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P .L . IV A N O V  D r 's ,  S c s . P r o fe s s o r s ,  G o s s t r o y  S S S R ,  M o s c o w ,  U S S R

A .P . S IN IT S IN  

A .A .  M U S A E L Y A N

SYNOPSI S I s t he f i r st  par t  wr i t t en by I vanov i t  has been shown t hat  t he shape of  soi l  par ­
t i cl es has essent i al  i nf l uence on compact i on and st r engt h of  sandy soi l s.  I n a wi de r ange of  shock 
and i mpul si ve ef f ect s, st r engt h char act er i st i cs of  soi l s pr act i cal l y do not  change but  pl at e di s ­
pl acement s and st r ai ns of  t he soi l  i n a sub- l i mi t i ng st at e subst ant i al l y i ncr ease.

The second par t  wr i t t en by Si ni t si n deal s wi t h t he sol ut i on of  a dynami c pr obl em of  t he t wo- l ayei >-  
f oui dat i on st r ess st at e due t o t he act i ons of  a f al l i ng l oad.  The sol ut i on of  t he pr obl em has 
been obt ai ned by t he met hod of  wave net s t aki ng i nt o account  t he f or mat i on of  pl ast i c r egi on, t he 
r ef l ect i on of #i r ess waves f r om t he el ast i c r ock f oundat i on as wel l  as wave i nt er act i ons ef f ect .
The t hi r d par t  wr i t t en by Musael yan i s devot ed t o t he f eat ur es of  sl umpi ng st r ai n f or mat i on i n 
l oess soi l s under  dynami c act i ons.

wher e: R

I . SOI L I NVESTI GATI ON

As t he i nvest i gat i on shows ( I vanov, - 1972) t he pr o 
per t i es of  l oose soi l s ar e st r ongl y i nf l uenced 
by t he shape and sur f ace char act er  of  soi l  par ­
t i cl es.  The f ol l owi ng par amet er s wer e used as 
numer i cal  char act er i st i cs of  par t i cl e shapes:  
r oundi ng coef f i ci ent s,  OC , spher i ci t y coef f i ci ­
ent s,  J3 , and shape coef f i ci ent s,  K . def i ned by 
t he f or mul as;  r ,

* *  ' - Kt £ , c - P
a cr i t i cal  r adi us i nscr i bed i nt o t he 
par t i cl e cont our ; r  -  a r adi us of  
al l  t he r est  ar eas of  a par t i cl e 
cont our ;  n — t he number  of  cont our  
ar eas;  a pr ot ect i on ar ea of
each par t i cl e;  GJi  -  a ci r cl e ar ea 
ci r cumscr i bed r ound a par t i cl e pr o­
j ect i on.

I n t he case of  i deal  sand par t i cl e shapes,  t hat  
i s smoot h spher es,  al l  t hese coef f i ci ent s ar e 
equal  t o 1.  I n or der  t o obt ai n mean car act er i s 
t i cs t he coef f i ci ent s wer e est i mat ed f or  a 
hundr ed par t i cl es of  a sand, maki ng t hei r  pho-  
t oes by means of  a mi cr oscope.

The ef f ect  of  par t i cl e shapes on t hei r  densi t y 
may be i l l ust r at ed by t he f ol l owi ng exampl es 
( Pi g. 1) .  I n const r uct i ng a ser i es of  l ar ge 
hydr aul i c f i l l s f i ne sands wer e appl i ed.  The 
sands had vi r t ual l y t he same gr ai n si ze di s­
t r i but i on but  i t  i s t hese di f f er ent  par t i cl e 
shapes t hanks t o whi ch suf f i ci ent l y di f f er ent  
val ues of  voi d r at i o of  aggr avat ed soi l s,  
var yi ng f r om 0, 62 f or  mor e r ounded Shul bi n 
sands up t o 0. 90 f or  ver y shar p- angl ed r ock 
soi l s ( t ai l s)  have been obt ai ned.  Char act er i s 
t i c coef f i ci ent s i n a dense ( £mi n)  and l oose 
( 6  max)  soi l  st at es ar e al so di spl aced.  The 
val ue of  densi t y degr ee ( D) . however , was pr ac­
t i cal l y t he same f or  al l  hydr aul i c f i l l s 
( 0. 40- 0. 46) . ,  Thus,  t he use of  t he same means 
of  under wat er  aggr adat i on as i t  shoul d be ex­
pect ed,  has r esul t ed i n t he same par t i cl e den­
si t y of  packi ng al ong t he ar ea of  aggr adat i on.
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Pi g. - I  Li mi t i ng Voi d Rat i o Var i at i ons ( 8 ) 
f or  Pi ne Gr ai ned Sands havi ng Var i ous Shape 

