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Gentlemen,

The topics for discussion in this session
are:
1) Dynamic characteristics of soils (especi-
ally at high pressures)
2; Vibrations of foundations
3) Interaction of seismic waves and founda-
tion bases and
4) Liquefaction of soils,

An examination of the literature published
on these topics since the VII International
Conference,where a specialty sesaion on
"Soil Dynamics" had also been held,is too vo-
luminous to be discuesed here. Besides the
* normal channels of dissemination of lknowledge
like technical journals,mention must be made
of two=- conferences which have since been
held where papers on these topics have also
been presented.

One of these 1s the conference on "Behavi-
our of tfarth and Earth Structures Subjected
to Earthquakes and Other Dynamic Loada" held
at Roorkee in March 1973 and the other is the
V-World Conference on Earthquake ¥ngineering
held in Rome in June 1973, The classification
of papers in these conferences on the themes
of to-day's discussion were as follows:

Theme Conference at Roorkee Conferen-
(March 1973) ce at Rome
(June 1973)
i 8 é
ii ]
1i1 2 26"
iv 1 2

+General theme of solil structure interactior

Although fairly large amount of literature
is being published, coherent pictures have
not emerged in many cases. I propose to dis-
cuss a few important oonsiderations on these
topics and solicit the views of the house.

l, Dynamic¢ characteristics of soils (especi-
ally at high pressures) are non-linear from
the very beginning of the loading cycle.In

several analysis of static problems, this
faot is being acoounted fors For analysis

of problems of foundations and substruotures
under dynamic loads,the following soil pro~
perties are needed depending upon the method
of analysis to be adopted:

i) Elastio constants and damping pioperties

ii) Modified shear parameters

1ii) Non-linear stress-strain

For shear modulus,effect of (i) effective
mean prircipal stress (1i) degree of satura-
tion (1il1) void ratio and (iv) number of
cyoles of loading have been studied by Har-
din and Dravich ?19?23). The authors data
shows that single values of modulus and dam~
ping canuuvt be used for the complete analy-
8is because of their dependence on strain
amplitude, state of stress and environmental
conditions. Cohesive soils are affected dif-
ferently than clean sands. The authors have
subsequently presented equations and graphs
for the determination of shear modulus and
damping of soils,for use in design problems
involving repeated loading ar vibrations of
solls on both clean sands and clays. Similar
results on soft saturated clays were obtained
by other investigators also,. :

Field methods have also come into use of
late. A block of standard dimensions is exci-
ted to resonance and shear modulus is infer-
red elther by analysis proposed by Barkan or
Richart, The values of shear modulus and elas-
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tic spring constants depend particularly on
the 'dynamic force level' and the resulting
'd%:a ¢ atrain .

a B8tiff soil, if resonance of block is
not reached a melhod has been proposed to
extrapolate the resonance frequency only.

The important question 1s the identificati-
on of the "loading" and "strain' conditions
and their simulation in laboratory tests.
Typical values for different soils for use in
"preliminary design'" are not available.

And finally "effort!' needs be made for evol-
ving a "standard" or at least a "recommended"
procedure to determine the "shear modulus™
and "damping" characteristics for a given
problem,

For analysis,based on the assumption that
s0ils are igi& plastic materials,modified
"g" and " $‘ " values for dynamio loading are
used. Typical analysis for dynamic bearin§
capacity are available for both 'cohesive
and 'o-¢$' soils. The authors do not discuss
how the relevant 'e¢' and '¢' needs be de-
termined. ’

Casagrande and his associated lnltiated
work on danamic stress-straln characteris-
tics of solla. Seed and Chan presented pro-
cedure for obtaining "total stress" (static
plus dynamic) versus btotal obrain characte
ristios (under static plus dynamic stresa)
of typical soils. Thelr approach was excel-
lant for understanding the physical behavi-
our of soils under the influence of a combina-
tion of static and dymaic stress. Any further
information on this topic would be a very
welocome contribution to this session.

Non-linear stress-straln is automaticully
obtalned in the above test set-up and can
be used to solve stability problems.

Under high pressures,very little work has
been done.

2. Vibrations of Poundations:

Under this toplc,the problem of machine fo-
undations shall only be discussed. Most of

the literature concerns the behaviour of
'blook' type foundations. For isolated
blocks, vertical vibrations, simultaneous
rocking and sliding aad torsional vibrations
of foundations have been considered. Methods
of determination of relevant in~situ dynamic
80il constunts bhave also peen proposed.
The methods could be classified into two
TrOoups:
1) Based upon spring theory
(11) Based upon elastic half space theory

Considerable amount of literature corc eros
the latter types.

he problem is to determine (1) natural
frequency of the machim~foundation-soll sys-
tem and (ii) dynamic amplitudes of motion
at operating frequency. ve have come mwx h
ahead of the days when a hammer of certain
woight was dropped and natural frequency was
assigned to a particular site. Natural fre-
quencies of "typical soils" are listed even
to-day (19753) in some texts. We appreciate
that these concepts have no place in under-
standing the machine foundation behaviour.

Moore reports comparisons between observed
and calculated (5ungs solution) maximum ver-
tical didplacement amplitudes which suggest
that for small footings on sandy silty soils,
the pressure distribution changes from pa-
rabolic at low mass ratios to the rigid base
type at higher mass ratios,and for small foo=
tings on clay solls, theoretical displace-
ment amplitudes for a rigid base stress dist-
ribution are in approximate agreement with
observations.

Weissman (1971) modified the analytical so-
lution of foroed torsional oacillations of
an elastic homogeneous isotroplc halfspace
to account for the internal friction of soils
and slipping of the foundations. Good agree-
ment between the experimental data on silty
clays and sand and the theoretically predic-
ted values has been reportede.

Based on the concept of elactio half-space
and possible difference in the distribution
of soil pressure at the base and some other
variations from the solution of S (1953),
"Ratay (1971) and Veletsos and Wel (1971
reported studies on sliding rocking vibrati-
ons of rigid bodies and plates respectively.
A large list can be added to investigations
of this category.

Most of these lnvestigations do not consi-
der the effect of depth of embedment on the
rosponoe of Tootings., Gupta (1972) reported
rooulto of eight model footings of meximum
8ize 5.75" x 4"(1l4.4 om x 10 em) four of
which had the same shape,pqual woightc and
different areas, whereas the other four had
equal areas and different shapes. The reso-
nant frequency was found to increase with
increase in depth of embedment and this inc-~
rease is independent of the shape of the
foundation. The resaonant amplitude decreased
with increase in embedment, irrespective of
the area and shape of the foundation,

More data from large sized footings or ac-
tual full scale foundations is very much
needed in this direction.

Agarwal et al (1971), report prototype vib-

ration studlies on four compressor foundatioms
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under aotual working condition. It was gener-
ally observed that vibration characterlstics
assessed by different theories do not differ
signifiocantly but Barken's method seems to
yield results which are in most cases quite
close to observed values,

Barkan's method has the advantage of simpli-

city. However, it needs be modified to take
into acocount the effect of (i) damping of
the system (ii) depth of embedment and (iii)
non-homogeneity -of soils,

Several studies on development of simpli-
fied expressions for natural frequency,based
upon model tests have since been reported
(Prakash and Gupta 1968, Prakash and Puri
1972). Such studies have, at best, local ap-
plicability.

3, Interaction of Seismic Waves and Foundati-
on Bases:

It is well known that the characteristics
of ground surface motions during earthquakes
and the corresponding forms of the response
spectra va with soil conditions (Seed and
Idriss 19651. The study of damage to multi-
storeyed:bulldings during the 1967 Caracas
earthquake indicates that the locations of
zones of heavy damage wmay be attributed to
unfavourable combinations of soll conditions
and building characteristics which resulted
in particularly stro response of the damaged
atruotures (Seed et al 1972). Further,studies
on the bridge foundation behaviour in Alaska
kBarthquake showed that bridges founded on
bed rock sustained little or no foundation
displacement, ''he greatest concentrations of
severe damage occured in thick deposits of
saturated cohesionless soils, Bridge founda-
tions in saturated sand and silts sustained
severe displacements even where the average
SPT of the upper 9m (30 f£t) of the soil was
as high aa 25. A method to ¢calculate th res-—

* ponse=-spectrum of earthquakes for linear

structures on an elastic half space has been
developed,

The above mentioned and simllar other stu-
dies point out to tne importance of 'soil~
structure interaction under dynamic loads,

Incidentally,the response on the subject
for this session 1s rather poor. Hence, I
would like to proceed with the next top{c.

4, Liquefaction of Soils:

There is far greater awareness of the

problem of liquefaction to-day (1973), than
what it was a decade ago, liquefaction of
solls is responsible for major lanmd slides
lateral movements of bridge abutments, set&-
ling and tilting of buildings,failure of wa-
ter front retaining structures, cracking in
embankments and *float up' of septic tanks.

Factors atfecting liquefaction are very
well known e.g. (1) soil type (ii) relative
density or vold ratio (iii) initial effective
confining pressure (iv) intensity end dura-
tion of ground shakinge.

The concept of "critical void ratio"advanced
by Casagrande cannot be applied to liquefac-
tion phenomenon since CVR is not a unique
property of sands. However,according to the .
concept of "eritical aoceleration" (Maslov

1957), every sand can be liguefied. at and
above critical acceleration. Such a concept
shall have obvious limitationsasince (i) it
does not take account of the effect of fre-

uency and (1i) direction of viorations and
%iii) realistic intensity of ground mption
during actual earthquakes,

The first question that an englneer would
like the answer for,is as followsi-

GIVEN:- (i) A sand with known grain size dis-
tribution, grain shape and initial relative
density (11? the intensity and duration of
ground shaking (iil) initial state of stresas.
REQUIRED:- (i% To predict if the sand is li-
kely to undergo liquetaction, partial or
complete (ii) if liquefaction 1s anticlpated,
how to piredict the amount of "tilt of buil-
dings", "cracking in earth dam" and in gene-
ral the extent of damage to structurea‘%iii)
alternatively,the remedial measures to check
liquefaction. .

Obviously, ‘critical void ratio' and ‘cri-
tical acce{eration', concept do not hold any
promise.

Two other procedures have came into vogue
for atudies on liquefactions
A. Labordtory Test: Oscillatory triaxial and
pure shear tests have been extensl vely deve-
loped at University of Callfornia,Berkel ey,
The essence of this procedure is as follows:
(Seed and Idriss 1971).

a) For given soil conditions end design
earthquake ,determine time history of shear
stresses with depth, (b) Convert the stress
history into an equivalent number of uniform
stress cycles, (c) From available test data
on specially conducted field tests,determine
the cyclic shear stressss which cause lique--
faction in the same number of cycles as in
(b). (d4) A comparison of shear stresses in-
duced by the earthquake with those required
to cause liquefaction, the zone of possible
ligquefaction 18 determined.

Seed and Peacock (1971) further report that
both analytical and experimental evidence as
well as available field data suggest that
most laboratory triaxial compression test da-
ta should be reduced by a factor of 0,55-0.70
depending upon the density of soil and the ¢
duration of the earthquake in order _to deter-
mine the factor H-shear stress (EQ!.)

conlining pressure g,
causing liquefaction under field congitd on.

However,based upon 37 ocases where liquefac-—
tion occured and had not occured,the authors
suggest that for a maximum ground accelera-
tion, it is possible to designate >-ranges
of relative density:

(1) A range in which liquefaction is very
likely to ..occur

(1i) A range in which liquefaction is very
unlikely to occur and

(1ii) A range in whioch liquefaction may or
may not occur depending upon characte-
ristics of sand and other factoxrs.

B. Vibration Table Testss In these studies,

the sand 18 deposite a large tank moun-

ted on vibration tabls and vibrated at prede-

termined trequency and amplitude (Florin and

Ivanov 1961, Maslov 1957, Yasnimi 1967, Pra-

kash and Gupta 1970). The response of soil
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deposits is carried out in some what a simi-
lar manner as outlined above, A correlation
of field and laboratory data from such stu-
dies has also been attempted (Prakash amd
Gupta 1970b),

About the Scientific Reports:

It may well be in order briefly to summarise
the scientific reports which will come up
for discussion in this session,

Of the 19 reports finally selected,their
classification into different themes i3 as
under:
Theme’ No. ¢D)

(ii) (11i) (iv)
Numper or Reports 3 4 S5t 4
+ including vibra-
tion transmission

Of the three reports on stress-strain beha-
viour of soils under dynamic loads,two eva-
luate deformations of soils, In addition,in
one of these reports,the effect of pulsating
load on ' ' has been found to be negligible.
In the third report,determination of seiamio
properties of solls by steady state vibrator
has been described.

0f the four reports on machine foundations,
two deal with response of machines from the
field and in the other report, a SDF mass-
8pring Gasu-poi wiiih Couluwb duupiug bas besa
proposed for the study of dynamic response
of an embeded footing. There ia one report
on vibration insulation.

Of the seven scientific reports onliquefac-
tlion, one reports pore pressures in field
due to pile driving, two report triaxial
tests to study liquefaction in sands and three
advance analytical tools for study of lique-
faotion based upon some sort of laboratory
test data. And finally, one report deals with
ligquefaction of sandy silt.

Studiea on ligquefaction and fine grained
golls have not received adequate attention
go far. A recent work (Gupta and Gangopadhya-
ya 1973) suffer from the disadvantage that
uniform samples could not be prepared.

Of the other five sciemtific reports,three
reports desoribe vibration transmission from
ramming vibrations and demolitlon of cooling
towers and thelr measurement, Of the other
two reporis, one deals with decreasing the
building vibrations by increasing its period
and the other describes pile response with
the introduction of intermediate oushion.

I had no access to very useful Russian 1li-
terature on the themes of this session. I,
therefore,believe, that we would bemefit
ve much from the contributions of our hosts
of the conference,
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Vice-Chairmen Prof. Sinitsyn A.P. (USSR)

The soil dynamic acquired aniuportant mea-
ning for elaboration of eartaquake resistant
buildings and structures,in seismic region
of the USSR. The theoretical investigations
fulfilled by means of the computers and the
experiments due in situ allowed to design
such a prominant structures as the Nurek dam
with the height of 300 mt, and the multistory
buildings in the townes situated in areas
with selsmicity of 8-9 degrees. Those inves—
tigations are shown that the reaction of the
structure on seismic boardsis dependent from
the engineering-geological conditions for the
bullding area on which the structure is pla-
ced. The theoretical solution of the problem
is considered by mean.of the design model of
the multidegrees of freedom system and by

amn

using the finite elements method for calcu-
lation of wibrations of the bulldings and
structures influenced by seismic waves propa-
gated in soil foundation. The calculations
were made for a travelling seismic wave
taking into account the displacements and
the rotations. of the structure. The general
stability of the structure is evaluated by
meansof the soil reactions diagrams. The
nonlinear motion problem of the system
"gtructure-foundation" is edved and the ins-
tability areas of motion are determined
which depends on the correlation between tle
physical parameters of the structure and
foundation. For example ths upper sedimen-
tary stratum of variable thickness highly
influenced on the transmission of the seis-
mic energy to the structure., The inclination
of the rock foundation which spreads the se-
dimentary stratum and the influence of the
variable thiclkness was lnvestigated by the
finite elements method for the dynamical pro-
blem. It 18 shown that the amplitudes of ac~
celerations on the surface of the sedimen-
tary stratum may be twice more as the acce-
lerations of the rock foundation. For the
stratum with a triangular orossection the
correotion coefficlients are determined and
the conditions are evaluated for arising
of elasto-plastic waves in connection with
the geometric dimensions of the stratum. The
problems of seismic waves propagation in a
layered foundation and the interaotion with
the structures foundation require to ful-
filling further investigations. It is neces-
sary to discuss some questions. In my opinion
there is made insufficient attention to the
vertical component of travelling seismic
wave. This component createsa vertionl force
under the foot of the structure which may
1i1ft the structure and must be added to
the others vertical locads. The vertical and
hori sontal vibrations are connected and those
frequencies must be determinated Jointly. To
determinate this suplementary lifting
force it is necessary to investigate the ver-
tical vibrations. The amplitudes of the ver-
tical component of the sgeismic wave propaga-
ting in the sedimentary layer due by strong
earthquake depend on the reflection and the
selismograms recorded in situ should be con-
sidered as the realisations of a random pro-
cass. The evaluation of auto and crosscorre-
lation functions by means of records of the
so0il displacements registered on the surface
of the sedimentary layer arised from a dyna-
mic source permit to determine the energy
flux transmitted through the sediwentary
layer during earthquake. The graph of alter-
ation of the potential energy as function
of the relative maximum displacemsnt of the
foundation may be drawn. The energy accumula-
ted in the building during elastic ramgge o
deformation more as proportional to the
quare of the value of the displacement,but

K.
Nf the displacements increase more in the

buildings structure should occur ' the plas-
tio regions amd the rate of growth of the po-
tential energy decrease. At least after any
rupture in structure take place poteantial
energy diminished. For each level of energy
transmitted during earthquake to the building



correspondsa certain displacement of the stru-—
cture foundation and the definite value of
potential enmergy accumulated in the building.
Thne comparisaon of these two energies permit

to evaluate the selismic resistanoce of the
tmilding. These statements shown that the
dynamic of soil must be developed further by
means of experiments made in situ and theoreti-
cal investigations with using of computers,

It is interesting to know the considerations
of members of our session about these ques-
tions,

On slides it is shown the determination of
instability areas by propagation of the ver-
tical companent of a simple seismic wave in
the layered foundation,

Slide N l. There is shown the scheme of a

K]

PPV yv)

tn P“.': Pioi Jr'

vy — X

p— 3~

Sasiecasany TV VT T Y Y VIV rOY YT

layered foundation. The parameter is ocharac-—
terised by the rates of the physical proper-
ties of the layers, and permit to determine
the instability areas, .

