) i f f u ’ r ’ a ’ n t  E l a n s t i a ,’ S , a i l s .
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ci

ci
0(N ,

d

in
F’-

ci

ci
a:

0

LEGEND
0 -  CASE 1
a -  CASE 2

Z r’j
L i— -
Ui
C-)
a:
-Ja-tng
D

-Ja:
C)
a: irac~-

ci

z

ciira
ci.
d

U’

cici
ci
0 , , I a a

0.0 4 .0  8.0 12 .0  16.0 20.0
T IME ( CT/A )

l i gu r a ’ I I — , ’ . N a a r u a a , - i l  I - s -a )  M ach a i l  l ) i s I a I , a a ’ a ’ m u a a _ ’ m r l  b a i r  a = I M a a a ) a ’ V e r su s  N a ’ m ’ u a - , , a I  i i a ’d
‘f u me b a r  a y b , , 1 !  I u u a ) a a ’ d , l , ’ a )  in ‘ l ’ I nra ’ a ’ D i f f e r e n t  L l a m a - i t I c  S m a i  I s .
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ci
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~~~~ at LEGEND
a: 0- CASE !

~~~ 
a -  CASE 2

- ~~- CASE 3
0

a’—z
Li
r
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a:

U’Z (N

\ ‘  \~

ci 
_ _ _ _ _ _ _

0.0 2.0 4.0 6.0 8.0 10.0

TIME ( CT /A )

I”I g a u r ’ l 1 ’ b . Naa ra a - aa l i z e d  Moc l:il , D i s p l a m a  a ’ a , a n - n t  f a n r  ma — 2 M a a , b,- \‘ a ’ r su s  N a a r a u a , i I  iz , ’ a l
‘l i me , ’  f a r  - a S h i l l  I - m ha ’ a l c lee l  i n  I ’ ) n r n ’ a ’  1 ) 1 )  ) a ’ r c ’ r m t  E l a i s t  in  S o i l s .
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CASE 1

a 0 CASE 2
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ci

U
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ci 
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ci

a I I I
0.0 1.0 2.0 3.0 4 . 0  5.0

T I M E  ( C T /A )

Fl~’ u u r e -  1 1 — 4 . N a a r u , a , n l i z e ’ m )  M a aal ;a l I ) i s p l a n ’c nm e n t  t a r  n = I Ma Im’ \‘er sau s Na a u y u:,a ~~ia’ ,’)

Time f a i r  u S h e l l  I- nu h - a ) a ) e d  in  l ’ ) m r e s ’  D i f f e r e , ’ r a t  E I , a s t  I c  S a a i  i s .
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E Q U I V A L E N T I ‘(Al - I I i ) N S  01” C R I ’ I ’ i b N \ l , \ ‘ I S LOL ’S I L \ S I ’ I , ’; FOR I N I ’ I N I ’ I  I - :LY

C’r’ l . I N I a b - ’L T N  l N b ’ h N J  I I - ’ SOIl ,  S L O t h  1~1 Sl ’BJEC ’I ’EI )  TO i 2 1 ( ’ t ’L S I V I - I , OA D I N ( -

I C au - , a -  3
M a y b e  n ( s o f t  s c u l l )  2 (~st I l l  s o i l )

1 0 i lL  . 1 3 ,
‘ a’- 1 >1.0 >1 .0 sJ .0

‘3 2 . ( a l  --1.0 - ‘1.0

3 .19 . - ‘a l  . 51

2 n a n  1 a I s  ii r i g i d  I ,,  - a ) v  r i m e , ] a m  imi im a od c 1 - a r  wi a i ‘ l n d a m p i n g  is large .
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a\ I ’b ’b ’il ( X I l l

) ‘I h }~a:g Pb ’( O I I l ) , M S  H)R I M I ’ l , L M l - N ’l ’ ,- \ I ’ ( l a N  OF F R I C T I O N  I N

‘l’ I l R I , E — l i J , ”hi ’ , N S’ION ,\ L , l I N EA L FIN1’I’E E l , ( ’ , Ml ’ I N ’ I ’  CODE

( ‘It , - iaa - a j ’a l a- a :a a _ ’ n at a ( i o n  of  a f r i a -tiun ma mode i in LI’~N S a ’iI ~ roqr rir a_ ’d nunneroa,ms

coding n l u a n F i - — , a m m a m l  t w a ’  a ’ I a € ’ c k  p r o h ] a ’m s  were  de’v l s a _ ’ aI  to  t e s t  the new m o d e l .