Coef f i ci ent s ( K) .
Bl ack ci r cl es i ndi cat e voi d r at i os obt ai ned 
dur i ng f i l l  aggr adat i on:  1 -  Shul bi n f i l l  on 
t he r i ver  I r t i sh;  2-  t he Vol ga hydr aul i c f i l l  
named af t er  V. I . Leni n on t he Vol ga r i ver ;

3 -  t he Br at sk f i l l  on t he r i ver  Angar a;
4 -  t he Kai r akkum f i l l  on t he Syr - Dar i a r i ver ;
5 -  t he Kr asnor echenski j  t ai l i ngs.

Wi t h t he i ncr ease of  r oundi ng and spher i ci t y 
soi l  par t i cl es i n l oose and dense soi l  packi ng 
as wel l  as dur i ng aggr adat i on ar e f i l l ed mor e 
compact l y. whi ch r esul t s i n t he decr ease of  
char act er i st i c voi d r at i os.  Ther ef or e at  t he 
one and t he same voi d r at i o, soi l s havi ng t he 
same gr ai n si ze di st r i but i on can have di f f e­
r ent  densi t y.  Thus i t  shoul d be emphasi zed t hat  
voi d r at i o and bul k wei ght , i n  par t i c ul ar ,  
c a n ’ t  be t ak en a: - char act er i st i c of  l oos e s oi l  

dens i t y .

The par t i cl e shapes and as a cosequence por e 
conf i gur at i ons of  soi l s essent i al l y af f ect  
t hei r  wat er  per meabi l i t y ( Pi g. 2 a) .  Par t i cl e
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shape exer t s st i l l  gr eat er  i nf l uence on st r en­
gt h char act er i st i cs of  l oose soi l s ( Pi g. 2 b) .

0.)

K  

f

Sm,

SCK

t  = 0 ,6 7

Pi g. 2 The ef f ect  of  t he Shape Coef f i ci ent  K
on t he f i l t r at i on coef f i ci ent  K_( a)  and 
t he angl e of  i nt er nal  f r i ct i on ( b)  
( number s on Fi gl ) .

I n a number  of  cases bi g por osi t y due t o a 
smal l  r oundi ng degr ee i n a par t i cl e shape may 
ser ve as an i ndi cat i on of  bi gger  soi l  st r engt h.  
Thus, f or  exampl e, t he Kai r akkum sand aggr adat ed 
at  a voi d r at i o equal  t o 0. 80 ( Fi g. 1)  and a 
bul k wei ght  equal  t o 1. 4-9 t / m3, exi bi t s gr eat er  
st r engt h ( i . e. has gr eat er  val ue of  , see 
Pi g 2 b)  and possesses mor e st abl e st r uct ur e 
under  dynami c act i ons t hanks t o t he angl ed 
shape as compar ed t o Shul bi n f i l l  sand aggr a­
dat ed at  a voi d r at i o equal  t o 0. 62 ( 1. 64- t / m3)  
and wi t h l ess st abl e st r uct ur e, composed of  r o­
unded par t i cl es appr oachi ng a spher i cal  shape.  
Ther ef or e,  as i t  may seem par adoxi cal  f or  con­
st r uct i ons i n a sei smi c r egi on, t he choi ce of  
Kai r akkum sand havi ng a l ess bul k wei ght  appe­
ar ed t o be mor e successf ul .

The ef f ect  of  densi t y degr ee on t he pr ocess of  
compact i on may be obser ved i n t he exper i ment s 
wi t h a st r uct ur e f ai l ur e due t o l i quef act i on 
and compact i on of  wat er - sat ur at ed sands under  
shock ef f ect s i n a shear - compr essi ve devi ce,  
pl aced on a vi br o- shock t abl e.  The t est  dat a 
anal ysi s shows t hat  f or  each densi t y degr ee of  
a soi l  ( except  D = 1)  t her e i s a cer t ai n cr i ­
t i cal  val ue of  i nt ensi t y shock ef f ect s at  whi ch 
t he st r uct ur e f ai l ur e and soi l  compact i on occur  
Wi t h t he i ncr ease of  t he shock i nt ensi t y. vol u­

me st r ai ns i ncr ease but  t o a def i ni t e l i mi t ,  
beyond whi ch,  f ur t her  i ncr ease of  i mpact  ( shock)  
ef f ect  i nt ensi t y sl i ght l y changes t he compact ­
i on val ue.  Thus, each i ni t i al  densi t y degr ee 
has i t s own cor r espondi ng l i mi t i ng maxi  mum 
f easi bl e val ue of  vol ume st r ai ns.  I n ot her