On the slide N 2, are shown the equations

®11%22 T 8385, = 0

L P2
2 '[‘l'm_hz‘("‘p_')ﬂlo a,2%8,, =B,

2 L
a,, = [A| -+ P—., A, - _Zﬂhz f] .

6 (py-p,) &h,
" :

for determination of instability areas.

On the slide N 3 are shown the graphs. to
determination of the length of the seismio
wave by whioh the lnstability ococurs. These
%raphs are calculated for a two layered

oundation as function of o On the left
of each curve there is a stabllity area,
on the right the ilnstablility.
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vice-Chairman of the Speclalty Session VIII
Praof. D.D.Barkan (USSR)

The intluence of the soil properties in
bases of structures on the designed seismical
loade is estimated by ths increase of seismic
intensity which depends on the acceleration
of seismic soil vibrations,i.e.upon its a
litude and period. For a constant wave period
the change in the seismic intensity is de=-
the change of the vibration am=-
flitude. Thus, from the point of view of the

nfluence of the soil on the designod soio-
mic loads soils should be classified in rela-—
tion to properties that influence only the
amplitudes of seiswic waves, everything else
being constant.

The modulus of elasticity of the soil and
the soil density are the main ocharacteristics
effecting the wave ampllitudes.

\ihen waves originated by the spherical pul-
8o are propagated in an infinite epace the
amplitude are inversely proportional to the
elastic shear modulus M of the soil,the dis-
tance beiween the considered point and the
source belng large as compared with the wave
length. For the short distances from Ghe
source, 50il amplitudes due to the Rayleigh
waves originated by the surface source are
inversely groportional to the shear modulus
of the s0il and depend slightly upon the
80oll density. As the distance to the source
increases,the relationship between the amp-
litudes of Rayleigh waves and the shear mo-
dulus, and the density varies somewhat. But
as the distance increases (in comparison
with the wave length ) the agy%itudes became
inversely proportional to gﬂ .

In other cases the relationship between the
amplitudes of waves propagated near the sur-
face of the homogeneous s0il and the modulus
of elasticity, and the density may somewhat
differ from the above mentioned laws. It
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geems s8till that it can be assumed that the
amplitudes are at least inversely proportio-
nal to the shear modulus. This means that
the relationship is the same as for the sta-
tic case.

Thus soil classification in accordance with
the increase of the selsmic intensity must
be based on a comparison of soil modull of
elasticity,

The existing opinion that the groundwater
level has a significant influence on the
increase of the seismic intensity is doubt-
full. The doubts are verified by the absenoce
of appropriate reliable data in technical
literature. For some soils it may be that the
groundwater level influences the seismical
intensity as a consequence of the change in
the thickness of the saturated layer and
hence of the change of its physical and me-
chanical properties (but this is not true
for all soils).

The physical and mechanical properties,
(and hence the seismic intemnsity) of coarse,
medium end even of fine grained sands slight-
ly vary with the moisture content. The void
ratio 1s the main factor effecting the elas-
tic and strength properties of sands. The
soil characteristics of dust like materials,
especially of silty and clayey solls are
worst when these s0ils are below the ground-
water level in comparison with when they are
above groundwater level, Therefore,from the
point of view of seismic intensity the first
case 1s more dangerous.

Thus, the groundwater level cannot be regar-
ded as a unlque seismic characteristic of a
bullding site. .

Numerous experimental data shows that a
proportional relationship exists between the
elastic and strength properties of soils,

Thus solls can be claseified according to
the increase of selsmic intensity based on
the strength properties of the soil, instead
of the elastie ones.

The increase of seismic intensit? on buil-
ding sites may be determlined by a "coeffici-~
ent of ground condition" K, which is equal to
the ratio of the strength characteristics of
a soil taken as a mean soil (according to
the seismic intensity) to the strength cha-
racteristic of the soil on the bullding site.
Such a mean soil can be represented by a soil
with an average valus of the ssrength charac-
teristic R, equal to 2,5 kg/om<.

The value of the coeffiocient of ground con-
dition K for soils _with a strength characte-
ristic R£2,5 kg/cm® is determined by the
formula 2
Kg= 212

R

A table of Kg values vor various soils clas—
gified according to the USSR building codes,
and based on the abovesaid set forth

NN Soil ~The Kg value
1 Rocky soils,fissured-erupted,
metamorphic and sedimentary:
granite,gnelss,limestone,san-
dstone,conglomerate etc; 0,3
2 Semirocky soils:marl,flinty
clay,argillaceous sandstone,
tuff,shell,gypsum etc; oM
Coarse debris:
3 Crushstone (coarse gravel) with
volds filled with sand: 0,4
4 Gravel from the debris of the
crystalline rock; 0,5
5 Gravel from the debris of se-~
dimentary rock; 0,9
Sandy soils: dense semidenge
6 Coarse sand of any moisture; 0,6 0,7
7?7 Semicoarse sand of any
moisture; 0,7 1,0
8 TFine sand:
a)of little moisture content 0,9 1,3
b) very moist and saturated 1,0 1,7
9 Silty sand:
a)little moisture content 1,0 1,3
b)very molst, 1,3 1,7
¢)saturated; 1,7 2,5
Argillaceous soils: Void ratio Oonsis=-
tency in-
dex
ol B=0 g:l
10 Sandy clayey soil 0,5 0,9 ’
0,7 1,0 L.g
11 Loam 0.5 019 1’0
0,7 1,0 1,4
1,0 1,3 2,5
12 Clay 0,5 0,4 0,6
0,6 0,7 0,9
0,8 0,9 1,3
1,0 1,0 2,5

For bases of structures consisting of se-
veral soil layers with different atrength
charaoteristics, the change of the seismic
intensity may be estimated by tihe average
value of the ground condition coefficients.

Very loose s80ils (loose sand with a void
ratio of more than 0,7-0,8; the argillaceous
80ils in the liquid state with a consistenc
index exceeding 1; peat and mud,etc) are no
included in the above given table. Such solils
cannot be used for bullding up without impro-
vement of their properties even in nonsal smic
regions,

Improvement of properties of these solls
is attalned mainly elther by means of piles
or by means of deep foundations ar otherwise..

Driven pilles campact soil around them so
that its strength properties are improved and
as a consequence,a week soil together with
the plles forms a base with better deforwa-
tion and strength properties,

Preliminary tests show that everything else

being equal,the vibration amplitudes of the

a



80il with the driven into it plles diminish
from 2 to 3 times. Thus the ground condition
coefficient for soils compacted oy piles dri-
ven under the whole area of the structure

be tuken approximately as above in the ratio
as compared with natural soil.

In conclusion it may ve said that the afo-
resaid relationship between elastic and stre-
ngth characteristics is very usefull not
only for the estimation of the effect of the
soll properties on the seismic intensity,but
it also permits essentially alter the method
for uctermining so6il strength characteristics.
By means of a geophysical prospecting methods
we can determine the longitudinal and trans-
versal wave velocities in a certain soil lay-
er in the base of the structure. By means of
these values we can eaSily calculate the mo-
dulus of elasticity, modulus of shear and
even the Poisson ratio. fmploying correlatian
between the elastic modulus and the strength
charaoteristics, the last can be tound with-
out boring, sampling and soil testing. The
great efficlency of such a method (classified
as geophysical correlation) for the determi-
nation of soil strength properties is obvi-
ous when compared with the existing methods
(especially for the sandy soils,where undias-
turbed sampling is practically impossible).

Chairman Prof.3h.Frakash (Indiu)

Thank you Prof.Barkan., The first contributi-

on will be in charge of Mr.Stawnitser.(USS
Mr.Stavnitser will you please. (USSR)

Mr. L.R.3tavanitser (USSR)

When the results of triaxial dynamic tests
of sand specimens in a vibrostabilometer
are processed by means of the theory of li-
niting equilibrium, they create the illusion
that the angle of interaoal friction is re-
duced by vibrations. But the concept of an
“effactive™ value of the angle of internal
friotion at a limited level of vibrations
enables the apparent reduction in the
strength of the sand to be explained by the
periodic changes in its stressed state. Here
the true angle of internal friction remains
constante

In testing s0ils in a vibrostabilometer,
the dynamic pressure, varying with time ac-
cording to a harmonic law, 1s added to the
value of the static lateral pressure. During
one half of the period, the lateral pressure
is reduced with respeot to its mean value.
This proves to be sufficient to lower the
failure load deviator in comparison to sta-
tic conditions. The results of such dynamic
tests can be interpreted statically on the
basis of the theory of the limiting equilib-
rium of solls by introducing the "effeotive”
value of the angle of internal friction.
This value 1s less than the true value and
depends upon the parameters of the dynpamio
effect,

The obtained formula for the "effective"
angle of internal friction

otn ¢ (% ko) sinf- k,
10 =
° T =ky (1 + siny)

au

ig valid only for values of the dynamic-res-
ponse factor k. £ 1, i.e.for amplitudes of the
dynamic compongnt of the stresses not excee-
ding their static wvalues. This formula has
been confirmed by numerocus experimental data
for fine-grained sand in the fregquency range
from O to 10 hertzes, which is typical &£
seismic vibrations,

Chairman Prof.Sh.Prakash (India)

Thank you Mr.Stavnitser. The next will be
Dr.Jinkin from the USSR.

Dre Jinkin will you please

Dr. G.N.Jinkin (USSR)

The soils of the railway bed are subjected

to multiple action of the vibrodynamic loads.
resulting in a thixotropic decrease of their
strength. That decrease depends on the charac-
ter of railway traffic,on the value of vibro-
dynamic load and on the state and the charac-
teristice of the soils.

By the experimental researches carried out
in the Leningrad Institute of Railway Trans-
port the following results have been obtained.

1. Some decrease of the strength characte-
ristics of the soil is registered when the
traln approaches to tbe experimental section
to 300-550 m. When the train approaches to
70=-80m, an essential strength decrease is
registered. The maximum strength decrease is
observed at the level of the upper surface
of the railway bed when the freight trains
goj in this case the strength decrease rea-
ches 40-50 per cent.

After departure of the train from the ex-
perimental section the soil strength is qu-
ickly restored. In 2-3 minutes the strength
increases to 70 per cente In 60-70 minutes
the aoll otrongth ip praotically ocomplctoly
restored.

2. The results of experimental investiga=
tions proved that there is anexponential cor-
relation between strength decrease and the
vibration intensity. It is determined,that
the quick decrease of strength characteristics
to neuarly 45=50 per cent lasts to a certain
intensity. The exceedinf of this intendl ty
does not lead to a considerable strength
decrease,

5. When the speed of tne trains is not
great, the vertical soil vibrations in the
rallway bed exceed the horizontal so0il vib-
rations across railway line. With the speed
of 120-140 km/h these vibrations are equal,
Wnen the speed of the trains vecumes greater,
the horizontal vibrations exceed the verti-
cal vibrations,

The action of the vibravions extends to a
depth of 4,0-4,5 m and in the horizontal di-
rection to a distance of 500-600 m.

4. The maximum relative strength decrease
undexr vibration is registered in interval
from 0,25 to 0,45 of the plasticity number,

5. With an increase in the natural demnsity
of the argillaceous s0ils from 0.92 to 0.96
of their maximum strength there is an inten-
s8e increase of their dynamic resistance and
strength. ¥When we tal® the solls with a den-
8ity more than 0,96, this process dampsa.
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6. The vibrodynamic loads cause a rupture
of the structural lincs of the argillaceous
soils in the state of plastic congelation,
This phenomenon determines the decrease of
thelr strength in the relatively small tempe=-
rature interval from O to =2,49C,

The maximum loss of the strength of the
argillaceous soils in the state of plastic
congelation takes place because of a decrea-
se of the specific cohesion and in the degree
less considerable~because of a decrease of
the friction.

The mineraloglcal compoesition of the 8solls
has no influences on a value of the coefficl-
ents of the relative cohesion and frietion
loss,but ochanges essentially a temperature
range. That is why when we choose the bed,
it 1s necessary to prefer the kaolinite soils
with the conbtent of 25=30 per cent of the ar-
glllaceous particles and with a minimum con=-
tent of the univalent cations, |

The increase of the ice content in the
congealed solls under a negative temperature
invariable leads to the decrease of the
strength oharacteristica,

Chairman Prof. Sh.Prakash (India)

Thank you Mr. Jinkin.

The next speaker will be Mr.Shvets (USSR)
Mr.Shvets will you please.

Mr.N.S.Shrets (USSR)

Here I should like to mention the results
of the vibration study of massive foundations
for large ball-and-rod grinding mills having
a short drum of over 5 m diametre.

nese mills are usually installed on mono-
lithic or frame foundations up to 15m high,

The operation of such mills at floration
works revegled that considerable dynamic
stresses arise and act on the foundation
though these mills are considered to be
balanced. As a result mill foundations are
ofiten induced to vibrate which sometimes re-
sults in foundation deformations and imperfeo-
tion of grinding process.

The investigation of foundation vibration
of the acting ball-and~rod grinding mills
carried out at fifteen floation works and
also the use of a large model having similar
physical dynamic properties permitted to dis-

garded as a one-mass Ssystem with two degrees
of freedom we have obtained a theoretically
grounded relation for defining amplitude of
vibration of the upper surface of the founda-
tion for the grinding mills.

The comparison of the amplitude of vibra-
tion defined according to out formular with
the actual changes indicated that the diffe-
rence in their values does not exceed 20 per
cent.

The studies at the acting grinding mills
revealed that the value of admissible ampli-

tude of vibration must not exceed 0,5 mm.

REFERENCE

N.3.Shkurenko, Y.B,Rakhlin, V.G.Surguchev
Foundation Vibration of Ball-and=Rod Grind-
ing Mills with a Short Drum Journal 'Foo-
tings,Foundations and Soil Mechanics",
no5, 1970,

Chairman Prof. Sh.Prakash (India)

Thank you Mr. Shvets. .

The next contribution belongs to Mr. Ilyichev
from the USSR

Mr, Ilyichev will you please.

cover that the reason of the foundation vib~ Mr.V.A.Ilyichev (USSR)

ration was uniform movement of grinding bodi-
es which get together in groups in the mill
drum and travel in free falling trajectory (1),
To specify the vibration incitement of the
"mill-foundation-footing" system statistic
computation of foundation vibration oscillog-
rams (output signal) was carried out accor—
ding to a special program with computer M-220.
The results of the computation permitted to
consider the process in question stationary.
The study of power speotrum of input signal
for the mlll foundation permitted to disco-
ver that the incitement of the "mill-founda-
tion-footing" system according to the inci-
dental functions theory was impact.
As & result of the solution of differential
equations of the system movement which is re-

a5

There are different trends in the above

mentioned investigatiomns carried out in the
NIIOSP soil dynamic laboratory. Here I would
like Lo conolder some singularities of these
studies. There are many problems in the soil
dynamics developing very intensively. Up to
now there are no practical recommendations
for many of these problems among which are
predictions of the vibration level of soil,
foundations and the structures upon them due
to vibrations generated by the foundation-
source in their neighbourhood. It must be
noted that in many cases the real vibration
parameters of a mashine foundation are far
from the calculated ones. All these problems

are closely interconnected and to make clear



these relations is the purpose of our inves-
tigations. The theoretical investigations are
based mainly on the hypothesis that soil may
be represented by the moael of elastic,isotro-
pic homogenous semy space. The experimenlual
data are to oe used for the construction of
the transfer function of weithless stamp-
8oil system. Such method for interpretation

of the test data give more information as
compared with the usual methods of determina-
tion of rigidity and damping coefficient.

The transfer function of stamp-foundation
receiver may be determined in the similar way.
This method will allow to have a more ade-
quate approach to the real dynamic model and
to formulate practical recomendations for the
aforesaid problems.

In our laboratory the theoretical and ex~
perimental investigations concerning the
earthquake groof foundation engineering are
also carried out.

The main purpose of studies was to elabora-
te the gractioal recomendations for design
of foundations with account of soil and buil-
ding properties. The fondation and base are
the parts of the total soil-structure a-
mic system and therefore while designing the
same principles are to be used as for any
other nart of tha ayrtam:

l. The total system under seismic forces
is calculated as elastic one with known dyna-
mic properties of soil and foundation.

2. Bearing capacity of foundation must be
determined and then compared with the loads
found in the previous iten.

The practical recomendations developed in
the soil dynamic laboratory of the NIIOSP
are destined for flat and usual pille founda-
tions with an intermediate gravel and sand
cushion,

The theoretlical studies concerning the li-
quefaction of sand solls which huve been ocar—
ried out in the soil dynamic¢ laboratory al-
low to evaluate settlements as a function of
time and the compaction zone,

The lack of time does not permit to give
more details for aforesaid researches and to
enumerate some other problems. For some of
them there are special communications.

In conclusion it must be noted that the
most part of the experiments have been made
in situ with foundations on a large scale.

Chairmen Prof. Sh.Prakash (India)
Thank you Mr.Ilyichev

The next contributor will be Mr. Singh
and Mr.Neville C,Donovan from USA

Mr.Singh will you please report your ocontri-
bution.

