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Characteristics of Soils at Cyclic and Shock Loads
Caractéristiques des Sols du Cycliques et Choc Charges
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Dr’s, Scs. Professors, Gosstroy SSSR, Moscow, USSR

In the first part writtem by Ivanov it has been shown that the shape of soil par-

ticles has.essential influence on compaction and strength of sandy soils. In & wide range of shock
and impulsive effects,strength characteristics of soils practically do mot change but plate dis-
placements and strains of the soil in & sub-limiting state substamtially increase.

The second part written by Sinitsin deals with the solutiom of a dynamic problem of the two-layer-
fouﬂdttlnp stress state due to the actions of a falling load. The solution of the problem has

been ob?alned by the method of wave nets taking into account the formation of plastic regionm,the
reflec?lon of gtress waves from the clastic rock foundation as well as wavce imteractioms effect.

The third part writtem by Musaelyan is devoted to the features of slumping strain formation in

loess s80ils under dynamic actioms.

I1.S0IL INVESTIGATION

As the investigation shows (Ivanov,1972)the pro
perties of loose soils are sirongly influenced
by the shape and surface character of soil par-
ticles. The following parameters were used as
numerical characteristics of particle shapes:
rounding coefficients, OC ,sphericity coeffici-

ents, 3 ,and shape coefficients, K ,defined by
the fognulas: =
LT - Wip 0 - ﬁ
=ik 5 P L K=o

where: R = & critical radius inscribed into the
particle contour;r - a radius of
all the rest arcas of a particle
contour; n - the number of contour
areas; (Wp- & protection area of
cach particle; (Jp - & circle area
circumscribed round & particle pro-
jection.

In the case of ideal sand particle shapes, that
is amooth sphercs, all these coefficicnts are
equal to 1. In order to obtain mean caracteris
tice the coefficients were estimated for a
bundred particles of a sand,meking their pho-
toes by means of a microscope.

The effect of particle shapes on their density
may be illustrated by the following examples
(Fig.1). In constructing a series of large
hydraulic fills fine sands were applied. The
sands had virtually the same grain size dis-
tribution but it is these different particle
shapes thanks to which sufficiently different
values of void ratio of aggradated sotls,
varying from 0,62 for more rounded Shulbin
sands up to 0.90 for very sharp-engled rock
soils (tails) have been obtained. Characteris
tic coefficients in & dense (&€ min) and loose
( € max) soil states are also displaced. The
value of density degree (D),however,was prac-—
tically the same for all hydraulic fills
(0.40-0.46) . Thus, the use of the same means
of underwater aggradation as it should be ex-
pected, has resulted in the same particle den-
sity of packing along the area of aggradetion.
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Fig.1 Limiting Void Ratio Variations ( &)

for Pine Grained Sends having Various Shape
Coefficients (K).

Black circles indicate void ratios obtained

during fill aggradetion: 1 = Shulbin fill on

the river Irtish; 2- the Volga hydraulic fill

nemed after V.I.Lenin on the Volga river;

3 - the Bratsk fill on the river Angara;

4 - the Kairakkum fill on the Syr-Daria river;

5 - the Krasnorechenskij tailings.

With the increase of rounding and sphericity
soil particles in loose and dense soil packing
as well as during aggradation are filled more
compactly,which results in the decrease of
characteristic void ratios. Therefore at the
one and the same void ratio,soils having the
same grain size distribution can have diffe-
rent density. Thus it should be emphasized that
void ratio and bulk weight,in particuler,
can't be %aken ev characteristic of loose soil
density.

The particle shapes and as a coseguence pore
configurations of soils essentially affect
their water permeability (Fig.2 a). Particle
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shape exerts still greater influence on stren-
gth characteristics of loose soils (Fig.2 b).

o ——
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Fig.2 The effect of the Shape Coefficient K
on the filtration coefficient K.(a) and
the angle of internal friction IQ (v)
(numbers on Figil).
In a number of cases big porosity due to a
small rounding degree in a particle shape may
serve as an indication of bigger soil strength.
Thus,for example,the Kairakkum sand aggradated
at a void ratio equal to 0.80 (Fig.1) and a
bulk weight equal to 1.49 t/m3,exibits greater
strength (i.e.has greater value of @ ,see
Fig 2 b) and possesses more stable structure
under dynamic actions thanks to the angled
shape as compared to Shulbin fill sand aggra-
dated at a void ratio equal to 0.62 (1.64t/m3)
and with less stable structure,composed of ro-
unded particles approaching a spherical shape.
Therefore, as it may seem paradoxical for con-
structions in a seismic region,the choice of
Kairgkkum sand having a less bulk weight appe-
ared to be more successful.