Pi g. 3 Li mi t i ng Var i at i ons of  t he densi t y 
degr ee ( AD)  dependi ng on t he 
i ni t i al  Val ue of  t he Densi t y Degr ee 
( D0) under  shock ef f ect s.

wor ds,  l i mi t i ng vol ume st r ai ns ar e def i ned 
onl y by t he i ni t i al  soi l  densi t y degr ee and 
t he soi l  st r uct ur e at  t he l i quef act i on due t o 
shock ef f ect s t r ansf or ms f r om one st at e i nt o 
anot her  onl y i n a cer t ai n manner .  The cur ves 
of  l i mi t i ng densi t y degr ee var i at i ons ( AD)  
f or  soi l s havi ng var i abl e gr ai n si ze di st r i bu­
t i ons pr act i cal l y coi nci de,  ( Pi g. 3, sands f r om 
f i ne gr ai ned t o coar se gr ai ned st r uct ur es)  
and ar e sat i sf act or i l y descr i bed by empi r i cal  
r el at i onshi p:  x 9

wher e X' 0 -  t he i ni t i al  densi t y degr ee.  Then,  
t he obt ai ned l i mi t i ng voi d r at i o ( 6 ) depend­
i ng on t he i ni t i al  val ue of  ( 60) wi l l  t ake 
on t he f or m of :

£  =  i - o — ~ £  wt vw)

Numer ous t est s usi ng pl at es wi t h vi br at i on l o­
ads as wel l  as st abi l omet er s wi t h i mpul si ve 
l oads have shown, t hat  i n a wi de r ange of  osci ­
l l at i on accel er at i ons ( up t o 1g)  t her e i s eve­
r y r eason t o consi der  t hat  st r engt h char act e­
r i st i cs of  l oose soi l s, t hat  i s t he angl e of  
i nt er nal  f r i ct i on, doesn’ t  change 1, 3 and i s 
equal  a st at i c angl e.

I I . TWO- LAYERED SOI L FOUNDATI ON

Thi s f oundat i on consi st s of  t he upper  sedi men­
t ar y l ayer  and a r i gi d r ock.  The f al l i ng 
wei ght  causes a wavg f i el d whi ch may be bey­
ond el ast i c l i mi t , now i n soi l  f oundat i on t he 
el ast i c and pl ast i c waves ar i se.  These waves 
pr opagat e wi t h di f f er ent  vel oci t i es.  The pr o­
bl em i s compl i cat ed because t he wave f i el d i n 
l ayer ed soi l  depends upon t he r ef l ect i on of  
st r ess waves f r om t he el ast i c r ock f oundat i on 
and of  t he waves i nt er act i ons.  For  sol ut i on 
of  t hi s dynami c pr obl em i s used t he met hod of  
waves net s el abor at ed bef or e f or  asei smi c de­
si gn of  t he st r uct ur es ( Si ni t si n 1967| 1975) «
At  f i r st  t he condi t i ons of  l ongi t udi nal  wave 
pr opagat i on near  t he poi nt  of  bl ow st r i ke ar e 
i nvest i gat ed.  The bl ow i s f ul f i l l ed by t hr o­
wi ng down . l oad f r om a gi ven hei ght .  Dur i ng 
t he ener gy t r ansmi ssi on f r om t he f al l i ng l oad 
t o t he f oundat i on t he compact i on of  t he soi l  
and t he pl ast i c ar eas i s f or med and t he vel o­

ci t y of  t he waves i n t he ar eas i s changed.
The pl ast i c waves have much l ower  vel oci t y 
t han t he el ast i c The si mpl e net s may be obt a-
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i ned f or  el ast i c waves because t hei r  pr opagat i ­
on vel oci t y depends upon t he el ast i ci t y modul  
of  t he f oundat i on and of  t he densi t y of  t he 
soi l .  These waves ar e r ef l ect ed f r om r ock f oun­
dat i on and t he r ef l ect i on coef f i ci ent  i s a f un­
ct i on of  t i me.  Taki ng i nt o consi der at i on t he 
condi t i ons of t  t he cont act  pl ane as t he equal i ­
t y of  par t i cl e vel oci t i es on t he boundar y of  
t he sof t  upper  l ayer  and r ock f oundat i on t he 
f or mul a (1 j  f or  r ef l ect i on coef f i ci ent  i a ob-