Mr. Singh S. and Mr. Neville C.Donovan (USA)

A review of the state of the art indicates
that there exists no easy method by which to
acocount for the effect of slope on the seis-
mic liquefaction potential of soil, From a
study of Lower San Fernando Dam failure and
Sheffield Dam failure, preliminary indicati-
ons are that for a 2 i/2 to 1 (40 per cent )
slope on the upstream face of Lower San Fer-
nando Dam, the stress ratio required to in-
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duce ligquefaction would be higher (maybe as
much as 50%) above that required on level
ground. How this relation will vary with the
inclination of the alope is a question which
seems to have not been resolved completely,
based upon results of cyclic loading triaxi-
al tests in laboratory it has been shown

(Lee and Seed, 1967) that the cyclic devi-~
ator stress required to cause liquefaction
increases with an inorease in the value of
Kc-the anisotropic consolidation. At very
large values of Kc, ligquefaction just does
not occur in laboratory samples; large strain
can, however,take place. The writers believes
that at high values of EKc,significant stress
reversals do not occur and liquefaction, the-
refore,does not develope, It is therefore
valid to assume that liquefaction is a func-
tion of stress reversals. This leads to a
simple conclusion that the effect of a slope
in reducing the liquefaction potential of

a soil is essentialliy due to a reduction in
the stress reversals. The problem, however,
of delermlning this reduction for different
slope types and inclinations,is not so simple.
Elaborate laboratory testing together with
stress analysis (finite elemeng§ to take into
account the effect of sloping boundries on
the soil response,are required to develope
some reasmable relationship. ''he problem in
general appears Lo be quite complicated when
vhe randomness of earthqucke motion has also
to be considered.

Recently a stochastic approach to the seis-
mic liquefaction problem has been introduced
by Donovan (Donovan,1971), and a cumulative
damage anulysis has been developed to evalu-
ate liquefaction potential of solls. The
analysis, in its principle 1s analogous to
fatigue (ocumulative effeot of stress rever-
sale§ failure in other engineering materials.
Baged after a study of the distribution of
oyclic stress peaks in observed earthquake
records, the distribution of stress durirg
the design warthyuske 1s obtained. This is
done by using statistical procedures where
the paremeters for earthquuke motion are ex-
gressed in random vibration terms and Ray-

oigh and wide hand spectrum stress distri-
bution options are used. This allows a direct
evaluation of liguefaction without the re-
quirement that a seismic responce analysis

be made on the soil profile. &leader is
referred to the original pasper by Donovan for
details).

If liquefaction is assumed to be directly
proportional to number of reversals,then the
reduction of stress reversals due to slope of-
fect can be easily considered bz reducing the
area under the stress distribution envelope
in the cumulati ve damage analysis. To produ=-
ce reversal seismic stress must exceed the
downward slope camponent. Thls established
limits between which the stress envelope
distribution will be integrated and effects
evaluated on the development of liquefaction
using the cumulative damage analysis. The
effect of a slope in reducing the liquefaction
potential of a Boil, can then be expressed
in terms of a number relating the increased
resistance to liquefaction due to slope to
the resistance of the soil on level ground,
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This incidently introduces and or calls for
a concept of factor of safety against lique-
faction failures. This,however,is a subject
requiring separate studies and discussions.
For the purpose of the present disoussion,the
number or the ratio defined above will be
t:rmed as factor of safety against liquefac-
tion.

Incorporating the concept outlined& above
in the cumulative damage analysis and adopting
it for use on a digital computer,detalled
study of the slope effects on liquefaction
characteristios of soil was made and results
plotted in Fig.l and 2. It will be noted
from Fig.l that the capability of a given
80il type to withstand liquefying tendenoy
or to almost eliminate stress reversals inc-
reases rapidly as the slope inclination
reaches beyond a certain limit whioh depends
upon the level of earthquake excitation amd
relative density of the soil. Fig.2 shows how
an embankment of a moderately dense soil can
perform satisfactorily against liquefaction
when subjected to strong motions as compared
with the same so0il on level ground.
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Chairman Prof.Sh.Prakash (India)

Gentlemen, Mr.Singh will report the next
contributlon alao.

Mr.Singh S. (USA)

Current procedures of evaluating seismic
liquefaction fail to take into account the
followings:

l. The effect of vertical acceleration on
the development of pore water pressure.Ver-
tical acceleration,though always less than
the horizontal acceleration,can be quite
significant in some earthquakes. As vertical
acceleration ocannot be produced by shears
waves propogating upwards, the assumption
made in the current procedures that the pore
pressure developes only as a result of shear
stresses set up by a series of upwardly pro-
pogating shear waves,falls to recognize that
the build up of pore pressure can occur in
more than one way during the ground shaking.

2. Coupling effect of soil water system and
its contribution to the dovelogéent of pore
water pressure during earthquake excitation.

3. Velocity of earthquake motions has been

BROWA TGO greaitliy ailfuci Ly plupos wmuvowsnvs
during earthquake loading (Newmark,1965).
In case @f liquefaction of soils,lt 1is yet
to be shown or proved that the veloci does
:gt affeot liquefaction more than accelera-

Ol

Considering the uncertainties involved and
unaccounted contributions of some important
variables affecting liquefsction,and in the
absence of a universally acoeptea explanation
of the phenomenon of liquefaction, following
ooncept/hypothesis is proposed.

The concept is based upon the response of a
multi-gaaae system to seismic wave propoga-
tion. e progressive increase of pore water
pressure and the consequent loss of strength
of soil, though forms the basls of this hypo~
theslis as in others,but the development of
pore water is assumed to develope as a result
of a phase lag in the copponents of the sys-
tem.When seismic waves propogate through the
8oll water system,the 1lnability of pore water
to undergo strains compatible with the strains
undergone by the soil phase (soil grains and
soil struoture) results in a response lag
whioh,depending upon how opposed the dlrection
of vibration of the two phases are,give rise
to the development of pore pressure. It is
interesting to note that this hypothesis imp—-
lies development of phase lag and consequent
development of pore pressure by all types of
seiemio waves as opposed to currently held
conocept that it is only the shear wave,propo-
gating vertically upwards,which causes the de-
velopment of shear stresses and hence,the rise
of pore pressure.By making an anology with an
electrical circulit made up of resist@nce and
inductance,work is under way (Singh,1973) to
study the behavior of soil water system sub-
Jected to seismic wave propogation.The deve-
lopment of inductance with a consequent de-
orease in the resistance as the eleotrical
current passes through the system is conside-

red analogous to the development of pore pres-—
L1l

sure and loss of strength of ths soll water
system when seismic ‘waves propogate through
it.

REFERENCES

1. Newmark,N.M.(1965). "Effects of Earthqua-
kes on Daus and Embankments",Geotechni-
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Chairman Prof. Sh.Prakash (India)

Thank you Mr. Singh. -
Now I pass the word to Mr. Hichart (UBA)

Mr, Richart will you please.

Mr, F.E.Richart (USA)

In the resonant column test,cylindrical
samples of soil are set into longitudinal or
torsional vibration at their resonant fre-
quencies to evaluate velocities of propaga-
tion of the longitudinal or shear wave in
the sample. Several models of resonmant oolumn
devices are avallable to evaluate the effects
of confining pressures,amplitudes of vibrati-
on_  straga histery.and time of loading on
the wave velocities for a variety of soils.

A discussion of the types of machlnes and
some of the test results are included in
ref (1).

This discussion treats the effects on shear
wave velocity produced biiextended time of
hydrostatic loading. Initially the sample un-
dergoes primary consolidation as the confi-
ning pressure is applied. Development of
primary consolidation is indicated in the re-
smant column test by a relatively rapid inc-
rease in shear wave velocity with time. After
100 to 1000 min of cwtinuous pressure appli-
cation,the increase of shear wave velocliy
settles down to a constant rate,which is rep-
resented by a straight line on the semi-log
plot of shear wave velocity vs.log time.Figu-
re 1 illustrates the change in shear wave
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Fig.l. Shear Wave Velocity vs. Time for Resonant

Column Test of Cohesive Soil.

velocity as a funotion of time for a cohesive
80il. Primary consolidation was essentially

completed in 1000 min,. ,then the straight-line
increase continued to 10,000 min in this test.
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Barlier tests (see Ref.2) have indicated that
this st»aight line relation continues for at
least 10 utes.

Fig.l shows the rate of shear wave velocity
increase during the primary and secondary
phases for low amplitude vibrations corres-
ponding to shearing strains of 0,8xl . For
larger amplitude g&garing strains of 4x10~%,
10x10-4, and 46x1 only the secondary inc-
rease i1s shown. As the shearing strains
increase,the shear wave velocity decreases,
but the time rate of secondary increase in
shear wave veloclty 1s essentially constant.

This rate of secondary increase in shear
wave velocity with time is a function of ma-
terlal properties. At the present time the

Mr. ReD.H00ds (USA)

In this discussion I only wish to up-date
our progress in Holographic Interferometry
since the submission of the Paper, "Holo-
graphic Interferometry in Soil Dynamics".

All of the results presented in that paper
were appliocable only to the vertical compo-
nent of particle motion. For a complete deso-
ription of a surface wave phenomenon,the ho—
rizontal component is also required. A nearly
horizontal component of motion of the surfa-
ce of the half-space model has recently been
recorded by re-orienting the optics of the
experimental set-up, and interferograms

best indicator of the rate of secondary inc-  showing fringes which represent nearly hori~
rease is the median particle size, Dgq. zontal displacement components have been
Figure 2 shows data on cohesive and ° cohe- sucoesafully made.

Another hologram interferometry technique
not described in the paper has al so been
used recently., This technique does not yield
. contours of displacement but produces an ile
s . dusion of a three dimensional view of the
displaced shape of the half-space surface.To
produce the 3-D effect,it is first neceasary
to make a static hologram of the ahlf-space
. surface. Then, an optical wedge is placed in

. the objeot beam of the interferometer. Now,
. viewing the static model surface through the
. T TS W LI T hologram, shows closely spaced parallel
o.001 0.0 o 1o fringes all across the half-space surface as
%o (= in Fig.l. By vibrating the sand surfasco and
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Fig.2. Time-Dependent Increase in Shear Modulus
for Cohesive and Cohegionless Soil.

sionless soils using Dc, as the abscissa,

The ordinate of the diggram is the rate of
inorease of the shear modulus, G( =pv2), per
log oycle of time,expressed as a percefit

of the value of G at time equal to 1000 min,
Fig.2 indicates that for Dgg > 0,04mm the
ratlo AG/Gjpgp is less .than about 3 percent,
whereas for %gg fine-gralned soils

(DSY < 0,004) this ratio may become as much
as” 10 to 15%.

These results from reaocnant column tests
indicate that laboratory tests might be ex-
pected to give lower valuee of shear wave
velocity than those obtained from field tests.
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Chairman Prof,Sh.Prakash (India)
Thank you Mr.Richart.

The nextwill be Mr.Woods from USA

Mr.Woods will you please, 419



lFis.Z. Dynamic Interfeérogram with 3-D illusion

formerly parallel lines on the half-space
surface become wavy and produce the 3-D
illusion shown in Pig.2,

Chairman Prof. Sh,Prakash (India)

Thank you Mr.Woods.
Now I want to call on Prof.Ortigosa (Chile)

Mr. Ortigosa will you please.
Prof.Pedro Ortigosa (Chile)

One of the common problems in soil dynamics
is to estimate the ligquefaction potential of
saturated sandy soils subjected to earthqua-—
kes. One of the most popular methods to app—-
roach the prediotion problem is to run und-
rained oyclic triaxial tests on saturated
samples isotrogically consolidated. In order
to represent the liguefaction mechanism which
occurs inside the sample,a model was developed
including: (1) the relation between the oom=
paction of the soll skeleton and the cyclic
shear stresses applied to the sample; (2)the
rolation between volume changes and pore pres-
sure increments for the boundary condition
introduced by the membrane used to cover the
sample, The first relation was obtained using
cyclic shear test data on dry sand published
by Silver and Seed. The second one was ob-
talned increasing the back pressure in satu-
reted samples confined isotropically, Typical
results for these b%ck pressure inocrements,
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Figure 1, Void ratio increment of an isotropically confined sample
as a function of water backpressure. Drained test on medium sand,

DR = 45 - 50°/0.
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black area represents water pushing out the
membrane as long as the pore pressure increa-
ses, which 1s equivalent to a "volume incre-
ment"” of the sample. Because oyclic triaxial
tests are conducted under undrained conditi-
ons, the "volume increment" has to be equal
to the compaction of the soil skeleton, By

using analytical relations to represent those
volume changes in terms of sand characterias-
tics, cyclic shear stresses applied to the
sample, confining pressure, number of cycles,
membrane rigidity and pore pressure, it is
possible to p ct tests results.

A plot of u'/g, va K/Ng is shown in Fig.2
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Figure 2. Theoretical and expcrimet

ital curves giving pore pressure

increment versus number of cycles for a cyclic triaxial test,

for a fine sand, where G:
pressure, N= nuﬁber of oyc’fes und ‘Ne=number

of cycles to get failure (failure 18 defined
for 3 condition & =0);3 n, m, K in this

=initial confining

figure represent soil properties and the
parameter B the memprane rigidity. The

shaded zones correspond to experimental results.
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Fig.3.Curves of cyclic deviator stress versus number of cycles to failure.For different
sets of experimental results theoretical curves are given,both "adjusted" for a

given value of

In Fig.3 it has been plotted ror the same
sand the deviator stress G’'qp vs Ne. The
white circles represent experimental data
obtained at IDIEM using samples with the
samo_rululi vo density but different valuoo
of s (black points are data from UCLA).
The dashed line is a curve predicted using
the &’ gp and N_values asegciated to one point
of the Burve Fpo=2 om<,

Chairman Prof. Sh.Prakash (India)

Thank you Prof,Ortigosa,

The next speaker will be Mr, Menard from
Prance.

Mr. Menard will you please.

Mr. M.Menard (France)

Nous avons developpe une technique de con-
solidation dynamique qui consiste a faire
tomber des masses de 10 a 40 t avec des hau-
teurs de chute de 10 a 40m;cette technique
permet d'ameliorer les s0ls sur une grande
epaisseur, 10 a 30 m,

Or cette technique agit sur le sol d'une ma-
niers tout a fait analogue a une serie de
tremblements de terrej; aussi les observations
que nous avons effectue sur de dizains de
ochantiers ont un interet scientifique de ocara-
otere general,

La surface du sol est donc soumise a une
series d'efforts dynamiques atteignant 200
t.Msa 2,000 t.M (par coup), les chocs etant
concentres en des points particuliers distan-

ts de 4 a 8 m on au contraire regulierement
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& and "predioted" for a different value of

30

The "theoretical? approach presented here-
which includes the membrane effect,checks pre-
tgi well with the test results.' The writer
thinks that a similar "theoretical" approach
could be used for predicting the liquefacti-
on potential for a saturated sand strotum in
the field. Actually this type of approach
has been already used by Professor Maslov
in the UHSR,

repartis a la surface du terrain. Les obser-
vations effectuees sont les suivantes:

1° Les impacts de l'ordre de 5 a 10 milli-
secondes provoguent des trains 4'ondes,onds
de Raylaeigh de grande amplitude presentant
les caracteristiques suivantes:

- Frequence 3 a 10 Hertz

- Amplitude: decroissante en fonction de la
distance selon une fonction 1/r- {5 a 100m
a 30 m de distance),

- acceleration: decroit tres rapidement avec
la vitesse 10 a 20g (impact),quelques cen=-
tiences a 30-40 m.

- 1l'amplitmde de la vibration est une fonc-
tion lineaire avissante de la hauteur de
chute du film Jusqu'a 5-6m de hauteur puis

reste ensuite constante quelque soit la
vitesse d'impart. auee



= la vitesse de propagation de l'onde dans
la souche compressible est tres faible
pres de l'impact (20-30 m/sec), forte
(200-400 m/sec) a S0 m de distance.

2° Des que l'energie transmise au sol at-
teint un seuil qui selon la terrains varie
de 5 a 20 t.M/M5 on observe, une liquefaction
totale du terrain; la pression intentitielle
crolit et attend la valeur maximum possible
¢'eost-a-dire la pression verticalej; le ter—
rain se comporte comme un liquide visqueux
sans aucune resistance.

Tous les terralns satures ou proche de la
saturation sont liquefiables,mals les pius
sengibles sont les sables en la limons,

30 Ce phenomene s'accompagne d'un tassement
immediat important, de l'ordre de 2 a 5% de
l'epaisseur de la couche compressible consi-
deree et de resultat est valable pour tous
les terrains quaternaires; ceux—-ci ont en
effet la particularite (saur peut-etre les’
argiles sensibles dont nous n'avons pas l'ex-
perience), de posseder un pourcentage non
negligeable de zag (quelque %) provenant de
1tevolution chimique des matieres organiques.

40 L'eau et le gaz mis sur pression s’echa-
uffent vers la surface en emprentant les fis-
sures crees dans le terrain au moment de l‘'en-
foncement du pilon; 11 en resulte souvent
l'apgarition de geysers,et des emanations de

-]

gaz (eau artesienns),
50 La resistance du terrain devient quasi
nulle immediatement apres le choc,la minu-

tion pouvant atteindre 80 a 90% de la resis-
tance originelle; apres un periode de temps
qui en fonction de la granulometrie du ter-
rain, la resistance evolue dans le sens d'une
crolssance tres importante, (100 a 150%
d'augmentation par rapport a la valeur ori-
ginale),

69 Le phenomene de liquefaction est d'aut-
ant plus facile a obtenir que la densite rela-
tive du materiau est faible,l'on peut consi-
derer comme regle de base que l'energie ne-
cessaire pour liquifier le sol decroit avec
la densite relative.

70 Il est apparu que certaines technique de
- 80l tel le standard Penetration Test sont
de veritable essal de liquefaction du sol;
on observe une destruction de la structure du
materiaux sur la pointe s'accompagnant de
la creation de forte pressions intentielle.

80 Apres un traitement de consolidation dy-
namique le terrain, pour une meme energie
applique, devient de moins en moins sensible
au phenomene de liquefaction. D'ou l'interet
de cette technique lorsque l'on doit fonder
des ouvrages tres important sur des sols sen-
sibles au phenomene de liquifaction: reservo-
irs de methane ligquefie, centrales atomiques-
barrages en terre ou en enrochement,.