The effect of density degree on the process of
compaction may be observed in the experiments
with a structure failure due to liquefaction
and compaction of water-saturated sands under
shock effects in a shear-compressive device,
Placed on a vibro-shock table. The test data
analysis shows that for each density degree of
a 80il (except D = 1) there is a certain cri-

tical value of intensity shock effects at which

the structure failure and soil compaction occur
With the increase of the #hock intensity,volu-
me strains increase but to a definite limit,

beyond which, further increase of impact (shock)

effect intensity slightly changes the compact-
ion value. Thus,each initial density degree
has its own corrcsponding limiting maximum
feasible value of volume strains. In other
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Fig.3 Limiting Variations of the density
degree ( A D) depending on the
initial Value of the Density Degree
(D,) under shock effects.

words, limiting volume strains are defined
only by the initial soil density degree and
the soil structure at the liquefaction due to
shock effects transforms from one state into
another only in a certain manner. The curves
of limiting density degree variations ( A D)
for soils having variable grain size distribu-
tions practically coincide, (Fig.3,sands from
fine grained to coarse grained structures)
and are satisfactorily described by empirical
relationship: y . 9

AD = O.bb (1 —Do/
where Do- the initial density degree. Then,
the obtained limiting void ratio ( & ) depend-
ing on the initial value of ( €,) will take
on the form of:

€= Ea"czﬂhwx_' EVMbM)Al:)
Numerous tests using plates with vibration lo-
ads as well as stabilometers with impulsive
loads have shown,that in a wide range of osci-
llation accelerations (up to 1g) there is eve-
ry reason to consider that strength characte-
ristics of loose soils,that is the angle of
internal friction,doesn't change 1,3 and is
equal a static angle.

II.TWO-LAYERED SOIL FOUNDATION

This foundation consists of the upper sedimen-
tary layer and a rigid rock. The falling
weight causes a wave field which may be bey-
ond elastic limit,now in soil foundation the
elastic and plastic waves arise. These waves
propagate with different velocities. The pro-
blem is complicated because the wave field in
layered soil depends upon the reflection of
gtress waves from the elastic rock foundation
and of the waves interactions. For solution
of this dynmamic problem is used the method of
waves nets elaborated before for aseimmic de-
sign of the structures (Sinitsin 1967,1975).
At first the conditions of longitudinal wave
propaegation near the point of blow strike are
investigated. The blow is fulfilled by thro-
wing down load from a given height. During
the energy transmission from the falling load
to the foundation the compaction of the soil
and the plastic areas is formed and the velo-
city of the waves in the areas is changed.
The plastic waves have much lower velocity
than the elastic The simple nets may be obta-



ined for elastic waves because their propagati-
on velocity depends upon the elasticity modul
of the foundation and of the density of the
80il, These waves are reflected from rock foun-
dation and the reflection coefficient is a fun-
ction of time. Taking into consideration the
conditions ofA the contact plane as the equali-
ty of particle velocities on the boundary of
the soft upper layer and rock foundation the
formula (1 , for reflectign coefficient is ob-
tained: -,
K=2(1=-F £ sineyt) G
3.0 1y R

“:5_"_3' -___/_I_.'CJ"': w_CSC

Q | 22V C*r 1227 Ty j% -density
of soft layer; c,-velocity of incident wave;
r; upit reaction of rock; m -mass of rock unit.
For the rigid rock K=2 as ™ = O and 0(=0. The
influence of rock deformability causes that
the reflection coefficient at the beginning
of the motion should be less than two, but
after sin should be negative the item in bra-
ckets of formula (1) is greater than unit, and
the coefficient is greater than two. As a re-
sult the pressure in the reflected wave incre-
ages and two waves arise there - elastic and
plastic. The plastic wave falls behind the
elastic one. If on the contact plane between
falling load end foundation the pressure is
great than in the layer the two waves propa-
gate at once. Ahead is the elastic wave and
beyond it is the plastic wave which has grea-
ter pressures than elastic wave. After reflec-
tion the interaction between these waves arise.
The pressure on the contact plane between fal-
ling load and soil is distributed irragularly.
For covex contact surface the pressure inten-
g8ity is increasing to the symmetry axis,but
for plane surface the intensity increases to
the borders. The diagram of pressure distribu-
tion on the contact surface depends on the phy-
sique so0il parameters too. For the saturated
801l the pressure diagram smoothes out. The
blow of great intensity causes formation of a
compacted layer with a higher wave velocity,
now the distortion of the waves propagation
beam on the x-t plane takes place. The physi-
cal parameters of soft soil layer on which the
blow is done may be approximately presented
by a threelinear diagram (Fig.4). The part OA
of diagram belongs to the elastic conditions
of the layer. The part AB describes transition
beyond elastic limit,now the deformation modul
decreases rapidly and the plastic waves arise,
but the unloading goes with elastic law. If
the intensity of the blow is great the compac-
tion of s0il arises. On the part BC of diagram
the s0il deformation modul increases., In limit
case the part BC should be vertical and the
herdening of the upper layer of the soil appe-
ars. The following three cases arige a re-
sult of the stress values: 1) If OK O4 in the
layer propagates the elastic wave only with
velocity Co .2)If 6, < 6O there are two
waves - the elastic and the plastic which have
velogity C,<C_3) If 6 > 6‘; ,than the com-
paction wave arises and propagates with high
velocity Ce and the density of soil increa-
ses ch » On this part of a diagram therzare
two cases: a) C. < ¢_and ahead of compaction
front the elastic wave propagates; b)if C>C,
thereis no elastic wave. The limit pressure

e )x by which the elastic wave is absent may
be obtained by using the equation of mass
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Fig.4 Scheme of waves propagation.
The elastic and plastic waves propagation is
studied before and may be used here too.More
detailed investigations should be fulfilled
for compaction layer when the pressure on soil
surface p(t) and the part BC of diagram should
be verticel. The equation of motion is:

Selteni]s pé) G(?,, )
2-u=(1-& )% ; u=EZ 95:90(1-85);?455—: &

Equation (3) is nonlinear and the solution is
obtained by some simplifications. The pressu-
re of falling load is tranemitted to the soil
so that the meximum p_ arises rapidly and than
the pressure decreaseB. As & result the super-
gound velocity C_, in compacted layer decreases
to € = C_ and from this equation the time va-
lue t=t_"is calculated by which the supersoun-
ding motion is finished. The thickness of com-
pacted layer is obzained by formula (4):
s

Z.‘::ccts_i u-."h.
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Fig.5 Scheme of compaction. Fig.6 Scheme
of waves.
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Scheme of compaction front motion and separa-
tion of different areas is shown in Fig.5 ﬁy;

sandy layer with following data: pt)=p (I~ )
€ ~ . - . ," X ~
For080; 2010 5 L= ys
By ts=0%% the supersounding motion is trans-
formed to soundi and the thicknqu of com-
pacted layer is 5= if ts> 087 there
is the elastic wave oniy.For investigation
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of waves interaction the wave nets on x - t
plane are drawn. There is a more intercsting
case when the elastic wave meets the plastic
as it is shown in PFig,6. The.stresses change:
in elgstic_wave from 5. tox(Gy; in plastic wave
from 6,t030,; and (<1 B> 1.Interaction of
the waves begins at point A and there are two
characteristics: AC has inclination of elastic
wave and AB - inclination of plastic wave.From
points B and C there are two characteristics
of elastic wave.
The contours P - Q and R - S are used for eva-
luation of particle velocities in points Q and
S by folmula (5): ol "

& Lh a

U' U+LAF5' and LS-'U:(“JR&C 6))
By comparing VgqtoTs and Uﬂto V4 there ig_the
formula (6) for ca culatlon of stress O,, in
the waves which propagate from area of elastic
and plastic waves interactions.

=g[@e-ne(p-E-flE @

When the elastic wave runs against a plastic
wave the inner reflaction effect occurs and in
straight direction a weaken plastic wave is pro
pagated and there are following stresses:

(% -LP o @
(*qe L) e
The wave net is now established for p(t)= 367
from the falling load and is distributed equal—
ly on the surfase plane as it is shown in Fig?.
p(t)=36G

9;uuMu ¢
lea

ﬂ m
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C

Fig.? The wave net. T

This pressure acted during time interval ¢ and
thean the unloading goes on and the pressure on
the boundary of the layer is equal to nil.
From point A (Fig.4) there are propagated two
waveg, The wave AB has velocity Coand the pres
sureCn_1. The wave AD is a plastic one and has
veloclty C =0, 25 Co b t the pressure in this
wave is ~3 . In point B the
elastic wave is reflected from rock foundgtion
%¥§ the p"essure there is 1ncreaslng to bz

(l+c') 1,256 now upwards is propagated a
plastlc wave. At p01nt C after time interval
T from contact surface of falling load there
is propagated the unloading wave with velocity
Co. At point E the unloading wave catches up
with the plastic wave and asresult of ipterac-
tion of waves ig weakening of pressureégln ple
stic wave O3 = 20 From scleme it is clear
that the plastlc area in upper layer of the
soil is developed gradually and occupies the
upper part of the layer with depth less then
one half of the layer thiclkmess as it is shown
in Pig.4. The formation of plastic area in a
soil layer as it is clear from wave net,in ge-
neral,depends on longitudinal waves as the ve-
locity of these waves is greater than the velo
city of transverse waves. The detailed analy-
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sis of wave nets drawn so as on Pig.3 for a la-
yer of small thickness the plastic areas arise
simultaneously as near of the blow point as on
the boundary of rock foundation. But the width
of plastic area on the rock is more greater as
near to the blow point. In the course of time
when the blow duration is large the two plas-
tic areas drawn together and form an area like
a cone with cutting of head. If the soil Thick
ness is large the influence of reflections
from rock foundation decreases and a spherical
plastic area arises near blow point.

III. LOESS SOIL

The data of the macroseismic investigations og
the earthquake consequences in loess develop-
ment regions as well as the results of numero-
us laboratory tests at dynamic loads have shown
that undcr definite conditions the dymamic
loads cause changes of loess soil deformation.
The above mentioned changes the so0il properties
(moisture,density and therefore dynamic load
parameters :frequency,amplitude) and in some
cases they can reach such values take them into
acount while designing of buildinge and const-
ructions in seismic regions.

The branch has worked out investigations of
characteristics for cyclic loads which allow

to approximate the collapse deformation develop
ment by cyclic loads.

Different methods of applying of cycling lo-
ads and the development of the collapse defor-
mations display as well as after stabilisation
of collapse deformation and the wide range of
s0il collapse characteristics and clear out
their influense on the additional deformation.
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