l ’ ) a esa-  a r e i I l u s t  r a m  t a _ a l  in I ” i g u m a _ a  1 1 1 — 1 .  Tlaea 5 im ul  a t  ion o h  t l u a ’  b l o c k  s l i d i n g

on t b a , ’ p l a n e  i s  t h e  same p r o b lem  I a a r  w l a i c l a  Den Ilart aa ,y (Ref. 2 )  d e m i v a -d eq nu i  v ; m —

I c - r a t v i s c a - u s  a mad C a i n j b o m b  dauuup ini g. The f r ic t i o n  a a a a _ ’ f f i c ’ i e n t s  in  t I l e  c’a - - : p r a _’s s i o n

f = i a N

w as a P i - ’ - - e u u  s a n c h  t h a t  i a = 0 . 2 1 ) .  ‘l b a i s  p r o d a u a ’es Ii) percent equivu l era t c riti a _ - ; m l

v j a , a a i a n a a -  d am mup i m a g .  I n i t i a l  I v , am f a r e , - ha a u v i n p  r i s e  a ind  a l a _ c a y  t i n u a a _ ’ a - a  a _ ’ a a a ’h e q u a l

Ia’ a qiu.-un t a_ - r a I  l i i i ’  n I  a a r a l  p e r i a a a )  o f  the syste-un s - a s  : m p j a l  it ’d L a ’  t I ne  b l o c k  to

se,- t i t  I r a  - a m a  ion . l a i s p l a c a _ ’ u :i c ’ n m t — I  i mno l u i - , I a a r i a ’ s  f o r  t h e  b lock  w i L h  and w i t h o u t

r u t  I - a u  an ;- a_ ’ s l a , awa ’m in )“i p un na _ -s 1 1 1 — 2  ainc l [II— b , E l i a u a i n ; a t i n L a  the dnaatp ing due to

tIn e , ’ i r a a a ’ ~ ’ a - u  u r n  ; n l gm a m i  luna , w l a i c h a  a m a ’ a , n u n m, - -; l’or  t h e  dc- -u - c a se i a a  a muuap h i t u d e ’  i n

I - j E e r ’  1 1 1 - 2 . i n d i c a i t e s  t b a ; a (  L I ; e  I nle t i - a ma is rc’sp u n s i b l n ’ f u r  a p p r a i x i a -~a , a r c ) a , ’

8 a a _ ’ r a - m,’u a l  damp i a u , ’

A a a a a ’ r a _ ’  a i m b i t  hours a_ - h e c k  s o l u t i t u m a  w - a a -~ tln en a mlmt mi ned for tha i ’ twa ’—

dl a a ’ . u t -si - - nai l - a m ’ ) ,  s n u b ) e , ’ a ’ t a _ ’ a l  Ia , a Point l oad  i t  t h a a -  c rown , w l m i c h i  is I I  I a u s t m , m t a _ ’ ; (

i n  F ’ i g m n m t ’  I i 1 1 . ‘[‘b ,~ - d i  a m ’ n a a i a n m a u - a  t a t ’ t I n s a u r a - I a  amad t h e  t h r , - a ’ — dimema a ai m i n ;ui ‘nc ’

of u l t i m a t e  i n t , ’ m a _ ’ —a t n ra,’ i a l a ’ n a t i c a i .  I I , iw e ’, ’, ’r , ti a a -  a: ’ , n s a a -  a m a , )  St  it m ess p m ’ a u ; a a _ - r t  i t ’s

of t h a i ’  s n a i l  w e r e -  e n t i t l e d  I n - a u - ,  t i l e  L w , a — a h i a u u e ’ n s i O n a m l  a _ ’ X u m u a l ’ h a_ - . I ra t l a i s  a - a a l c u l , m t j u n n ,

I t a e  I n l e t  i a a u u , m I  [ ‘ r a m - s  P were, ’ m ’ a a a a I u a n t a ’ a )  sep t ar - a l a ’I y I a nr ,‘,- ac !a n,adc’.

F’ = ( i’ ’ ma

y b , . me

am = t h e  norma l a-a t r c a--a m-a a t  e a u c l a  n ude , r,’ u - ; b a a _ ’ a ’t  i v , ’ l y ,  d a r e ’  to a m v , - r ) a a a r d m ’ : i

st m m - a - s

h I m ’ ’ v ,’m l n i & ’  a t  it v an . -  a m a , ’  r a n  ‘, ‘ , a n l , a l a l a -  a b a ’ p t h  if a b a \ ’ p m a t b a e l I a a m l  iuv,’nhuurd c’n an I

a L a ,  v a r y i n g  - a u r p l a ’  b , e ’ a - ,~’ a - e n  t i m e ’  r a n  ‘ a - a l  t r a  t i t a - n r c - I t  - u m a d  t I n e  v e r t  n m - a l .