99 Nous avons remargue sur de nombreuses
autoroutes,que les vibrations provenant du
passage de vehicules lourds,provoquaient une
augmentation appreciable du tassement (de 30
a 60%) s'ajoutant au tassement normal sa ob-
tanu sous le poids du propre du remblal et
reaffernant a partie de la miase en service.
Lt'on peut eviter ce phenomene,defavorable
Eour la bonne tenue de la route,en traitant

e terrain au prealable par consolidation dy-
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nami?ue, les emergies requerees par m? etant
de l'ordre de 50 a 100 t.m. pour une circu-
lation normale et 100 a 150 t.m. pour une
circulation tres dense.

Chairman Prof.Sh.Prakash (India)

Thank you Mr.Menard.

Now I pass the word to Prof. Yoshimi (Japan)
Prof. Yoshimi,will you please.

Prof. Y.Yoshimi (Japan)

In my discussion, I would like to presemnt
some results of our recent study of liquefac-—
tion of level,sandy ground (Yoshimi aml EKu-
wabara,1973). In our problem, a soil stratum
at some depth, marked II in Fig.l , i8s comp—
lotely liquefied during an earthquake. Sub-
sequently, the excess pore water presasure
in the liquefied stratum is dissipated
through the overlying stratum, marked I,
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The Terzaghi consolidation theory was ap—
plied to the problem to determine the pore
water pressure as a function of time and
depth, and numerical solutions were obtained
for a variety of initial and boundary condi-
tions using the finite element method. Thus,
our stxﬁg i8 an extension of the work of
Prof, raseys (Ambryseys and Sarma,1969).
The initial pore water pressure distribution
for the simplest ocase is shown in Fig.l, in
which k i3 the coefficient of permeability,
and my denotes the coefficient of volume
change. In Stratum II, the pore water pressu-
re undergoes nearly monotonic decrease with
time. In Stratum I, on the other hand, the
pore water pressure first rises, and then
falls after reaching a peak value. The peak
pore pressure oorresponds to the minimum ef-
fective stress which is related to the sta-
bility of foundations located within the
stratum,.

Fig.2 shows the ratio of the minimum effec-
tive stress to the initial effective stress,
plotted against the ratio of the coeffic ient
of permeability, ki/ks, and the ratio of the
coefficient of volume change, mvl/m¥ . As
one would exppct, the minimum effec ive stress
decreases as the surface s0il gets less per—
meable and less compressible.



In a situation where soil is susceptible
to liquefaction to a depth of,say 20m, it
will be ecnnomically desirable if we need
not oompact the soil to the full depth.But

2
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Fig.2

if we want to compact only Lhe Lop half,al-
lowing the bottom half to liquefy,we must make
sure that the surface s0il retaina sufficient
strength during the upward seepage. Two me-
thods of compaction are compared here. Point
A in Pig.2 is for a case in which the verti-
cal permeability of the surface soll is inc-
reased in the process of densification-for
example,by vibroflotation or the sand compac-
tion piles using coarse backfill. The mini-
mum effective stress is 22% of the initial
vaulue in this case,whioh mokos it possible

to design shallow fouundations. On the othor
hand, Point B corresponds to a case in which
the surface soll is densified without ohan-
ging the graln size. In this case, the mini-
pum effective stress is only 4% of the ini-
tial value, and the soil is not suitable to
support a foundation.

The effectivenesas of the vibroflotation
method in minimizing damage due to liquefac-
tion was witnessed during the Niigata earth-—
quake of 1964 (Watanabe, 1966)and the Toka-
ohiokl earthquake of 1968 (Ohsaki,1970).
There are indications that the effectiveness
can be better explained by the drainage ef-
fect than the densification effeot.
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Chairman Prof. Sh.Prakash (India)
Thank you Prof.Yoshimi.
The next will be Acopian from the USSR

Mr, Acoplan will you please

Mr. Acoplan K.A. (USSR)

The work considers the questions of inc rea-
sing of construction seismostablemess from
the point of reducing of wave effect of seis-
mic loading with the help of shielding layers.

The aim of this investigation is to deter-
mine the optimum parameters of the shielding
layer fixed on the way of seismic wave in
order to reduce the strength of seismic wave
blow on comstruction in many times due to
repeated reflections within the layer and
due to the material characteristics of the
shield.

This investigation of wave spreading in
layer plates helpme to clerity tne quesation
of ¢ffuctivness of shielding layer work whioh
estimated by the coefficient of longitudi nal
waves passing.

The investigations showed that the ampli-
tude for all oconsidered layer thicknesses
considerably reduced and the configuration
gf gaaaed impulse differs from that one which

alls.

The shielding effect of layer in respect
of the wave passing normally towands upper
edge of the layer oonsists of tb® following
footors: firsetly, the wgve configuration suf-
ficiently distorts aad ocoondly,the intensity
(amplitude) of wave reduces.

The quality analysis of films relfecting the
interference pictures of stripes shows that
the inoreasing of the la{er thickness as
well as the angle of falling impulse reduces
the impulse intensity.

In case when acoustic rigidness of layer is
more than the rigidness of main surroundings
the amplitude considerably reduces for all
considered layer thicknesses, and the confi~
guration of passed impulse changes. The thin
layers stretches the impulse in time anmd the
layers of inter in capacity shortens the
passed impulse in comparison with the fal-
ling one.

In contrast to the case of highmodule layer
the form of passed lmpulse is analogical to
the form of falling one. In this case the
presence of the layer reduces onlg the size
of passed impulse amplitude and shortens the
time of conociseness phase not c¢hanging the
form of the pulse at the same time.

Experimental material in filws of interfe-
ration piotures of stripes recelved in the
result of this experiment helped to get the
rates of coefficlents of wave passing for
the cases of different correlation of layer
:custio rigidnesses and for the main surroun~

ings.
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Received regularities of the coefficient
changes of passing of the longitudinal wave
helps to estimate the eéfficiency of the
chielding la{ers.

It shows also that the amplitude of passed
wave under different falling angles changes
slightly after passing the layer.

The coefficient of wave passing-through
the layers shows that from the point of re-
ducing of wave influence the thickpneing of
shielding layers up to the level {'=0,2\ is
quite effective:

- reducing upto 45% for the longitudinal
wave in case of horizontal layers.
- reducing upto 60% the intensity of surfa-

ce wave P,
= reducing upto 75-80% the intenaity of

surface wave R.

Chairman Prof. Sh. Prakash (India)
Thank you Mr.Acopian.

The next in our dlscussion will be Mr.
Jakovlev from the USSR

Mr. Jakovlev will you please.

Mr. P.I.Jakovlev (USSR)

In modern praotice soil pressure on the re-
taining walls under seismic conditions is
commonly determined on a basis of Coulomb'e
theory. fngineering standards of many count-
ries permit additional simplifications,the
essence of which is as follows: the existing
8oil pressure is assumed equal to a product
of a corrésponding value acting at conditions
excluding selsmic activity and a certain fac-
tor which depends on the strength of an earth-
quake. Thus, there are even no attempts made
to take into account the variations of kine-
matic and static phenomena connected with
seismic forces origination and apply the data
for the problem involved at given boundary
conditions. This practife does not conform
to the present state of loose medium theory
all the more that the error of Coulomb's me-
thod reaches sometimes, for example,when de-
termining passive coil pressure, more than
100%. Taking into account selsmic influence
these errors can be even higher.

The accuracy of engineering calculation un-
der seismic conditions can be significantly
improved using the modern theory of safe
stress state. This theory was developed,first,
by Rankine, Kdtter, Prandtl and then comple-
ted by soviet scientists prof. V.V.3okolovsky
and prof. S.3.Golushkevich.

Currently,on a basis of the theory of safe
streass state prof. F.M.Shikbiev and the au-
thor of the presented raport (1973) elaborated
a method of engineering calculation of soil
gressure in badk-fills, This method takes

nto account seismic forces in a gemeral case
of the retailning wall with inclined rough
back side and inclined surfuce of back~fill
under uniformli distributed load. The soluti-
on obtained using ourvilinear surfaces of slo-
ping contains finite expressions for the di-
mensionless factors of active and passive

pressure which were singled out. In the pre-
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sent time the computers are used to compile
the tables of the factors for different wall
and back-fill surface angles of slope,coef-
ficients of the angles of inner friction of
s0ll and coefficlents of frictionsbet¥ween
80il and wall surface. These tables can
effiociently simplify the process of calcula-
tion. Solutions are also obtained for the
case of gently sloping walls and walls with
relieving alags (Jakovlev,1971). The results
roved that on a basis of this theo seismio
orces can be taken into account both in case
of the walls with broken back side or broken
surface of back~fill and in any other cases
with complicated boundary conditions (Jakov-
lev,1966,1973; Shikhiev,Jakovlev,1972).

Tt should be noted that the tvheory of li-
miting valance treats equally all probl ems
arising in the process of interaction between
structure and soil,which is its great advan—
tage. In the USSR on a basls of this theory
the seismic activity can be taken intq acecoumnt
more accurately while determining bearing
capacity of foundations,stability of slopes
and other problems (Shikhiev,Jakovlev,1968).
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Cbhairman Prof. Sh.Prakash (India)

Thank you Mr.Jakovlev

The last in our contribution will be Mr.Bo-
urges. Mr. Bourges will you please.
Mr. F.Bourges (PFrance)

L'augmentation des charges et de la vitesse
des convols sur les voies passant sur des
remblais edifies sur des sols compressibles
peut conduire a des deflexions incompatibles
aveo l'exploitation normale de la voie. Ce
probleme se pose pour les voies nouvelles des
trains a grande vitesse traversant des zones
margcageuses, Il se presente aussi sur les
&nciennes voies qui ont supporte sans domma-
ge un trafic moyen pendant plusisurs decen-
nles et qui ont subl des deformations tres
superieures a celles admises habituellement
(qui sont de l'ordre de 2mm) lorsqu'on y a
falt passer des trains lourds atteignant des
vitesses de 120 a 140 km/heure.

Dans le Nord de la France, pres d'Abbevil-
le, nous avons recemment etudie le comporte-
ment d'une ancienne vole, sous l'accroisse-
ment du trafic en charge (utilisation de mot-
rices a ‘6 essieux de 15 a 20 toamnes chacun)
et on vitesse (passage de 80 km/heure a 120
lom/heurs).

Lo vcie repoce,por llintormedinire 4A'un
ballast de 1 m d'epaisseur, sur une couche
de 10 m de sol tourbeux (melange heterogene
d'argile,de sable et de tourbe,dont la tene-
ur en eau varie de 100% a 500%). Sous cette
couche compressible, on remcontre la craie
alteree, peu compressible,sur 10 m d'epais-
seur environ, puis la oraie franche a 20 m
de ?rorondeur.

L'observation du phenomene a consiste a me-
surer au pasgage d'un convoi les deplacements
verticaux, a"differentes profondeurs sous la
voie, ainsl que les contraintes dans le rail.
Rous nous ocontenterons de donner ici quelques-
uns des resultats les plus caracteristiques
de ces mesures et d'en tirer quelques premi-
eres conclusions. L'interpretation theorique,
en ‘cours actuellement, permettra de mieux
cerner le phenomene et, nous l'esperons, de
proposer des solutions.

L'experience a ete conduite avec une machine
a 2 boogies, chacun d4d'eux comportant 3 es-—
sleux de 17,5 tonnes, On a fait varier la vi-
tesse de la machine de 40 km/heure a 120km/he-
ure. les depldcements ont ete mesures a dif-
ferents niveaux par rapport au rail: 0,2,50 m,
4,50 m et 8 m de profondeur. Les contraintes
dans le rail ont ete determinees a l'aide de

auges de deformation collees sous le patin
u rail.

Les principaux resultats peuvent se resumer

ainsi:

1. La deflexion maximale mesuree en surface
oroit bien sur avec la vitesse (figure 1)
mais on s8'apergolt qul meme aux tres faibles
vitesses,cette deflexion doit etre importante
(alors qu'a vitesse nulle,c'est-a-dire pour
la charge statique, elle ast tres faible),

A 40 heure, on a deja une detflexli on de

19 mm soit 77% de celle mesuree a 116 km/he—
ure. La vitesse critique conduisant a une
deflexion prohibitive est lnferieure a 40
km/heure. Avec de telles machines, on peut
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dire que le probleme existe memé sux faib-
les vitesses. Notons que la deflexion est
entierement reversible et s'annule apres
le passage de la machine.

2. On constate (figure 2) que,par rapport
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Fig. 2
a la derlexion en surface, on u'a plus gue
33% de cette deflexion a 4,50 m de profon-
deur et 10% a 8 m. On peut conclure que la
deml couche superieure de tourbe encaisse
la plus grande partle des deformations.

Or, l'etude de la couche tourbeuse n'a pas
permis de deceler une amelioration des carac-
teristiques de la tourbe en profondeur. On
note que les deflexions mesurees en surface
sont plus de 10 fois celles qul sont couram-
ment adaises,

3. Les contraintes mesurees dans le rail
sont tres fortes: 10 a 12 hbars.

Les mesures ont fourni la ligne d‘'influence
des differents essieux., On recherche agtuel-
lement un modele bi-couche representant les
deux demi=-couches de tourbe: O a 4,50 m et
4,50 m a 10 m, avec des modules respectifs
Ey) et B2 differents (EL € E,): en ajustant
Eq et EZ' on essalera de retrouver la  lig-
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ne d'influence experimentale. On etudiera
ensuite la variation de cette ligne d'influ-
ence avec By et l'epaisseur hj de la demi-
couche superieure. On pourra ainsl definir
l'epaisseur minimale a traiter et la resis-
tance mecanique (representee par le module
E1) a obtenir par ce traitement pour parvenir
a des deflexions acceptables. Leé module sta-
tique non draine de la couche de tourbe st
de l'ordre de 12 bars.

Chairman Prof,Sh.Prakash (India)

Thank you Mr. Bourges for your discussion.

Professor Barkan, Professor Sinitsyn, la—~
dies and gentlemen,
You bave participated in very stimulating
discussions this after-noon on a subject
which 18 still in its infancy. The main ques~-
tions which need further investigations may
now be listed:
(1) Effect of vertical component of ground
motion on the stability of high earth and
rockfill dams,

(11) Dynamic stresses in soils due to fast
moving trains,

(iii) Bvaluation of cushions for vibration
isolation of machines

(iv) Development of simplified procedures

for evaluation of liquefaction.

Ev) Liquefaction of solls on slopes.
vi) Btochastic approach to solution of
liquefactione

vii) Limitation of existing methods e.g.
vibration table studies, cyclic triaxial and
oscillatory pure shear tests,and correlation
of results of one type with the other.

(viii) Need for newer interpretation of
existing test data on liquefaction.

(ix) Field study of liquefaction phenome-
non.

(x) Vibration transmission due to collapsing
structures

Exi) Solil testing by resonant column method

x11) Use of holography for horlizontal and
x:rtical displacements in soil dynamics stu~

es,

(x%ii) Dynamic oompaction of soil upto 10 m
to 30 m depths to improve their properties.
(xiv) Liquefaction of stratified deposita.

I believe it is a good inveatory of problems
to work upon till we assemble again in Tokyo
for IX International Conference. I am sure you
would support the idea of recommending to
the Conference to allot l- maln session to
the question of "Liquefaction' of soils. This
is clearly indicated by the interest shown by
the house in this topic,

And finally,although to-day is Priday (TGIF,
thank God it is friday),please do not over-
8leep. /e assemble to=morrow morning for the
concluding sessions. Before we disperse,I
8hall like to extend our hearty thanks to the

Organizing Committee for excellent arrangements
427

for this sessian, to Dr.Barkan and Professor
8initsyn, our co-chairmen and Mrs.Medvedeva
our Secretary.



WRITTEN CONTRIBUTIONS:

VIBRATIONG OF EMBEDDED FOOTINGJ,
M, Anspdakrishnan and
N.R, Krighnaswamy (India)

INTRODUCTION

A single-degree-of=freedom mass-spring-
dashpot analogues with the incluaion of a
Coulonmb friction damper has been proposed to
describe the dynamic response of an embedded
footing. A simple procedure by which the
constant frictionsl force of the Coulomb
friction damping can be evaluated has been
described, The report, in its present form,
deals exclusively with vertical vibrations.

THE PROPOSED ANALOGUE

The vertical vibrations of a rigid feoting
embadded in the soil can be approximated,
for example, by the simplified analogue
suggested by Lysmer (3), which in principle
apply for a footing placed on the surface of
soil, With the addition of a Coulomb friec-
tion damper F, the differential equation of
motion for an embedded footing can be wri-
tten as,

MX+CX+KX3F aalt) (1
where the coefficient of viscous damping,
Cwmi3.4rd Y/ (1 -p)

the spring constant,

K a( 40ry)/( 1-12)
the constant frictional force of the Coulombd
friction damping that is likely to be mobi-
lized as a result of embedment = ¥, the
mass and equivalent radius of the baee of
the vibrating feoting are denoted by M and
ro respactively, G.pand f = ghaar modulus,
Poisson's reatio m=nd mase density of the
soil below the footing.

A steady-state solution of !g. 1 for the
case of a constant sinusoidal exciting force
was given by Den Hartog (1), The steady-ste-
te solutions for the cases of exciting force
due to accentric rotating masses and cons-
tant type of exciti force has been presen-
ted by Krishnaswamy (2) in a convenient form
suitable for purposes of foundation design
and analysis. The solution of Eq.l upnder
traneient excitation is possible by techni-
ques such as the phase-plane analysis. The
solution procedure and the analytical
expraseicns are not prescanted here, bt canm
be found in Ref.(2), However, the final
results for the case of rotating-mass-type
of excitation are illugtrated in Figures 1
and 2, for various damping factors, D.

