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S c a l e  M o d e l  T e s t s  o f  t h e  D y n a m i c a l  S t a b i l i t y  o f  S a t u r a t e d  S a n d

Interprétation des essais sur modèles de la stabilité dynamique du sable saturé

by  Z . B à z a n t  J r . ,  P ro fe s so r  o f  F o u n d a tio n  E n g in ee rin g , T e ch n . U n iv e rs ity , P ra g u e , C z e ch o s lo v ak ia

Summary

Scale model tests o f  the dynamical stability of sand slopes are 
expressed in a form not susceptible to dimensional analysis. 
The author suggests dimensionless factors which may be computed 
from measured data. The data from three examples o f dynamical 
stability show applications o f this method.

Sommaire

Les essais sur modèles de la stabilité dynam ique des talus de 
sable sont souvent exprimés sous une forme non compatible 
avec les résultats de l’analyse dimensionnelle. L’auteur propose 
les variables sans dimensions, à faire intervenir dans l’interpréta
tion des résultats des mesures. Les Figs 2, 3 et 4 donnent l’appli
cation de sa méthode à  trois cas expérimentaux.

Dimensional Analysis

T he au th o r regards the dynam ical s tab ility  o f  sa tu ra ted  

sand as a  problem  o f  equilibrium  in tw o dim ensions. D y n a

mical stab ility  is the  stab ility  o f sand exposed to  v ib ra tion , 

e ither n a tu ra l (by  ea rthquake) o r  artificial (by  m achinery  o r 

explosives). H e considers th a t a  sand is dynam ically  stable 

when its density  is such th a t there is n o  m easurable settlem ent 

o f  the  surface under v ibra tion . T he p roblem  o f  dynam ical 

stab ility  is v ital fo r the so lu tion  o f  stab ility  o f  slopes o f 

various kinds, e.g. upstream  slopes o r  ea rth  dam s, slopes o f  

irrigation  canals and  subsoil beneath m achine foundations. 

D ynam ical stab ility  being governed  b y  to o  m any  variables, it 

can n o t be determ ined by analysis, and  the  au th o r has therefore 

suggested scale m odel tests. In te rp re ta tion  o f  m odel tests 

dem ands a  know ledge o f  factors to  be m easured and  scale 

m odel law s to  be fulfilled.

Let us assum e the general case o f  dynam ical s tab ility  o f  

slope ab o f  sa tu ra ted  sand th rough  which w ater flows. T he 

stab ility  m ay  be expressed by the function  (F ig. 1).

Fig. 1 D iagram of arguments considered in stability analysis. 

Schéma des variables considérées dans l’étude de la 
stabilité.

/ (<?» Yf» Y»-* './> B ,  k> A x, A v, n ,  t, p )  = 0 (1)

9  denotes angle o f  internal friction  o f  sa tu ra ted  sand , u n it 

weight o f  com bined soil and  w ater, y w un it weight o f  w ater, 

ix, iy com ponen ts o f  hydrau lic  gradient o f  seepage a t  the 

surface o f  sand  a t a  critical p o in t, which m ay  be supposed 

o n  the  surface o f  the upper th ird  o f  a  slope, H  is the height 

o f  slope ab, B  the horizon tal pro jection  o f  slope ab, k  the

coefficient o f  perm eability  o f  sand , an d  p  the pressure p ro 

duced b y  static surface surcharge, A x an d  A u a re  com ponents 

o f  am plitude o f  v ib ra tion , n  frequency o f  v ib ra tion , t the 

tim e elapsed from  the beginning o f v ib ra tion  to  the failure 

o f dynam ical s tab ility  (settlem ent o f  slope) o r the tim e requi

red to  v ib ra te  the  w hole m ass o f  sand.

In equa tion  (1) sand  is assum ed to  be subjected to  v ib ra tion  

over its w hole m ass and  therefore dam ping m ay  be neglected. 

T he hydraulic  gradients ix, i y represent g radients o f  dyna

mical seepage, w hich is produced by the com bined  effects 

o f  v ibra tion  and  grav itation . V ibration  seepage occurs a t 

the beginning o f  v ibra tion  o f  sand, when porosity  decreases 

and  w ater is squeezed o u t o f  the p o re s ; th is effect is n o t 

norm ally  observed ow ing to  its relatively  g reat velocity. 

D ynam ical seepage m ay  be defined as  seepage caused b y  

v ib ra tion  alone.

Eq. (1) we reduce to  dim ensionless form  :

f ( —i , 7t2, ......... “ 10) =  0

w here “  denotes a  dim ensionless factor.

A pply ing  d im ensional analysis to  the m ethod previously  

used by the au th o r ( B a z a n t , J r ., 1957) we ob ta in  the  function  :

/  9 . / , .  L \  1 l , " ,  " ,  d s ,  \  0  .... (2)J  . Y .  X ' ; y 1 ,  > I » .  » » > A I '  '
B A , k t  A , A r/Y .1

The unknow n function /  in equa tion  (2) is found by m odel 

tests.

Model Laws

M odel tests will co rrec tly  reveal w hat occurs a t full scale 

if m odel laws are obeyed. W e can  choose three scales o f  

reduction  : force 1 : X, length 1 : X and  tim e 1 : t . Thence 

we can  com pute m odel laws from  the cond ition  th a t sim ilitude 

exists when dim ensionless factors o f  m odel and  p ro to type  

are equal.