■ f j  
k w   ̂ ^  — m.

pr eser vat i on:
<3 4 -

< a c o

( 1 )

o r 4-
7 1 S'o - densi t y

of  sof t  l ayer ;  c0- vel oci t y of  i nci dent  wave;  
t j j  uni t  r eact i on of  r ock;  m - mass of  r ock uni t .  
For  t he r i gi d r ock K=2 as " W = 0 and oC=0. The 
i nf l uence of  r ock def or mabi l i t y causes t hat  
t he r ef l ect i on coef f i ci ent  at  t he begi nni ng 
of  t he mot i on shoul d be l ess t han t wo,  but  
af t er  si n shoul d be negat i ve t he i t em i n br a­
cket s of  f or mul a ( 1)  i s gr eat er  t han uni t ,  and 
t he coef f i ci ent  i s gr eat er  t han t wo.  As a r e­
sul t  t he pr essur e i n t he r ef l ect ed wave i ncr e­
ases and t wo waves ar i se t her e -  el ast i c and 
pl ast i c.  The pl ast i c wave f al l s behi nd t he 
el ast i c one.  I f  on t he cont act  pl ane bet ween 
f al l i ng l oad and f oundat i on t he pr essur e i s 
gr eat  t han i n t he l ayer  t he t wo waves pr opa­
gat e at  once.  Ahead i s t he el ast i c wave and 
beyond i t  i s t he pl ast i c wave whi ch has gr ea­
t er  pr essur es t han el ast i c wave.  Af t er  r ef l ec­
t i on t he i nt er act i on bet ween t hese waves ar i se.  
The pr essur e on t he cont act  pl ane bet ween f al ­
l i ng l oad and soi l  i s di st r i but ed i r r agul ar l y.  
For  covex cont act  sur f ace t he pr essur e i nt en­
si t y i s i ncr easi ng t o t he symmet r y axi s, but  
f or  pl ane sur f ace t he i nt ensi t y i ncr eases t o 
t he bor der s.  The di agr am of  pr essur e di st r i bu­
t i on on t he cont act  sur f ace depends on t he phy­
si que soi l  par amet er s t oo.  For  t he sat ur at ed 
soi l  t he pr essur e di agr am smoot hes out .  The 
bl ow of  gr eat  i nt ensi t y causes f or mat i on of  a 
compact ed l ayer  wi t h a hi gher  wave vel oci t y,  
now t he di st or t i on of  t he waves pr opagat i on 
beam on t he x- t  pl ane t akes pl ace.  The physi ­
cal  par amet er s of  sof t  soi l  l ayer  on whi ch t he 
bl ow i s done may be appr oxi mat el y pr esent ed 
by a t hr eel i near  di agr am ( Fi g. 4-).  The par t  OA 
of  di agr am bel ongs t o t he el ast i c condi t i ons 
of  t he l ayer .  The par t  AB descr i bes t r ansi t i on 
beyond el ast i c l i mi t , now t he def or mat i on modul  
decr eases r api dl y and t he pl ast i c waves ar i se,  
but  t he unl oadi ng goes wi t h el ast i c l aw.  I f  
t he i nt ensi t y of  t he bl ow i s gr eat  t he compac­
t i on of  soi l  ar i ses.  On t he par t  BC of  di agr am 
t he soi l  def or mat i on modul  i ncr eases.  I n l i mi t  
case t he par t  BC shoul d be ver t i cal  and t he 
har deni ng of  t he upper  l ayer  of  t he soi l  appe­
ar s.  The f ol l owi ng t hr ee cases ar i ^e ag a r e­
sul t  of  t he st r ess val ues:  1)  I f  o X  i n t he 
l ayer  pr opagat es t he el ast i c wave onl y wi t h 
vel oci t y c<> . 2) I f  6 *  < ( T<6f l t l l ere ar e t wo 
waves -  t he el ast i c and t he pl ast i c whi ch have 
vel oei t y c , 3)  I f  G * >  6^  »t han t he com­
pact i on wave ar i ses and pr opagat es wi t h hi gh 
vel oci t y C e and t he densi t y of  soi l  i ncr ea­
ses On t hi s par t  of  a di agr am t hcr «ar e 
t wo cases:  a)  Cc <  <-c and ahead of  compact i on 
f r ont  t he el ast i c wave pr opagat es;  b) i f  Ce> Co 
t ht f r ei s no el ast i c wave.  The l i mi t  pr essur e

whi ch t he el ast i c wave i s absent  may 
be obt ai ned by usi ng t he equat i on of  mass