The proposed theoretical model can predict
the dynamic response of an embedded footing
rovided the values of M, r_, G , M ,fand

are known for a given fooginq and soil
conditions. Accepted procedures are availa-
ble to estimate all these parameters except
the constant frictional force, F. A simple
procedure is described below by which, F
can be estimated for an embedded footing.

M X/moe

00 1 | | |

FIG.1 DECREASE OF MAXIMUM
AMPLITUDE AT RESONANCE

WITH COULOMB FRICTION
FACTOR

0-2 06 10
F/moe wn

FIG.2 INCREASE OF RESONANT
FREQUENCY WITH COULOMB
FRICTION FACTOR



EVALUATION OF CONSTANT FRICTIONAL FORCE 4.
Experimental evidence from Novak(4) and
Krighnagwamy (2) suggests that the dynamic
response of an embedded footing depends on
the physical characteristics of the inter-
face betweean the walls of the footing and
the surrounding soil besides the lateral
earth pressure acting normal to the surface
For a footing embedded in a general ‘c-g'
soil, the total amount of constant inter-
facial friction that would be mobilized
during vibrations can be written as,

FelhKuypec, w1 (2

where K, = coefficient of lateral earth
pressure at rest, Y = bulk density of the
surrounding soil, H = depth of embedment,
Vs = coefficient of kinematic wall friction
between soil and foundation walls, L = peri-
meter length of the footing, c and g = cohe-
sive strength and angle of intergranular
friction of the surrounding soil, respecti-
V91Ya

It hag been shown by Krishnaswamy (2) that
a good correlation between the predicted and
obsarved response of massive concrete foot-
ings embedded in soils is possible by adop-
ting the values of Ko = 0.4, Pe = Tan (g/3)
and Cy4 = 0,01 ¢, in Eq. 2,

QONCLUDING REMARKS

Steady-state vibration tests on massive
goncrete footings reported by Krishnaswamy
(2) indicated a decrease of maximum amplitu-
des of motion and increase of resonant
fregiencies as a consegquence of embedment,
This trend is in agreement with the proposed
theoretical model, The correlation between
the field test data and the predicted values
by the proposed theoretical model is satis-
factory.
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INVESTIGATION OF PILE FQUNDATION UNDER
DYNAMIC AND SEISMIC LOAD. Barkan D.D,.,
Megevoy G.N., Mongolov Ju.V., Stavnitser L.R.
Shaevioh V.M., Shekhter O.Ya. (USSR)

The main defect of the driven piles lies
in the small resistance to the horizontal
loads which can be large during the earth-
quake.Therefore the piles needed to resist
the seismic horizontal loads are taken of-
ten in much more quantity as compared with
the vertical loads determined by calculation
So these piles are far from saving economy.

The improving ‘'of pile behaviour concer-
ning the horizontal forces may be reached
either by using the piles with great resis-
tance in horizontal direction, or by redu-
cing the horizontal loads on the pile. For
the first purpose the piles with considerably
extended cone part may be employed and it ap-
pears to be expedlent when the relatively
short piles are used. For reducing the hori-
zontal loads transmitted to the piles it is
necessary to eliminate the rigid connection
between the piles and foundation,and instead
of that to place between them an intermediate
soil cushion, made of well compacted sand
crush stones,gravel or the soil taken in situ.
wibh this arrasngement ths horizcatal lsade
transmitted to the pile are subatantively
reduced because the surrounding ground par-
ticipate in bearing capacity.

The study of 25 test piles with the inver-
mediate cushion was carried out on the loess
loam in situ on a large scale.

Besides this 15 model pile foundations
(scale 1:5) have also been tested under dif-
ferent soil conditions.The results of these
tests show that the static and dynamic hori-
zontal pile displacements and hence the hori-
sontal foroos on the piles are considerably
reduced with increasing of the cushion thick-
nese., With the thickness equal to 40cm the
horizontal pile displacements (as well as the
loads transmitted to the piles) are equal to
the 0,25-0,40 of horizontal foundation dis-
placements values (the same is for the loads)
The pile length and the cushion material do
not influence considerably on the horizontal
stresses in piles and their displacements.
0f course the extension of cross section di-
mensions reduces the horizontal displace-
ments. The horizontal vibration as it was
established has a very little effect on the
plle settlements.

The experiments with vertical pile loadings
made it possible to establish the character
of the load distribution between the piles
and the ground snd the influence of the cushi-
on thickness,its material,pile length and its
oross section on the elastic and plastic
settlements. The results of these tests have
permitted to establish the approximate me-
thods for pile designs and their testing.At
the present time these foundations with in-
termediate cushion are used for buildings
under different soil condition of the seis-
mic regions.

The study of pile rigidity has a great sig-
nificance for antiseismic designs.lherefore
the set of the tests on different soills were
carried out in situ.The driven piles were
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tested by applyling upon them the static
loads,forced and free vibrations.The results
have shown thal. the relation between the
elastic horizontal displacements and the
load is far from being linear and is of 3of%
type character,Thus the value of the rigidity
coefficient must be correspomding to the li-
mits of the known displacements. For the seis-
mic conditions the assymptotic values must
be used. By the use of the tensopiles it was
established that the elastic soil pressure
increases with depht in accordance with the
non linear law having a greater value for
the clay soils that for the sand soils.B3ut
the natural frequencies and hence the hori-
zontal rigidity of pile are influenced by
pile depht only when it does not exceed 4-5m
and they diminish with the depht in this
range.Further it was established that the
horizontal rigidity coefficient in a great
degree increases when the distance between
piles diminishes.In time it also increases
gignificantly. But when there is a free part
of a pile (above the ground) this coeffici-
ent became much smaller and-for instance when
the free part is equal to one meter the natu-
ral frequency does not exceed 20% of the va-
lue corresponding to the pile completely em-
bedded into the soil.

The theory for a cylindric pile in a soll
subjected to the plane horizontal harmonic
waves has been developped. The vertical load
from a building is supposed to be a concent-
rated mass applied to the upper end of the
pile. This end is rigidly connected with
a raft foundation.The approximated dynamic
calculation of a pile is developped on the
basis of a discrete model by dividing a pile
into the equal parts.The pressure applied to
the pile from the seismic wave is represen-
ted by a step function.The problem of fin-
ding out the forcessacting on the each part
of the pile 1s connected with the solution
of a dynamic plane elastic problem about the
interaction between the elastic waves and the
rigid inclusion embedded into a soil.This
inclusion represents the pile cross sectiaon.
Thus we have deduced the expressions for dy-
namic displacements,bending moments and tran
sversal forces as functions of the depth and
time.The results of the calculations show

that the pile length has a little influence
on the above ground bullding vibratians.
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ON AN EXTRA-QUICK SOIL OF VOLCARO-SEDIMENTARY
ORIGIN.Cozzupoli D.,R.Mortapl (Romania)

SUMMARY- In the Vulainian voloanlc distriot (Latium, Italy) the presence of a number of ola-

stio

kes has been related to the liquefaotion of an extra-quick soil.The assessment o 8O-

me geotechnioal and mineralogloal properties has pointed sensitivity values as being partiou-

larl
the

In the Vulsinian volcanic district (Cent-
ral Italy) lacustrine sediments are found in-
tercalated to the local volcanites.These sed-
iments-mainly composed of volcanlc ashes and
diatom shells- in the pumice quarries of
Case Collina comstitute clastic dykes which
cross the mass of the pumioes. The peculiari-
ty of this field aituation suggested to the
authors an _investigation of tne technical anq
mineralogical properties of the original sed-
imentary material, in the attempt to explain
the formation of these structures.
f.eThe original sediment of these dykes was
recognized near the edge of an ancient lacus-
trine basin, under a pumiceous bank. It often
shows a clear stratification because of
slight grain size variations; it can be defi-
ned as a sandy silt with a small "clay" frac-
tion. The percentage of the particles larger
than 2 mm may reach 4 + 5 % in the coarsest
levels; between 2 and 0.062 mm, the particleg
wvere found to be about 40 %, between 62 and 2
microns about 50 %, while the fraction finer
than 2 microns was generally represented by
less than 10 %,

For what regards the mineralogical compos-+
ition of this sediment, in the fraction coar-
ser than 2 microns we found: feldspars (san-
idine and plagioclase), clinopiroxenes (prev-
ailing diopsidic and egirinaugitic), garnets,
vesuvianite, biotite, anphibole, zeolites
(mostly analcime), titanite and magnetite; i»
the larger sizee there are freduent glass
fragments with a pumiceous struoture and li-
thie fragments that can be related to volcan-
ites of various types. In the fine and medium
silty fraction we also find numerous diatom
shells,

Though the particles finer than 2 microns
did not show evident orystal features at a
diffractometric analysis, they enable us to
recognize a presence, even though a scaroce
one, of c]a{ minerals, concerning the groups
of montmorillonite, illite and halloyaite.
This has also been confirmed by the results
of the thermal analysis whioch pointed out a
presence of clay minerals not higher than 20%

of this fraction, including incidental clay
amorphous species. The remaining 80 % of the
"clay" fraction is formed by not yet argilili-~
fied glass fragments.
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high, this owing possibly both to the presence of dlatom shells in the sediment and to
ow peroentage of true olay minerals in the fraction finer than 2 miocrons.

This soil is found in situ to be saturated
at 100 %, with low densities ranging from
1420 to 1.24 g/cm3, a porosity of nearly 80 %
and a moisture content ranging from 134 % to
146 %; some levels, a fev mm thick, may show
higher moisture contents up to 160 %. The
ranges of the Atterberg limits (see table 1)
are:

W, = 63 # 69, wp= 46 ¢+ 49, IP =-17 ¢ 22.
In two samples the percentage of "clay"
fraction resulted 7 % and 10 %, when the ana~

lysis was performed so as to preserve the
shells of the diatoms; such percentage rose
up to 12 % and 15 % respectively, when on the¢
contrary the material was remoulded with the
fingers for a long time.

In fig.l we reported the cumulative grain
8lze curves of sample n.% obtained with the
two different treatments: we can see the cur-
ves coinciding for values higher than about
lolmicrons and splitting only for lower size
values,
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Tig. ! - Grain size curve of sample n. 9a
+«ith (r) and without (u) breaka-
re of Aiatom shells.

In order to calculate the values of activ-
ity we referred to the lower percentage val-
ues of the "clay" fraction, assuming that
plasticity comes only. from the fraction finer
than 2 microns being present in the samples
before their remoulding. In fact samples of
pure diatomites, like those of Riano, North
of Roma, result to be not at all plastic; ac-
cording to that the silica of the shells of



thegse algae benaves like quarz that has no
Plasticity in the finest sizes (von MOOS,
1938) and therefore has:no activity (SKEMPTON
1953)« In this case, for samples:-n. 7a and 9a
we obtained the twn activity values 2.2 and
2.4 vhich are very high and certainly not due
to the clay minerals, which appear in the sap
ples in a very low quantity. Such activities
are therefore due almost completelv ton the
‘tiny voloanio glass fragments being in the
fraction finer than 2 microns..

It 18 to be pointed out that deposits of
volocanie origin are frequent in Latium and
they are considered as. tuffs, showing a clear
plastiolty, activity values iike those des-
oribed, and High sensitivity to remoulding.

1n oraer to determine the sensltivity of
the examined soll, we measured the shear
strength on undisturbed samples showing the
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Fige 2 = Correlation between unconfined com

pression strength and strength pa-
rameters,

highest uniformity; using unconfined compres-
sion tests. From comparison with the results
obtained by the pocket penetrometer, we not-
iced both the uniformity of the tested mater-
dal and the coincidence of the values obtain-
ed in the two kinds of testse That allowed us
Lo extend the measures, by the pocket penet—
rometer, evento those levels notv sufficiently
thick to carry on the unoonfined compression
tests. FPor those levels too thin to be teated
even by the pocket penetrometer, we used a
fall-cone weighing 400 grams with a cone ang-
le of 30 degrees; in fig 2 diagram the
strength parameter <%par (HANSBO, 1957) of
fFall-cone tests are compared with the results
of unconfined compression and pocket pPenetrom
eter tests. The uniformity of the ratio -

qe/2

‘Bpar

Su
T par
betwveen the two series of values, equal to
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147, justifies the use of the fall-cone., In
such a way we could compute cy maximum values
equal to 2.0 Xg/cm? in a finer grain size ley
el with a moisture content of 160 %, into
which the cone penctrated repeatedly for 4.5
Mo
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Fig.. 3 — Consistency curves from vane and
fall-cone tests at various moist-
ure contents for sample n. 9b.

The shear tests were always performed per—
pendicularly to the stratification; unconfin-
ed compression tests performed on samples tak
en parallel to stratification showed a reduc—
tion of the resistence, &.g. from 0.88 to
0.45 Kg/cmz.

The shear strength values on remoulded sam
Ples were obtained by laboratory vane tests
and compared with the results of a fall-cone
weighing 646 grams with a cone angle of 60
degrees., The shear strength in the vane test
was 7+5x10~5 Xg/cm? for the sample n. 9b,
with an average moisture content of 139 %;
the corresponding strength parameter resulted
to be 2,35x10=5 Kg/cm2, with a very low ratio
kgo '0f 0403, Considering these results, the
two kinds of test were repeated at lower moig
‘ture contents leaving the sample to dry in
‘the air and without adding water. Results are
reported in figs. 3 and 4. We can notice that

kqp and kgg HaVe very different values at dif.

2
o
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ferent moisture contents, reac.hing maxima in
correspondence with the liquid limit.

The remarkable Fluidity in the remoulded

material can at least partially be referred
to the breakage of the diatom shells.
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Fige 4 - k3g and kgg values versus moist-

ure for sample ne 9b,

Because of the difficulties due to the flu
idity of the material, the falling of the co-
ne was measured observing the mark of the mat
erial on the cone after a very quick deepen-
ing; the following table 2 dhows the sengiti-
vity values obtained in tests performed on
various parts of the sample n. 9.

sample ne 7a 7b 9a
vy, 69 69 63
Wp 49 47 46
IP 20 22 17
w 139 140 134
IL 445 442 52
% <2 m 10 7
(undisturbed)
%<2m 15 12
(remoulded)
A 202 2.4

Table 1 = Physic properties of samples ne
7a, 7b and 9a.

The particularly high sensitivity of the
te tested soil allows us to suppose that the
lake deposits lying under Case Cgllina pumic-
eous materials intruded into the upper masses
in the form of clastic dykes along discontin-
uity surfaces, in relation to a sudden volcan
ic event,

It is worth pointing out here that we find
quite a different sedimentation environment
for the extra=quick solls, considering that
these soils can generally be found in the pe-
riglacial environments. The common element of
the two kinds of gdeological environment is
the presence, of different genesis, of a high
percentage of non-clay minerals of less than
2 microns in diameter,

v ou (kg/cm?) | ¢, (xg/cm?) 5
(undisturbed) | (remoulded) °t
139 049 7+5x10=5 | 12000
146 1o 5¢5x10=2 | 20000
160 2,0 245%10~° | 80000

Table 2 - Sensitivity values of various
parts of sample ne 9b.

It is shown that sensitivity increases,
for a given sediment, with decreasing values’
of plasticity index (RJERRUM, 1954); thus
this increase can be explained by the presen-
ce of non-clay minerals into the "clay" frac-
tion. The extremely soft’ structure observed
can be related to this presence,
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BEHAVIOUR OF SUBGRADE SOILS UNDER SURFACE
PULSING LOAD, M.Goldstein,L.Lapidus,O,Reani-
kov, V.Storojenko,N.Sinaevsky.

SYNOPSIS, The influence of the pulsing load
on the shear strength of different solls and
the swelling and consolidation processes was
investigated. The design coefficients for
the transition from the static shear strength
to the weariness strength limit are estabe
lished. The dynamic load action results in
reducing the swelling process speed and in
stopping the clay consolidation. The loamy
soils are compressed only partly in compari-
son with the static conditions,

‘The investigations were conduoted using the
electromagnetic pulse-loading apparatus. A
frequency and duraction of the loading was
program controlled,

The angle of dynamic internal friction of
saturated clays under triaxial JU-test was
muoh less in statio tests and often was equal
even to zero. In this tests the frequency was
equal to 1 herz and the loading duration -
to 0,2 sec. The results remained the same un-
variation.

The consolidation and swelling were inves-
tigated in the odometers. The regime was just

.a8 in the real rallway subgrade under the

live load action: each 200 eycles of the pul-
sing load were followed by the 15 minuts rest.
The cansistence limits of the tested salls
were: the clay- w,=58,3%; wp=31.8%; the

loalll - "r= 25'6%. 'pals.'m.

The relative swelling was eéqual to 13-15%
under statio tests and 5-7, under pulsing
pressure equal to 1,2 kg/om<. The clll;éy swel-
ling preasure was equal to 1,0 kg/cm“. When
the load was not more than 0,7-1,0 kg/cm
the swelling was going on both during the
reat period and during the gulsing load ac-
tion. Under the greater load the swelling took
place only during the rest periods.

The consolidation of the clay was absent 2
when the pulsing load as large as 2-3 kg/cm'
was acted during 50-100 hoprs. From date re—
ceived in these experiments the reliable con-~
clusions could be wn about the wvalues of
design parameters for the dynamic of salls
analysis,

The ¢ test of loam asoils showed quite
different resultg. Ko swelling occured under
pulesing load, in spite of great swelling un-
der static conditions. On the contrary the
consolidation of the loam under pulsing load
come to an'end wore quickly than under the
static load. But the sall gensit'y values af-
ter the dynamic consolidation are less than
after the compression under the static load
of the same magnitude., It was noted that ad-
ditional c¢ampression under amaller static
pressure took place afver the dynamics comp-
ression was finiashed,

Due to the short duration of the each load
cycle the density of the subgrade cobhesive
solls don't increase., So the spherical com-
ponent of the dynamic stress tensor don't
influence on the internal friction and the
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s01i resistance to the deviator depends on-
ly on the cohesion, Really, our experiments
have confirmed that the angle of internal
friction of clayey soils under the pulaing
loads was practie¢ally equal to zero

The loading cycles number results in
decreasing the unoconfined gInaMc strength
(dynamic cohesion) diminishing to the wea-
riness limit. The weariness limit for ti®
loam is approximtelz equal to (0,5-0,6 G‘Stg
and for the clay -0,4 Gy (64-the unconfine
quick strength).