- ~~~~~-‘ ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



, \ u a a ’ t h i a ’ m  dc i i i )  in  i ’ a a i a l e ’ u u u e n t i m a g t i n e  mode l  i s  t a u  d a _ ’~’ ide  on t I n e  di ri- a - I i a n

r I me - f r i c a  i a a n  f o r a_ ’ a_ ’ . I I  m u s t  t i c ’  a l o n g  t ine t ,’ i ma g a_ ’n t  - a  t h e  a r c ) ,  - a t  a _ ’ a t a ’ i a t a a a d a _ ’ ,

‘ni t I a c - r~ - am’ Is’ - - p a u s s i  b l e  d i  r e - c t  i a ’ m a s  . ‘f lu e cl u e  j a ’e’ is made  ha y c o m p a u r  1 rig tha e di rca-c’-

I i ra a m l t i m e  ‘,‘a ’ l a m - ’ i t v  v, ct o r  w i t h  t h e  m a a m r m a t a l and r a _ ’ q r u i r a n p  l I n e  f r i a ’ I ion f o r - c- v e c t o r

t o l i c - ’  c am i  t I n e  a m p p a n s i t e  s i d e ~‘I ’ t i m e  n m m a n a i l .  ‘I’hai s  i s  i I l e u s t r - ’it c ’ d in  F i gu t re  1 1 1 — 1

,\s ira t h a i ’  o t h a a _ ’ r a_ ’ a ~, a a mp Ie , t Ime c - f t  ‘ a t  au l d a m p i n g  is  eva u laa - at eai b y r ipp l y —

i u a ,- an ) a a - a p u u l s l v c ’  h a ’ r , ’ a ’ ( 0  t h a t ’ cra,wn aind n o t  i c i u u i a  t h u ,  d c - c r a ’ a a a c - u i t  in  amp ) i t n u d e  a t

t h a t ’  cr  -w i t  w i t  ha su c c e ss i vu’ eye I a ’s. Tl a e cams a_ ’-s strewn in  h ” i g a i r - s  111 —
~~ and 111—5

Ia - a ve, , = 0 . -S ana l  z e r , ,  r i c t i o r m , r e s p e c t  i v a - l y .  As in  t h a i -  C~ISe o h  time block slid—

i r i g a l a  , u  fr i a’t I ‘ a m a  1 a_ ’ ss p l a m n u ’  , t Nc’ re is s i g n i  f learnt de,’r,’,m sa _ ’ in a a a a i h a  1 i t a u d e  . In tla is

c a m s a _ ’ , i t  h o  p a r t l y  d u e  to I l t e  i n t e g r a l  ion r a l g a ’ r i t l n m  aund  pa-art i a a i l v  due  to  t h a i -

n — a t  n u n , -  a ’ I  t Ime d v n ; a r a l c  re~~p a u n sa_ ’ . ‘(‘ h ue , -  a l a ’ c r a _ ’m e r i t i m a  t h u r  a_ - , m s a,’ w i t l u  f r i c t  ion i s  n a u t a a - I m

g r a ’  ‘i t e m ’ .
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