F rom  analysis it follows tha t scale model laws require geo

m etric sim ilarity  o f  length and seepage 1 : X an d  reduction 

o f  tim e 1 : t .  Coefficient o f perm eability  should  be changed 

in the  ra tio  1 ; (X /t). W e use the sam e sand in the scale m odel 

and  in the p ro to type , so  th a t k 1 =  k 2, values w hich can  be 

ob ta ined  on ly  w hen X =  t .  T he pressure on  surface o f  slope 

should  be changed in ra tio  1 : X. T he am plitude shou ld  be 

decreased by th e  ra tio  1 : X and frequency increased t  : 1,
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Tests are  n o t available fo r p rovid ing  a  solution in accor

dance w ith equa tion  2. O nly  results fo r simplified cases are 

know n. N evertheless, these d a ta  a re  com m only  published in 

dim ensional form , n o t su itab le fo r practical use, an d  further

m ore the  necessary m easurem ents a re  often neglected. T he 

au th o r has derived  functions from  dim ensional analysis 

fo r in terp reting  tests results, and  suggested charts  which 

m ay  be used as guidance fo r tests. I t is necessary to  em phasize 

tha t the dynam ical behaviour o f  each sand m ay  be very 

different. Therefore, it has besn necessary to  test each sand 

separately  and  thus ob ta in  app rop ria te  da ta  o f its dynam ical 

stability . I t is n o t possible to  consider Figs. 2 to  4  as general 

rules fo r all sands.

Results of Model Tests

4 l .

k t

(3)

D ynam ical stab ility  o f  sa tu ra ted  sand w as m easured after 

the m ethod o f  N .N . M aslov and defined as  acceleration  o f 

vibration  w hich is n o t producing  m easurable settlem ent o f 

sand. F rom  published results it is possible to  com pute dim en- 

sionless argum ents and  to  p lo t Fig. 2. T he sand from  the 

river V olga near S talingrad had 9  =  38°, y tl y w =  1-96, 

R d =  0- 2, k  =  2.10- 2 cm /s. G ra in  size was m edium  

(£>50 =  0-3 m m ), surface o f  the  grains was rough, and  their 

shape was angular.

T he effect o f  inc lina tion  o f  v ibra tion  on  sand w ith ho ri

zon tal surface w ithout seepage was studied again by N .T . V a

l ish e v  (1959). The au th o r suggests the following m ethod 

for in terp reting  the results o f the tests by  sim plifying equa tion  

(2) as follows :

Yi A  x A y A xn \  

9  ’ y „  ’ k t ’ A x ’ k  ;
=  0 (4)

T he results o f  tests are  p lo tted  in Fig. 3. T he sand (beach 

o f  Sestroreck by  L eningrad) had  9  =  34°, y tf y w =  I -94, 

R d =  Q‘2, k  =  4.10“ 2 cm /s. G rain s  were o f  m edium  size 

(Z>50 =  0-37 m m ), with a  rough surface and  angu lar shape. 

The am plitude during  the tests was m ain ta ined  a t 0-3 m m , 

w hich m eans th a t the  shape o f  the lines in Fig. 3 can  on ly

be guessed. F o r  lim iting case A y =  0 the line w as derived 

after Fig. 2.

Test results fo r horizontally  v ibrating slope w ithout seepage 

were published b y  P.A . G r is h in  (1958). T he au th o r has 

suggested th a t his results can be treated  in  the  following 

m anner by  sym plifying equa tion  (2) as  follows :

1 V Y , /  B' A x

A x n \

k
=  0 (5)

E qua tion  (5) show s th a t dynam ical s tab ility  depends on  

the  height o f  the  slope. T he sand used was fine (£>50 =  0-18 mm ) 

with a rough  surface and  angu lar shape. The estim ated  results 

are  given in Fig. 4.
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Fig. 2 Horizontal vibration o f saturated sand with horizontal 
surface and surcharge.

Vibration horizontale du sable saturé á  surface libre 
h o riz o n ta l avec surcharge.

Tests results fo r horizontal surface o f  satu ra ted  sand with 

surcharge, horizontal v ib ra tion  and w ithout seepage were 

published by  N .T . Va l is h e v  (1959). T he au th o r suggests 

in terp reta tion  o f  his results as follows. E quation  (2) can  be 

simplified to  the function :
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Fig. 3 Inclined vibration o f saturated sand with horizontal 
surface.

Vibration inclinée du sable saturé avec surface libre 
horizontale.

Fig. 4 Horizontal vibration o f saturated sand slope.

Vibration horizontale d’un talus de sable saturé.

T he au th o r also  suggests the function o f  s tab ility  fo r v ib ra

ting  slope w ith  surcharge but w ithou t seepage. F o r uni

d irectional horizon tal v ib ra tion  A x the resulting  dim ension- 

less function  is :

Y/

Yw

H  H

’ B '  A  '
± 1  , _ L _ \  =  0 

k  H i  ,B¡
(6)

w hich it is possible to  p lo t w ith coord inates (A x)}kt, (A xn)jk  

and  w ith H I(A ^)  as  the  system  o f  curves, 9 , y t/ y w, H IB , 

p l( H y w) being constan ts . T he stab ility  depends as in the 

prev ious case on  the  height o f  slope, and is im proved by  

the  influence o f  surcharge.
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