Accordingly in the dynamic stability ana-
lysis of the road subgrade the dynamic soll
atrenfth must be taken equal to the weari-
ness limit.

The ultimate bearing capacity analysis of
the railroad subgrades based on the theory:
of limiting equilibrium and the above deac-
ribed data on the dynamic soll strength
have shown satisfactory coinsidence with
the field observations, :



THE STUDY OF RESONANCE PROFERTIES OF SOIL ON

BUILDING SITE. Barkan D.D.Golubtsova M.N,.(USSR)

To determine the seismio properties of so-

lZgi.ng near to the surface and oconsiderab-
1y influencing upon the intensity of seismioc
foroes the experiments in situ have been car-
ried out.For thispurpose the steady state
barmonic waves with different frequencies
(of 4 to 20 Hz) were excited by means of the
inertia type vibrator placed on the soil sur-
face and produe the vertical vibrations.
The vibrator exoiting force was 5 tons,

The soll was represented by different ley-
ors of Macroporous loams of hard oconsistency,
of sand and of sandy clayey soils.The water-
level was below 20 m,

The vibrations were registered by means of
the vibrograph VEGIK on the vibrator founda-
tion and on the so0il surface (vertical and
horizontal components) at the different dis-
tances from the source (5 to 100 m). The ma=~
ximum amplitude of the vibrator foundation
was 1 =mm,

As result of these experiments the wave
Eopag&tion veloclty as well as their damping
function of a distanoce from the source

have been found,

The principal attention was paid to the re-
sonance properties of the test site soils,The
test data allowed us to plot the resonance
curves of the foundation-sall system and as
consequence to determine the relationships
between the vibration amplitudes of the soil
at the different points from the source and
the frequencies,Besldes the values of the
801l amplitude and the asource foundation amp~
litude ratio (As/A; ) as function of the fre-
quencies have been determined,

Tho rolatiohdship between the ratio As/Ag
at the diflereul pulalL show that the soil sur-
face layer has the resonanoce frequencies
which do not coincide with the resonance
frequency of the soil foundation system.In

ils
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our case this frequency is equal to 15Hz.The
tests show that the greatest values of the
ratio Az/A; ocorrespond to the interval of
12Hz, maximum being at 7Hz. Referencing to
the Figure it can be seen that the general
shape of the curves Az/Ap at the different
go:.nts of the 301l surface is quite the same,
ut this ratio decreases with the distance.

The above-mentioned results may be used
for the evaluation of the effect of the
soil condition on the intensity of the seis-
mic forces developped on the soil surface
and they confirme the perspective of the .
application of the steady-state wave to the
investigation of the soil seismic properties.



Dr.Gorbunov B.P.,Stepanowa E.W. (USSR)

Nous avons recherché eu theorie la mésure
R,dependde de la pression en l'injecteur et
de son rayon. Cette mesure est un rayon di-
rije en haut de l'injecteur,qui nous apple-
rons "ort"

—
a

Ou K’- poids volumetrique de coilis,

Le changement temporel dg la nature de oou-
lis noua pouvons exprimer a l'alde de visco-
8ité de coulis,au entee pendent le temp de
formation du gel (de Ta b o)e

Il est fixe la dependance du temp t et de
.la viscosite (pour KI-})

(@)

g%, 51
9 /“Q
Le metode de superposltion et la metode de
changement des regimes stationnaires nous ont,
donnee les formules des rayons de la diffu-

sion coulls depend du temps et de la pression
oonstant del injecteur

kehe T T
._E———:— (3)
nhne v
K- ooefficient de permeabilite du sol

indiquéd a 1l'aux
2 - visocligltd d'aux
-~ porosité de sole
q = fonction de diffueion du rayon de
ooulis

¥ - fonction de changement de viscosite
Boit R DY r pour le, rayon dirige en hamt

(1)

ou

¢, = g b f5§'— 4 )

pour le rayon dirigé en bas
- ¥-ozctok (5)

, art
pous le coulis 1mponderab1?3
g g .

C-T=Ts5= £ (6)
oug Z?f (Qb/ 02+QCCSIH8) )

Soit 0<0,3 ¥20 suffisament precise,
essalr donne

t
de£%rgineg e temps, ou

que determiner le rayon (3).

Pour cela il faut 'abord tabuler et repre-
senter grafique les fonotions (4,5,6,7).

La difference entre le rayon pratique et
le rayon calcule est negligeable en ces, dl
la pression en l'injecteur n'est pas demoli
le sole,

En utilisant les injecteurs perfores, nous
devons changer la 9§esaion P par la pression

le rayon gour que
onner e témp pour

P; pour calculer l'injection
p Ny (8)
L 23?&) ‘j

N-nombre d'orifices
ry- rayon d'orifice

A l'aide de ronotions et de "orte™ nous
avons recherche: la formule,le rendemént
de pompe, assurde la preaaion donnee,.

Q= ¥Tkplt g2 9

ot la formule de volume des sols consolides
autour de l'injectewr

V= lu"R""_

Cettes formuls peuvent etre wilise pour
le projet de la consolidation des sols et,
nottament, pour lt*injection des coulis a
1t'gide d'injecteures haurisontaux,

(10)
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CALCULATIONS OF EXCESS PORE WATER
PRESSURES IN SATURATED SOILS UNDER
DYNAMIC EFFECT .

PJ.Gorelyshev, Al.Smiltnek, L.A.Eisler (U.S.S.R.)

The paper presents a calculation example of excess
pressures under vertical vibrations of a saturated
soll layer iaklng into account variations in the stress-
strain state of the soll skeleton under dynamic loads
and test data on the accumulation rate of irreversible
deformations in the above condition. Analysis was
based on the data obtained from lesting a saturated
sand specimen of 1 m diameter and 3 m high at a
value of f¢3 averaged over the height and equal to
1.49 gmjcm® ( D = 0,3), the tests being performed
on a large shaking table with vibrationfrequency

# = 10 cps and acceleration d, = 0,2 g at the Dnep-
rodzerzhinsk Branch of the All-Union Research Insti-
tute of Hydraulic Engineering. A value of the skeleton
reversible strain, 8,, wae taken as a fundamental
parameter characterizing the soil stress-strain state
in different points of the specimen over the helght,
For the case under investigation (a small value of
the permeability coefficient and an almost complete
saturatlon) the above value of €o is defined chlefly
by water elastic properties and is independent of the
skeleton static stress state. In the condltions corres-
ponding to the above E4= 0,16:10-5)% , where X -
depth of a point in the soil specimen In m ., Investiga-
tions of agcumulation rate of irreversible volumetric
strains ( €p) in soil skeleton for the prescribed va-
lues of &,(x), f = 10 cps and B = 1.49 glond
according to stafic load ( 6% ( and vibration tme ($),
were carried oul small-slze shaking table with spe-
cimens of 16 cm in diameter and 6 cm in height The
static load was simulated by loads ensuring the ne-
cessary values of 6y and &» by an appropriate
cholce of the load mass and acceleration of the shak-
ing lable vibration. This testing procedure reproduces
more closely natural conditlons of a soil element dyna-
mic loading than the currenlly used method of non-
inertia loads. The, expgrimental results can be present-
ead av a rulaion Bp = 8,6 (T 8 )mp(At) where A o
(0,044 0.01) '/sec and the relation é,, (55) 1= plott-
ed in Fig. 1.
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Fig. 1 Curves épo‘ é”(‘;) and Kg=K; (6,)
for different values of &q.:(&g,= 0810 %h)
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Due to the presence of water in soil pores and the
impossibility of attaining irreversible strains in the
soll skelelon under short-term loads [1f, the rate of
decrease in the static stresses in the skeleton (6)
and the consequent increase in the pore water pres-

sure (P) arz rsPresented by the relation P8t =
Tt = Kg p(%,€,,t) . Experiments on a small-

size shaking table have shown that the elastic mo-
dule, Kg , is dependent on ‘, « This relation is pre=-
sented In Fig. 1. Surplus pore water pressure ( U )
for a 3 m lhick specimen of sand were calculated
using the non-uniform consolidation equation

aU_adtl _oP(%E L)

w-VIxE T =% (4)
The average wvalue of a" which proved to be equal
to 1000 cm/sec was defined from tests performed on
a large scale shaking table (Dneprodzerzh.i.nsk
Branch of the All-Unlon Research Institute of Hydra-
ullc Engineering) according to the consolidation time
of saturated sand after the removal of dynamic load.
The value UQ,t) was calculated by the finite differ—
ence method under zero initial aridd upper boundary
conditions. On the boundary X s 3 m it was assumed
that ®4Hx = 0, Changes in % were defined for
each time slep, and values of Kg(X) and &, (0
were corvected using the plots shown in Fig.l. Calcu
lation resulis are presented in Fig. 2 together with
the surplus pressure values obtalned by testing

23 m thialy mand ~all cnAciman
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Fig. 2 Surplus pressure distribution over the depth

of a 3 m thick specimen for different time
moments, ( calculated, == - - - tested)

The analytical and experimental data are in fair ag-
reement. Some discrepancy In data may be attri-
buted to a possible non unifor of the specimen
and the time necessary to set oscillations of the
shaking table ( ~ 1,5 sec) which were not included
in computalon, The calculation method proposed may
also be modified for non-uniform soils and more com-
plicated cases of static and dynamic loading.

UTERATURE

1. Eisler L.A. K voprosu o vozniknovenii yavienija
razzhizhenija vodonasyshchenyh gruntov. Izvestya
VNIOG, tom 83, 1967, str, 371-378,



VIBRATIONS OF MAOHINE NUUNDATIONS.
+ Ve Nodpat « PodoDemal, S5.U.

S.K.Gunha
a1 (Indie}

Cenvral Vater and Power Researoh Station,
Pouns. had undertaken dauring the last decade
or so extensive prototype vibration survey on
about thirty massive machine foundations (both
blook and frame type) founded on various types
of soil in India in order to compare the
experimentally observed vibration intemsities
with those theoretically caloulated ones
(Barkan, 1962) and also to evaluate, in quan-
titative terms, the influence of type of soil
on observed foundation vibrations.

Suitable experimental set~-ups ocomprising
Ph:.ligs Eleotrodynamio pick-ups with recording
osoillographs, three-component Sprengnether
Seismographs (xso and x500) eto. were used to
meagure the vibrations at the foundations when
machines were working under normal comditions.
Vibration measurements on blook foundations
founded on soft soil, weathered and ocompaoct
rock eto. have aonspicuously revealed predo-
minant inrluence or type of soil on vibrations
Vidbrations of foundations resting on sort msoil
are aocentuated several times more than those
resting on compaot rock speocialiy in case or
low frequenoy machines (Reissner, 19%6; Barkan,
1962), Similar extensive prototype vibration
survey on frame foundations in thermal power
stations has revealed that the observed ampli-
tudes of vibrations im the horisontal ocompo-
nents are oomparable to those 1n vertical oom-
ponent. On the contrary, theoretically ocompu-
ted amplitudes of vertical vibrations are
generally muck larger than those experimentally
observed while the oomputed amplitudes o1
horigontal vibrations are much smaller than
the experimentally obeerved ones (Guha et al.,
1973)., These deacripanoies may suggest that
the various assumptions involved in theore-
tical analysis of frame foundations may not be
fully valid in asseseing dynamic behaviour of
frame foundations., However, in such cases

+ theoretical computations have been done

* assuming non-ylelding roock formations and
henoce do not provide any rational method for
obtaining influence of type of soil om the
vidbrations of frame foundations, The results
of theoretical oomputations would thus reason-
ably correspond to compact rocky formations.
As the frequenoies of these maochines are
generally high (50 ops) vibration intensity
0es not vary so conspiouously as the low
frequenoy machines on bloek foundations.

Earthquake intensity on very soft soil oould
acoentuate upto ten times or so of its value
on ocompaot roak formations. Kanal et al.
(1966} had made extensive theoretical and
experimental investigations on amplification
oharacter of soil layer during earthquake and
had developed quantitative method for estima-
ting amplification factors for various types
of soil. Earthquake response spectra are also
largely dependent on soil character and could
thus quantitatively explain influenoes of soil
layers on damages to structures. Theoretical
and experimental results of vibrations of
rigid foundation blook resting on elastio
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ol v, and Wy,
densities of o;eranrde

half-space by Reissner (1936), Barkam (1962},
Agarwal ot al. (1971) eto. had amply corrobo-
rated the influence of elastioity orf half-
space. Enhanoement of vibrations of block
foundation on elastic half-space could also
be explained from soll amplifiocation faotor
(Kamai et al.., 1966) following anilogy in
earthquekes. in absence of exaot theory of
frame foundation founded on elastio hnalil-
spage, the following soil amplirication faotors,
Gf;g, of Kanal has been used and cowla reason-
ably explain the relative enhancement of
vibrations of frame foundation founded on

elastio half-space : .

e [

v/ ‘,J o ./-T) Jl’" ' (‘/'/0,' ‘ ' -
P VAR :
where, T, 18 the predominant period of site vr
microtralior period, T = period of earth waves

V. 71, are velooities
soil laver (aub-
seript-l) and of z;?—stratm rock (suvseript~2)h

Vhen T = 4!/'1, [e] AV at resonance,

In order to verify the effieaoy of the soil
smplirication faasvor, @(T), im explainimg
enhanocement of vibration intensity of both
blook and frame type roundations, G(T) values
camputed from above sguatien, for various
assumed parameters or local soil oonditions
at respeotive sites and the amplifioation
factore observea from the actual prototype
measurements on both dblook and frame type
foundativus, are found to be of similar order
(betwesn 1 and 3)., Corrected vibration ampli-
tudes of foumdatiom could tlms be A x G(T)
wvhere 'A' is the ocomputed amplitude of frame
foundation aagording to present theory of non-
ylelding type of o*. Thus, the so0il ampli-
fication factor, G(T), as odtained from the
above method can euiiy be applied to assess
the relative inorease in vibration intensity
of macnine I0UNAAT1ONS restmg on various
types of s0il (Guha et al., 1973),
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MEASUREMENTS OF DYNAMIC PORE PRESSURE
BRY PILE DRIVING K, TSHIHARA (JaPAN)

INTRODUCTION

Most of the works ever done for assessing the
likelihood of liquefaction of the ground during
earthquakes are based on the information of sand
behaviors obtained in the laboratory teet on dia-
turbed samples. Since there are several factors,
such as relative density and cementation effect,
which make it difficult to simulate exactly the
field conditions in the laboratory samples, it

would be neceseary to develop some vibratory test
procedures that can be operated in the field. Imn
view of this, an attempt was made, in a reclaimed
sand depogit in Chiba,, Japan, of measuring the
increase in pora pressure caused by the vibration
due to driving of compaction piles (Ishihara-Mitaui,
1972). Subsequently, the similar tests were done in
Tokyo, but this time in the sand deposit of alluvial
origin., Thimr mapnrt deascribes the performances and
results of the test.

TEST PERFORMANCES

The playground of Takasago Middle School loceted in
the lowland area of Tokyo was chosen for the test
site. The place, congisting of a natural levee
deposit, has a soil profile as shown in Pig,l. The
whole déposit couslsts of fine sands except that a
layer with greater silt parting is sandwiched
around the depth of 4.5 m. The grain size distri-
butions of the sande at three depths are shown in
Fig.2.

The test proiect involved the use of a 30 em in
diameter pile driven by a vertically acting vibrator
to produce vibtration in the ground, At the distance
of 1.0 m from the location at which the pile was to
be driven, three bored holes were drilled, as shown
in Fig.B(a), each to the depth of 4.5, 7.0 and 10.0
m, and a cyTindrical capaule whose profile is shown
in Fig.4 was placed at the bottom of these holes
after washing out the fines and then backfilled

with the sand. The capsule weighing 16.2 kg encases
a piezometer and a vertical accelerometer and has
many small holes round the side wall to permit free
drainage of water to and from the adjacent sand
deposit., A cone-shaped tip is attached to the end
to help the capsule pushed upright into the bottom
80il, After all these arrangements had been tin-
ished, pile driving was started using a 30 ton vib-
rator operating with & frequency of 17 Hz. The pore
pressure and vertical acceleration as they changed
during plle driving were picked up electrically and
recorded on oscillograph papers. Similar tests were
performed repetitively four times under identical
conditicns at the same test lot.