( * <  >
( Z  l

Fi g. 4 Scheme of  waves pr opagat i on.  
The el ast i c and pl ast i c waves pr opagat i on i s 
st udi ed bef or e and may be used her e t oo. Uor e 
det ai l ed i nvest i gat i ons shoul d be f ul f i l l ed 
f or  compact i on l ayer  when t he pr essur e on soi l  
sur f ace p( t )  and t he par t  BC of  di agr am shoul d 
be ver t i cal .  The equat i on of  mot i on i s:

Equat i on ( 3)  i s nonl i near  and t he sol ut i on i s 
obt ai ned by some si mpl i f i cat i ons.  The pr essu­
r e of  f al l i ng l oad i s t r ansmi t t ed t o t he soi l  
so t hat  t he maxi mum p ar i ses r api dl y and t han 
t he pr essur e decr eases.  As a r esul t  t he super ­
sound vel oci t y C i n compact ed l ayer  decr eases 
t o b = C and f r om t hi s equat i on t he t i me va­
l ue t =t  i s cal cul at ed by whi ch t he super soun-  
di ng mot i on i s f i ni shed.  The t hi ckness of  com­
pact ed l ayer  i s obt ai ned by f or mul a (4-):

« e « V

Jo^o

a  o .z  o A  0.6 0.6 * /?  o

Fi g. 5 Scheme of  compact i on.  Fi g. 6 Scheme
of  waves.

Scheme of  compact i on f r ont  mot i on and separ a­
t i on of  di f f er ent  ar eas i s shown i n Fi g. 5 f or  
sandy l ayer  wi t h f ol l owi ng dat a:  = J

Of o  ; £ = 0 i o  ;  J h * - - o y s

By t he super soundi ng mot i on i s t r ans­
f or med t o soundi ng and t he t hi ckness of  com­
pact ed l ayer  i s i f  t her e 
i s t he el ast i c wave onl y. For  i nvest i gat i on
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of  waves i nt er act i on t he wave net s on I  -  t  
pl ane ar e dr awn.  Ther e i s a mor e i nt er est i ng 
case when t he el ast i c wave meet s t he pl ast i c 
as i t  i s Bhown i n Fi g. 6.  The. st r esses change:  
i n el ast i c wgve f r om 6e t ô o, , ;  i n pl ast i c wave 
f r om 6at oj 3o~;  and o C < l J 1 . I nt er act i on of  

t he waves begi ns at  poi nt  A and t her e ar e t wo 
char act er i st i cs:  AC has i ncl i nat i on of  el ast i c 
wave and AB -  i ncl i nat i on of  pl ast i c wave. Pr om 
poi nt s B and C t her e ar e t wo char act er i st i cs 
of  el ast i c wave.
The cont our s P -  Q and R -  S ar e used f or  eva­
l uat i on of  par t i cl e vel oci t i es i n poi nt s Q and
S by f ol mul a ( 5) :  s '

( 5)
\  0 J r  j  '

By compar i ng l ^t oÛ -  and T^ t oV*  t her e i s t he 
f or mul a ( 6)  f or  cal cul at i on of  st r ess o, ,  i n 
t he waves whi ch pr opagat e f r om ar ea of  el ast i c 
and pl ast i c waves i nt er act i ons.

( 6 )

When t he el ast i c wave r uns agai nst  a pl ast i c 
wave t he i nner  r ef l ect i on ef f ect  occur s and i n 
st r ai ght  di r ect i on a weaken pl ast i c wave i s pr o 
pagat ed and t her e ar e^ f ol l owi ng st r esses:

( 7)

The wave net  i s now est abl i shed f or  p( t ) =3^  
f r om t he f al l i ng l oad and i s di st r i but ed equal ­
l y on t he sur f ase pl ane, as i t  i s shown i n Fi g7.