TEST RESULTS AND DISCUSSIONS

F1g.5 ehows the variation of excess pore water pres-
sure and accelerations with time. The pore pressure
fluctuates within each cycle with the mean value
shifting away from the static pressure. It is this
shift divided by the initial effective overburden
pressure that is plotted in Fig.5. The depth of
pile penetration 1s also shown in Fig.5 against
elapse of time. Fig.5 shows that the acceleration
reached i1ts maximum when the pile was driven down

to about 1.0 m above the point of measurement and
then decreased faily acutely aa the pile passed by.
The pore pressure changed almost in accord with the
acceleration. There are good reasons to believe
that, once the pore pressure decreases the densifi-
cation of the sand occurs and the virgin state of
the deposit is destroyed. Therefore, if the lique-
faction potential in the virgin state is of concern,
it is necessary to pay attention to the pore pres-
sure behaviors at the stage where it still is in-
creasing, The amplitude of vertical acceleration
at the time whem different pore pressures were
reached for the first time was read off from Fig.5
and replotted in Fig,.6 against the corresponding
pore pressure. The average data points in Pig.6
are approximated by straight lines, and the blow
counta obtained at the depths where pore pressures
were measured are also indicated. OJiwmllar data
obtained in the previous test under approximately
identical conditions on a reclaimed deposit in
Chiba (Ishihara-Mitsui, 1972) are also plotted in
Fig.6., It is seen that the magnitude of accelera-
tion required to induce & certain pore pressure
increases as the blow count of the layer increases,
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but the rate of increase in required acceleration
appears to be different between the two series of
tests being considered. To clarify this point
further, the accelerations required to raise the
pore pressure by an amount equal to say 10% of the
effective overburden pressure were read off from
Fig.6, and plotted in Fig.7 versus the correspond-
ing blow count, Good correlation between the blow
count and the acceleration seems to exist within
each of the test series, but the relationship of

4

this kind is quite different between these two
series, In explanation, a greater acceleration is
required in Tokyo test site than in Chiba site to
raise the same proportion of pore pressure, although
the density of the deposit as represented by blow
count is supposel to be the same, This consequence
seems to indicate that there are some factors relat-
ed with the pore preasure characteristice which can
not be accounted for by the N-value alone. At the
current state of knowledge, it is difficult to
define the factors, but it will be interesting to
see the apparent differences which prevailed be-
tween the two test conditions, First of all, the
alluvial deposit in Tokyo is considered several
hundred years old or even older, whereas it was only
about one year after reclamation that the test was
run in Chiba, The age effect as possibly represent-
ed by cementation and the like may account partly
for the difference. Secondly, the ground water
table in Chiba site was located about 0.5 m below
the ground surface, whereas at the Tokyo site the
water table was about 1.5 m deep. The difference
in the level of water table seems to come out more
predominantly than it is taken into account by
dividing the pore pressure by the effective over-
burden pressure.

CONCLUSIONS
Pore pressure measurements performed during vibratory
pile driving into a saturated alluvisl sand deposit
have shown that there exists an unique relationship
between the blow count and the acceleration level
required to develop a given pore pressure near the
driven pile. This relationship was established for
the alluvial sand at Tokyo best siteand compared -with
the similar relationship obtained in the previous
teat on the reclaimed sand in Chiba, The comparison
has disclosed a difference in pore prespure develop~
ment potential between these test sites which can
not be explained by the difference in blow count
alone.
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SAND LIQUEFACTION AND ITS ARNALYSIS AS FATIGUE
Pﬂﬁﬁﬁﬁ: Y.Temozawva Iwasaki Ulpm»

CHARACTERISTICS @F SAND LIQUEFACTIOR

Somw characteristics of the sand liquefactiom ob-

taised by laboratory tests by many investigators

show that the liquefaction is a special type of

the fatigue failure of undrained saturated sands

under cyclic loading comdition. These charncteri-

stics of liquefaction common: to general fatigue

phenomenon arej

1. Without significant plastic deformation, satu-
rated sands fail umder cyeclic lond!.ng.ﬂ

24 Cyclic shear strese with an smplitude smaller
then the static shear strength causes failure,

3. The stress amplitude becoses amaller, the num-
ber of c{olo- required to cause failure becomes
larger.l

o With the same sand, by the same method of tes-
ting, there are some scatterings in the test
results,

8~N CURVE FOR UNDBAINED BATURATED SAND AND ITS

FAILURE

The results gt oyclic simple shear tests by Seed

and Peacockl) are replotted in Fig. 1 as am exam-

ple of 8-R curve for liquefaction and .can be ex-

pressed by the following equation (1) .
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wg | e | 1l
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o \q,:,;!_xq.o_:. L
| _ [
° o [ 1000
N Cpelis sumber
FiG. 1. S-N Curve for Liquefaction Oblained from Cyclic Simple

Shear Tesis — with lines of probability to liquefy.

o
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e
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+7 (60}

where,

T3 cyclic shear stress applied on the potential
failure surface.

a’s vertioal effective stress applied on the po~

vV tential failure surface before loading oyclic

atress,

Ryt relative density of the sand,

N} pumber of the applied cyclic stress required
to cause failure.

‘;:9; pa‘ameters..

Assuming that Al and @ are conestant and that the

scattering depends mainly on a probablistio para-

meter ) which shows normal distribution., Those

constants and parameter are eatimated by nonline-

ar regression analysis. The standard diviation of

¥ 4m 0,013 snd the 5-N curve is expressed by the

following equation (2).

0.23
_ 0.071 +0.013k (2}
0v R NO¥Z
where km 0,0 for probability of failure 50%
ks 2.0 " 95%

ke-2.,0 " %
In this study of liquefaction analysis applied

1)
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for Fiigata, the value of ks is adapted, however
for design purpose for important projects ke-2.0
may be used with much larger safety.
Bince those 8-N curves are obtained through coms-
tant stress smplitude tests, it could mot be app~
1ied direotly to random stress case like in garth
quake motioms. To analyse such random stress of-
fects on the fatigue failure using S8-N curves ob-
tained by constant stress amplitude tests, it is
common and convenient to define the Life of the
material to be 1,0 before lomding and become to
gero at the failure, If the material is loaded nj
times with a conetant atress amplitude 81 with
which N; times loading causes failure of the mat-
erial, the Life of the material is assumed to ée-
crease from 1,0 to 1.0-n3/N,. If some randoa st-
resses with various amplitudes of 83, 82,..,8x
ars applied with number of loadings of mn3, Dp..ny
respectively, the Life of the material left after
these randoa loadings is assumed by the following
equation(3) . X

a,

[-1—*—‘51 (3

When the value Life decreases to cero, the fatig,
ue failure is assumed to occur.

AN ANALYSIS OF LIQUEFACTION IN KIIGATA OF 196k AS
FATIGUE FAILURE,

Using ehear stress history in the ground based on
the accelerograme recorded at the liquefied area
in Niigata eity, an analyeie of sand liquefactionm
as fatigue failure is showm bdbelow.,

In Niigata city the area was diwvided into 3 sones
according to the earthquake deamage; A-sone: No
dsmsage, B-sone: Light damage, C-sone: Heavy dama-
ge, shown in Fig, 2.2

Life s 1.0 -

Fig.2 Domaged Zones in Niigata

The profile of the pection 5-8' is showm 1m Fig.3.
The difference among these szones are that while C
zone shews verp high water table with very lesse
sandy ground, A and B sones consiet of loose sand
with different water tables, Water table in B sone
was very high as in C sone but A zone showed rath-
er low ground water table(see Fig.3).

A-Zone Fi9.3 Protile ot the Section along S—-§

SI

W.T

Accelerograms are ehown im Fig. 4 recorded at the



Fig-4 Record of Ground Accelerations
during Niigata Earthquake

{ iﬁgg dgl‘!’m , Bacement of No-2 Apt-Bulid-)
6 5 A8 i5 20 25 30

NS Comp- (along short oxis of the bullding)

80 gal
UD Comp-

B EW Comp: |§w

base of an apartment building at Kawagishi-cho,
Niignta, vhere many buildings were tilted heavily
without structural demage due to liguefaction of
the ground, It should be recognized that the acce-
lerograms change their shapes after 10 sec.. The
doainent high frequency coaponents auddenly disap-
poar apd then rsther law frequency movemeats take
place especially for N8 component which coincides
the sbort axis of the building. This abrupt ohange
of the motions may be explained as the rocking mo-
tion about the long axis of the building was st-
rongly imduced after the ground was liquefied and
become ™very soft foundatioan". These surface acce-
leratios recorde were used to estimate shear stre-
as hietory in the ground of Niigata area. Assuning
horisontal amotions are maisly due to vertically
transaitted SH-wvaves, the wave motions in the gro-
und may be calculated from knowm surface motiome
by multiple reflection method.. An exemple of the
calculated shear stress history for the depth of

5 m below the surface in C sone is shown in Fig.5.
Water table in C some was about 1 = below the sur-
face, Standard penetration teat results in Niigata
shows that subsurface of 5 =10 m thiok has relati-
ve density about 40 - 0 A,

T (Kg em®)
02

0 MW_
_0‘2;1 't A i A i A

(o]

(atong long axis )

PR

Fig-58 Shear Stress H s
- r Stress His
in’C Zon ry at DepthSm

Assuming umit welght of sand 1,.8g/0@> above the
water table and 2.0g/cm3 below the water table,
effective overburdenm Iruuru are caloulated.
Bince it wvas proposedl) that the cyclic etress re-
quired to cause liquefaction under level ground
condition in the field would be about 40 -50% high-
er than those shown in Fig. 1, 45% higher level of
B-N curve than in Fig. 1 is used to analyse the
liguefaction in this study. The eatimated Life of
the saturated sand 5 m below the surface in C sone
is calcunlated and shown in Fig, 6, The Life decre-
ases with time from 1,0 to sero when the fatigue
failure takes place mbout 8 esec,

0 5 10 15
fallure = WT-=GL “I1-Om
,_'_ C-2one
o surface

Fig-& Decrease of Life with Time

In C-cone,the same proce-

dures are applied to vari- o 1.0 0.5 (0]
ous deptbe to obtain Life. C- Zone

The variation of Life with < < o
depth at several times are el et \ai
coaputed and showm in Fig

o 7+ Also in the Pig, 7, 2t

variation of Life for B=- Rd

sone and for A gone are 85s
shown, They indicate that =457

C sone of heavy damage 4.0

area liquefied at about 8 4 -

sec, at the depth between 6.0

4 and 8 m, B gone had al-

most liguefied, while A E )
sone did not liquely, whi- "'6_ 2
ch corresponds well with o
the degree of dmge,; - £ o
served in the field.¥3) Q k0o, =
CONCLUSION. o |
It is proposed that sinoce sl

liquefaction of saturated

sapd has many common Asp-

ects to fatigue phenomeno- 70%

B, it may be called and
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as more Life Life
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nonlinear Fig.7 Change of Voriation of Life with
regressio- Time In three Zones

n analysis

s B=N ourves with probability of failure for a
oinple shear teet results are obdtained,

Life of the saturated sand usider oyclic loading
is defined and a method to estimate the fatigue
analysie for liquefaction is proposed.

Fatigue analysie for liquefaction applied for
Fiigata earthguake of 1964 showed good agreements
with observation in the field,

The suthor ie grateful for useful discussions with
Prof, H.B.Beed,
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LONG MACHINE FOUNDATIONS ON FIEXTBIE SOILS.
P.Karasudhi (Thailand )

INTRODUCTION

The author participated in two studies (Karasudhi et
al, 1970 and 1972) on the dynemic response of long
machine fourdations on flexible soils. The first
study concerns with thick fourndatlons directly sup-
porting the machines, while the second one discusses
single-story machine frame fourdations. The inter-
actlon forces and torque between the supporting soil
ard the fourdation is incorporated by utilizing the
solutlion of the steady state vibration of a long ri-
gld plate on an elastic half space obtained by Kara~
sudhl et al (1968). The system is excited by a har-
monic centrifugal force induced by the rotation of
the unbalanced mass of the machine rotor.

THICK FOUNDATIONS

For this case (Karasudhi et al, 1970), there are

three modes of vioration, vertical, horizontal amd
rocking; the horizontal amd rocking motions are cou-
pled. The amplitude of eaoh moae of vibration
are plotted againet arguments of the machi-
ne operating frequenaoy for various values of
parameters corresponding to the mass of the
foundation plus the mass of the maochine, the
foundation thickness,the height of the ma-
chine centroid, and the soil Polsson's ratio.
These charts faclilitate the analysis and de-
sign of actual foundations.A design example
for a 1000 rpm machine is presented in the
paper.

SINGLE STORY FRAME FOUNDATIONS

For machinery,frame foundations have many ad-
vantages over the massive ones (Barkux,lgsz).
Karasudhi et al (1972) study the response of
long machine frame foundations,and show that
their vertical vibration is a single-degree-
of-freedom motion and the coupled horizon-
tal,rooking and flexural (interfloor column
bending) vibration is a three-degree-of-fre-
edom motion. Two frames which are commonly
used in practice, one supporting a 200,000kw
turbogenerator running at 3000 rpm and the
other a 500 kw motor gemerator running at
750 rpm,are analyzed,
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RESULTS AND CONCLUSIONS

The response of the system depends heavily upon the
s0ll shear wave velocity and the mass'ratio fl which
13 defined as m/pb?, where m = mass of the fourdation
plus the mass of the machine, p = soill mass density,
ard b = half width of the fourdation base. The in-
fluence of the soll Poisson's ratio 1s less prominent
For a low mass ratio (i < 5) which is very cammon in
practice, there 1s at most one resonance for the cou-
pled motion.

In the study of Karasudhl et al (1972), the most se-
vere cordition, 1.e. resonance, of a high speed ma-
chine 1s not at 1ts operating frequency but when it
1s elther building up its speed or slowing down. It-
1s also found that the assumption of a rigid soil
ylelds a more conservative design of the frame than
that of a flexible soil; and, for the latter case,’
varying the column stiffness of the frame 1s not an
effective mean for avolding resonance in the design.
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The problems of passive vibration insula-
tion in /2/ are considered rather widely.
Along with the determinate displacements of
foundations, it is for the first time that
random displacements are analysed.In study-
ing determinate displacaments of the founda-
tion a system with several degrees of free-
dom is considered with sufficilent detail; in
the stochastic presentation o the problem a
single degree-of-freedom system only is ana-
lysed. The effect of the dynamical souroces
placed on the foundations upon the passtvely
insulated arrangements is also discussed.

Though engineering problems of vibration
hnsulation are rather well studied, there
8till remain many problems to be solved.
Among them are the theory of non-linear vib-
ration insulation,development o new effec-
tive damping arrangements, deeper study of
transient ragimes, etc.

REFERENCES

l. Instruktsia po proektirovaniiu i raschotu
vibroisoliatsii mashin s dynamicheskimi nag-
ruzkami i oborudovaniia chuvstvitelnogo k
Kibr%ggé1am (I-204~55/MSMPHP) Gosstroiisdat,
oy LJ
2+ Rukovodstvo po proektirovaniiu vibroiso-
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VIBRATION INSULATED FOUNDATIONS UNDER e
MACHINES, B.G.Korenmev, V.A.Ivovich,
V.i.Ilyichov, G.Le.Kedrova, LcS.thiﬂO‘(USSR)

vioration-insurated foundations under machi-
nes are one of the most widely spread ways

of protecting buiidings from vibration which
permit to prevent settlements of foundatians
of macnines and structures due to the sustai-
ned effect of vibration as well as to avoid
the strengthening of bases, i.e.the usage

of plles, arrangement of compacted sand
layers etc.

The issue of the instruction developed
by V.S.Martyshkin /1/ in 1956 promoted wide-
scale usage of vibration insulation. Basing
on the experience gained in the applicatian
of vibration insulation /1/ has been further
developed ana a new guldance /2/ has been
worked out. In the guidance particular at-
ventian is paid to active vibration insula-
tion at periodic effects, antishock vibra-
tion insulation and passive vibration 1n insu-
lation.

The problem of active vibration insulation
ie studied best of all, In the dynamic
analysis it has become common now to use
aimplified schemes in standard cases, and to
consider in detail oscillations of wibra-

tion-protected arrangement as a system -with
s8ix degrees of freedom when, on one hand,
bigher accuracy of design is needed, and,

on the other hand, the system 1s not symmet-—
ric enough, The article /2/ discusses de-
tall a more accurate estimate at the stage
of service. Consideration of transient re-
glmes, that is passing through resonance at
the starting and stopping of machines, plays
a significant role in the theory of active
vibration insulation.

These problems are solved in /2/ as well
as in /1/ on the basis of considering a
single-degree-of-freedom system passing
through resonance. In the course of further
development of the foregoing analysis some
clarifications are feasible associated wl th
considering systems with several degrees of
freedom (A.P.Philippov, B.P.Guloskokov /3/
various laws of passing through resonance
(A.P.Philippov, B.G.Korenev), account of spe-
cific mpasures aimed at suppressing starting
and stopping resonances,

The application of new constructive solu-
tions, that is new damplng arrangements and
plastic pliable members described in /2/,
usage of dampers to suppress starting-stop-
ping resonances /4/ are of particular impor-
tance in further development of wvibration
insulation. :

In practical application of antishock vib-
ration insulation it is8 of particular impor-
tance to make more accurate and even to ex-
tend the analysis with a view to take into
account wave processes in the ground /5/, to
consider in detail the impulse resonance.

The application of spring vibration insu-
lation regarded in /2/ has also brought
about some modifications in the dynamic ana-
1’515 /6'7/.
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SOME ASPECTS OF DYNAMIC STABILITY OF COHESION-
LESS SOIL AND MEASURES AGAINST POSSIBLE LIQU-
EPACTION DUE TO SEISMIC EFFECT.R.N.Maslov,
Yu,.P,Shkitskiy,

The problem of a Baturated sand stability
under dynamic (seismic) conditions remains
at present one of the most important issues
and its role becomes especially significant
in connection with the fact that the favou-
rable effect of a sand stratum dead weight
under these conditions is limited. This was
proved by H.Rasoulov in 1968,

The present report covers results of the
recent investigations aimed at solving some
practically important problems and basing on
the Maslov "filtration theory" (1953). Accor-
ding to this theory disruption of a saturated
cohesionless soil stability results from deg-
radation of its shear strength properties un-
‘der dynamic conditions due to development of
the uplift pressure in the soil stratum.

The development of a positive pressure head
{hg) becomes feasible provided the.accelera-
tion of an oscillating motion reflecting in-
tensity of the seilsmic effect (o geismic) 18
bigger than the critical accelerat onmkd cro)
i.e. the acceleration below whioh densifica-
tion of horizontal saturated sand layers tak-
o3 place.