Thi s pr essur e act ed dur i ng t i me i nt er val ^and 
t han t he unl oadi ng goes on and t he pr essur e on 
t he boundar y of  t he l ayer  i s equal  t o ni l .
Pr om poi nt  A ( Pi g. 4)  t her e ar e pr opagat ed t wo 
wavesj .  The wave AB has vel oci t y C0and t he pr es 
sur ec£=1.  The wave AD i s a pl ast i c one and has 
vel oci t y C=0. 25 Co but  t he pr essur e i n t hi s 
wave i s . I n poi nt  B t he
el ast i c wave i s r ef l ect ed f r om r ock f oundat i on 
and t he pr essur e t her e i s i ncr easi ng t o

+ p  now upwar ds i s pr opagat ed a
pl ast i c“wave.  At  poi nt  C af t er  t i me i nt er val  
T ' f r om cont act  sur f ace of  f al l i ng l oad t her e 
i s pr opagat ed t he unl oadi ng wave wi t h vel oci t y 
C0 . At  poi nt  E t he unl oadi ng wave cat ches up 
wi t h t he pl ast i c wave and ay r esul t  of  i nt er ac­
t i on of  waves i s weakeni ng of  pr essur e “Ji n pl a 
st i c wave 6^ = l , 2o^Fr om sqgme i t  i s cl ear  
t hat  t he pl ast i c ar ea i n upper  l ayer  of  t he 
soi l  i s devel oped gr adual l y and occupi es t he 
upper  par t  of  t he l ayer  wi t h dept h l ess t hen 
one hal f  of  t he l ayer  t hi ckness as i t  i s shown 
i n Pi g. 4.  The f or mat i on of  pl aBt i c ar ea i n a 
soi l  l ayer  as i t  i s cl ear  f r om wave net , i n ge­
ner al  . depends on l ongi t udi nal  waves as t he ve­
l oci t y of  t hese waves i s gr eat er  t han t he vel o 
ci t y of  t r ansver se waves.  The det ai l ed anal y ­

si s of  wave net s dr awn so as on Fi g. 2 f° r  a l a­
yer  of  smal l  t hi ckness t he pl ast i c ar eas ar i se 
si mul t aneousl y as near  of  t he bl ow poi nt  as on 
t he boundar y of  r ock f oundat i on.  But  t he wi dt h 
of  pl ast i c ar ea on t he r ock i s mor e gr eat er  as 
near  t o t he bl ow poi nt .  I n t he cour se of  t i me 
when t he bl ow dur at i on i s l ar ge t he t wo pl as­
t i c ar eas dr awn t oget her  and f or m an ar ea l i ke 
a cone wi t h cut t i ng of  head.  I f  t he soi l  Thi ck 
ness i s l ar ge t he i nf l uence of  r ef l ect i ons 
f r om r ock f oundat i on decr eases and a spher i cal  
pl ast i c ar ea ar i ses near  bl ow poi nt .

I I I .  LOESS SOI L

The dat a of  t he macr osei smi c i nvest i gat i ons of  
t he ear t hquake consequences i n l oess devel op­
ment  r egi ons as wel l  as t he r esul t s of  numer o­
us l abor at or y t est s at  dynami c l oads have shown 
t hat  under  def i ni t e condi t i ons t he dynami c 
l oads cause changes of  l oess soi l  def or mat i on.  
The above ment i oned changes t he soi l  pr oper t i es 
( moi st ur e. densi t y and t her ef or e dynami c l oad 
par amet er s : f r equency, ampl i t ude)  and i n some 
cases t hey can r each such val ues t ake t hem i nt o 
acount  whi l e desi gni ng of  bui l di ngs and const ­
r uct i ons i n sei smi c r egi ons.
The br anch has wor ked out  i nvest i gat i ons of  
char act er i st i cs f or  cycl i c l oads whi ch al l ow 
t o appr oxi mat e t he col l apse def or mat i on devel op 
ment  by cycl i c l oads.

Di f f er ent  met hods of  appl yi ng of  cycl i ng l o­
ads and t he devel opment  of  t he col l apse def or ­
mat i ons di spl ay as wel l  as af t er  st abi l i sat i on 
of  col l apse def or mat i on and t he wi de r ange of  
soi l  col l apse char act er i st i cs and cl ear  out  
t hei r  i nf l uense on t he addi t i onal  def or mat i on.
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