Then the shear resistance of the s0il un-
der seismic conditions (Sgqip) can be expres-

sed as follows Sd_j_n=[(Po*¥5'a‘—)-Aw'hz]'tg‘f’ , (1)

2 .
where 9 ‘?ﬂﬁﬁ%a%e}%ﬁ% 'of water and bulk

W
s density of suspended soil;
¥ - angle of internal friction in
sand,
z - flow:[ng coordinate through
stratum.

The fact which was recorded by many inves-
tigators (N.Maslov 1959, Se-Din-I,1962,P.Iva=-
nov 1962 ete). that the sand consbituting
the submerged slopes turns out to be less
stable than the horizontal layers made up of
the same sand,was theoretically substantiated
by V.Eanan El§69g who corraborated the Mas-
lov's idea (1959) about effect of the tangen-
tial stress developing in the slope,on the
maghiture of the critical acceleration
(derp ) which characterizes the seismic sta-
bility of soil in the slope set at an angle
(p )eVeA.Kanan derived the following relati-

- Tpa
GBSRID  dlery = atero(l- Heet) ()

Thus a slope will be seismically stable if
derp > ol seigm condition is satisfied for the
soll constituting the slops, In practice the
condition is met by using varions measures
that improve the amic stability of soil
increase of dcrp ). One of the most frequen

ly used methods is surcharging.Favourable
effect of the surchargilnq on the dam slope
for example a layer o prap, was proved by
many investigators (V.Radina 1953, M.Gold-
shtein 1953, N.Maslov 1953, V.Ershov 1953 etc)
Nevertheless methods of de{:ermining the re-
quired thickness of surcharging have not been
adequatelg developed yet,

The method of determining the thickness of
surcharging (d), suggested by us, calls far
two possible alternative solutions:

a.to preculde campletely possibility of so-
11 liquification in the submerged slope and

hence,preclude development of a positive pre—
ssure head hz due to seismic effect (de-p >
>o seism);

be the weight of a surcharging layer neut-
ralizes the uplift pressure a. hz that can
develop in the slope aibjected to seismic ef-
oot olgeign>#cr p (conditidh a,,-ha=d-¥eq)

The ?oifowing relationship was derivgd pro—
ceeding from the I-st alternative

} .d ism —derp
d"'&' ?, -Cosp ’ )
whore u~ factor of normal stresses effect on

dup 5; 3;,- 2.;1;7 tlk density of surcharging lay-
’
d'l*y'c"-’ﬁ' companent of surcharging layer
weight normal to slope surgaoe.
Basing the 2-nd alternative we derived
several relationships,one of which is given

herein after { P 2
dgl-éﬂ-@.%.x (4)

6 )Xs¢
Relationship (lf) Batisfiee the case vhen
1.4
hg? -—%-[.f-z-z'-f-fz] (5)

Other possible cases € pressure head hy
distribution are discussed in (Lg).

In formula (4), Y, -stande for coefficient
of dynamic liquification (Lg) with due re-
gard for the surcharging; kf- coefficient of
80il permeability; L=thickness of actl ve zome
to be determined :Erom the expression derived
by H.Rasoulov (1968) -L={.yE.H.t (6) where H-
thickness of sand stratum, ~factor of un-
gtagle conditions, t-duration of seismic ef-

[- 102 Y

Expression (6) shows that the role of the
soll dead weight decreases with adequate du-
ration of seimmic effect.

The comparative analysis based on formulas
(3) and (4),showed that the surcharge layer
thickness for the submerged slope 100m in hei-
ght should be 13,2m and 6.73 m respectlively,

Investigations into comsequences of heavy
earthquakes reveals that in some cases the
cause of considerable and nonuniform settle—
mant of the structures lies in decrease of
the structure setting effectiveneass due to
uplift pressure (hzeow) and decrease of the
dead weight role in the zones bordering on the
structure with the uplift pressure rise,dec-
rease of the setting effectiveness takes pla-
ce,This reaylts in a considerable developmaats
of zones with the oritical and super critical
states of solls in the structure fase.The
structure will be subjected to signifi cant
and nonuniform settlement and in some cases
the structure loses completely its stabilitye

Basing on the performed investigations and
analysis of specific examples (consequences
of the earthquake in Niigata Japan,1964),
R.Tchaplanova (1972) found out as ;.’ollowa.

I.Decrsase of the structure setting effecti-
veness can occur when the saturated cohesion-—
less 80il in the structure base is subjected
to earth quakes,

Stabilit¥ of the structure can be ensured
pgovidod the LTollowing conditions are satisfie
od.

a) Condition derdal is met " levels
of %he stratum in thgejég%ucture b:gesn .

b)Depth of structure setting is designed

with due re 4 f
zones borde %Eg O?Irt gassjﬁg{igtﬁgié].' uplift in the



ENERGETID CORRELATION OF CORSTRUCTION AND
SOIL URDER VIBRATIONS CAUSED BY SEISMIC
PORCES. E.S.Medvedeva, /U3SSR/

Let us diacuss the problem of energetioc
oorrelations of construction and soil for
different ratioa of velooitles, densities
and rigldities in oconstructions and soll,
When soismic forces are acting the soll
transfers it's kinetic energy to the const-
ruction. The value of kinetic oner? degendﬂ
on the ratio of seismio rigidity of sail amd
oonstruction., The construction cannot always
absorb the energy of elastic deformations.
That's why some residual deformations can
avpear-in structure, and some parts of const-
ruotion oan wrook.

Phe amount of energy,that the camstruction
has got, depends and some factors. Ome of
the most impartant of them is the seismic
charsataristio aof mall, on which the buil-
ding is constructed. Much depends on the
construotion itself. If the construction oan
absorb the great amount of enargy in connec-—
tion with plastio deformation, them it will
be able resist seiamic forses without being
destroyed.

For the solution of the problem the const-
ruction is treated as the layer situated on
the elastle half a space, They are parted
with a plane a border, to which a flat seis-
aio wave comes from downwards. It's eprea-
ding front is parallel to the barder of the

oonstruotion and the soil, The energy of spre-

ading wave consists of kinetio By and poten-
tial energy Bp.

Physioal conditions on the border are the
following: :

l. Entireness and impenetrablility of the sol-
1 0.00,t)-0,(0,1) )
2. Bquality of aotion and counteraotion
G, (0.1):6,(0,t) @

For the solution of the problem the const-
rwtion 18 treated as inhomogeneous medium
which slements' dimensions are less than tﬁe
length of the seismio waves, Then we oan
operate with effeotlve values of waves' ve—
locities Vp and Vg denoities P and seismio
rigidities’V,p afd Vg p .Mhe author made
caloulations”and measurements of effective
moeanings of V,,V a.n(‘lip for construotioas.
AB a result ognsemc ons are classified in
three types:

I type - butldings with walls of saman
brioka, red bricks mortar's sort 10,floors
o& light Scacrsts. ‘:'p_’,—‘ =0,02=0,05; Vg9 =
0.01—0,0}.

II type- oconatruotions with thin walls of
brloks; mortar's sort 50, with walls made of
large blooks of light conorete.

Frame construotions with light fillirg
Vpp = 0,05~0,1
Vob = 0,03-0,06

II type - lerge-panel construoctions, made
of volumetrical elements, with retaining
walls of large blocks with reinforoed cono-

rete floors

VP 20,1-0,2; Vgp = 0,06-0,11

Iet us consider the propagation of flat
seismic wave. For the moment t we can write
down the following equation of equilibrium
when the elementary part of soil with the
length A x is vibrating:

P Faxg—zgr"Fsr(x"'AX)- Fe, (X)

Making some transfamations we get the
following:

The mean value of energy {',, of the part of
the medium

4T
&t &tydt=5pFaxufds @

The mean density of energy Grn

Cen £ P WA: &
a.%%ﬁ%é“eﬁ&%‘*lmj' ol s wave 120
S g,y @

When the seismic wave cames up vertically

(3

from the soil to the basement of the construo-

tion it 18 refleoted and refrecoted. The mean
density of the energy flow in refleoted wave
G, and that in refracted one (that is in the
wave that the construotion 6,5) are expressed
by the .f.ognula' 252
Qs = ?.Pau w _A_-. ¢))

The ratio of gz and gy to the density of
the approaching flow is the coeffiolient of
reflection Rg and ocoefficient of seismio
energy penetration _ @)

Re=d2; T &

o2, 4
R.f( li+§‘) ) Te=(_l—‘—|'57)z 2
where - 18 the ratio between seismic ::I.gi-
dity the soll and that of the conatruction

=P

when | -0 and -o:.-ajJ X’ obtain Rel , ana (10)

T=0., That ms

wave when it 18 reflected from the border is

returned to the first msdium, that is to when
=]l we obtain R=0,Tal.That mpans that all

the energy of seismic wave passes to tke oon-
struction from the sall.

The data above allow us to make some impor-
tant oonclusions about the peculiarities of
gseismic action upon the construstions:
= the more seismic rigidity o oconstruction,

is the more is the part of the seismic ener-
gy passed from the soil to the construw tiamm.

~ on the same soil and at the same earthquake
intensity the mergy density in conatruoti-
ans of the IXII Uypé Can sxcesd Tt sasrgy
density in construotions of the I type;

- the part of seismi¢ energy,transfere o
the constrwtion,with respeot to the whole
enezg of the soi
the orease of seismioc rigidi
On construotiom ,errected on tie dense li-
mestone and sandy solls,the seismic emergy.
is for several times leas than that on mel=-
low sandy-clayly soils.This is the charao-
teristic feature of all the types of the
construotions.

s that all the energy of seismic

1 is becomming greater with
of the soil.

5
3
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A METHOD TO EVALUATE DW AMIC INSTABILITY or
SATURATED SAND. Nobuchika Moroto (Japan )

Since the catastrophic failures of satu-
rated sand deposits ocoured during the
recent earthquakes, a large number oy
satudies of the liquefaction of saturatea
sand have been presented. Their eyes have
been mainly focussed on the effective-time
relation by laboratory dynamic tests. The
author would like to examine the dynamic
inetabllity of saturated sand and sand
deposit in a different manner from the
current works,

Particulate material changes its volume in
shear. The volume decreasing nature of loose
sand under undrained condition can be di-
rectly related to the development of pore-
pressure in saturated sand. When a sand
sample is consolidated and then sheared, the
‘sample first contracts and then tends to
dilate. Soil in level ground wbich remained
undisturbed since deposi tion 18 in the astate
of at rest. In thie paper, the maximum
amount of volume decrease of sand in shear
becomes interesting. The maximum amount of
decrease of vold ratio can be roughly
expressed as

= I,

where e, is void ratio at reat,
e? is void ratio at minimum volume
¢ condition during shear,
is stress ratio at rest,
18 stress ratio at the minidum
void ratio,
C is a constant and
K 1is expressed by 03/01(03 is lateral
stress and 0; 1s axial stress
in the conventibnal triaxial test).

e~ ¢ I=K, - X, (L)

The relative density has been used as a
measure of sand liquefaction potential. If
the critical void ratio e__ could be
specified and easily deteFiined, €oC.r
will be the best index to estimate®th8
liquefaction potential in principle.However
the existence of the critical void ratio
under dynamic condition seems to be un-
certain. Then the author tries to use e_-e
instead of'e_-e in estimating the dyn8mif
instability Br Elturated sand. In Eqg.(]),
e e is expressed in terms of I=Ko - K .
w8 wilf call this I as an instabilit§ ind8x
of saturated sand.

The author conducted on constant stress
ratios tests on sand and knew that the
negative dilatancy was closely relating to
the instability index. Theories and
practices show that the earth pressure coef-
ficient at rest K_ can be related to the
angle of shearing resistance f°'. Constancy
of K_ has been observed for various void
ratis,grain size and stress path. Then the
instability index can be written to be
dependent almost on the earth pressure coef
ficient at rest Ko or the angle of shearing
resistance f'. We write,therefore, as

(2)

I = Ko - constant

Adopting the Jaky's empirical formula, We
get

K, = ] - sin @' (3)

Using this relation, we have

I = constant - sin @' (4)
These expressins are very interesting. Be-
cause an earth pressure coefficient and a
parameter of shearing resistance of sand
have close relations to the dilatancy
characteristics and consequently they would
become attractive measures of the dynamic
instability of saturated sand.

The angle of shearing resistance f#' is
obtained as a function of void ratio e.
Usually sand samole is prepared by pouring

Band 1nto sample former filled up with water,
In this case, the #'- e relation has been
known to show smooth curve. While in the

case that sample is obtained applying a very
8low upwards flow of water through wet sand
placed loosely in sample former, the @'-e
curve shows a peculiar aspect. bjerrum. Kring-
stad and Kummeneje (1961) reported appearance
of a sharp descent in the curve of @'-e for
the sand sample obtained by the latter sample
forming method. Such a sharp bent of the
curve was also observed at two laboratories
in our country. It is noticeable that the
sharp bent of the curves starts from points
of @'=320-349, and the pore pressure goeffi-
clent at failure Ap takes naught near the
bent points of the gurves. The author regards
the values of @'=3234° as an indicative
criterion in estimating the instability of
saturated sand.

Standard Penetration Test has been commonly
employed in the field investigation. The
penetration resistance N-value bas been used
to_estimate stiffness and strength of
801l deposits. Angle of shearing resistance
has been correlated with the N« alue. A

number of engineers proposed #'-N relations
that show there are variances in their
expressions. Angle of shearing resistance,

in itself, has been known to vary some extent
depending on types of apparatus and testing
methods. Then considering summerily these
proposed relations, we present the following
formula:

g=y/ 13N + 20 (5)
This formula gives the values of ﬂ'=32°—34°
for N=]]-]5.

Reports on damage to structures by the

Niigata Earthguake()964,Japan) showed that
saturated loose sandy deposits with less than
N=]2 at 8 meters deep from the ground surface
were suffered from the heavy seismic damage
(Osaki,]966), and that harbour facilities
rested on the layers of less than N=]5 were
seriously damaged, especially of less than
N=]C (Hayashi, Kubo and Nakase, ]966).



Seed and Peacook (1971) collected many data’
of past earthquakes experienced in sandy
deposits. ieferring to the seismic intensity,
occerence of liquefaction,ground condition
in terms of average N-value of liquefied
zone, the author can obtain the following
formula of the critical N-value N for

sand liquefaction as cr

N, =80k + 2 (6)

where k_ is the seismic coefficient.This give
N_ _=lo-14 for k_=0.15<0.20. These N _ are
rgﬁarkably coinfident with the N-vathes
obtained by Eq.(5) for gr=32-34°.

An effect of upwards flow of water on lig-
uefaction of sand deposit is disregarded

in usual treatments. Therefore let us check
the effect of seepage force on the lique-
faction likelihood of simplified saturated
ground. To a depth of about ten meters from
the surface, increment of Btress ratio due
to horizontal acceleration Kg at any depth
can be assumed as follow:

Ky = Ag/8= kg (7)

where g is the acceleration of gravity, k
is the seismic coefficient and A_ is the
maximum horizontal acceleration 8f seismic
motion at the ground surface. Pore pressure
uy generated in the ground will be assumed

to proportional to kg. Taking into account
inhomogeneity of natural ground, we write

» uy=D kg z° (8)

where D is a constant, b is an index of
inhomogeneous soil profile and z is depth
caloulated from the top of ground water.
The condition of one dimensional fully
liquefaction can be easily written down as

3
u[( gﬂ- Fdz =uy , F, = w(EEQ (9)
o dz

[}
where { is submerged unit weight of soil,
4w is unit weight of water. Substituting
Eq. (8) into Eq.(9) gives the critical seismic
coefficient khr as follows:’

Case of Fz=0,
kcr=z/D b=0, kcr=]/2D b=], k,.=1/2Dz b=2
Case of Fz=0,
kcr=z/D b=0, kcr=]/D b=], kcr=]/Dz b=2

Then,the following liquefaction process may
be supposed; (]) In case of b=0, liquefaction
stars from the top of ground and then the
lower parts lose the‘effective overburden
pressure. In this way, the liquefaction

zone will grow downwards successively. (2)
in case of b=], liquefaction likelihood

is the same at any depth. (3)1If b becomes 2,

deeper part will ke subjected to liquefy
more readily than upper part.

If we consider the seepage force in the
above model of ground, the liquefaction
potential becomes twice of that in case of
no seepage force. We can recognize that the
'‘effect of upwards flow of water on ligue-
faction is important.

Conclusive remarks cocerning the discussions
in this paper are:

(]1)sand sample of laboratory %est should be
prepared by the way to reproduce sedimen-
tation condition of sand deposit.

(2) The statically determined strength
parameter @' can be known to be an inter-
esting index for dynamic instability of
saturated sand. The values of #' and e at
which shoulder of sharp fall in the g'- e
curve locates and the pore pressure coef-
ficient at failure takes naught in the

@' (e)- A, curve should be sharply paid
attentiofr to. ° o

(3) The values of f#'= 327- 34~ in the con-
ventional triaxial test are reqgarded as‘'an
criverion for instability of saturated sand,
These values correspond to the values of
N=11l-15 in I£Q.(5). The critical N-values

of Nep= which based on the observational
data c¢ollected by Seed and Peacock re=
markably coincide with those N-values of
N=11-15. This coincidence is attractive.

(4) The loose sand deposit with N< 10-15
should be improved by vibro-compaction
method for foundautions of structures.
a work is carried out with no soil im-
provement, pilyins may be planned. In this
case, bearing capacitles and lateral resis-
tance of pile and piles should be estimated
from the bottom of the liquefied zone. TFor
case of 15 < N< 30, the liquefaction
potential may depend on soil type, soil
profile,earthquake magnitude and eto.

(5) Inhomogeneous soil profile should be
taken into account in the evaluation of
liquefaction potential.

When
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DYNAMIC CHARACTERISTICS OF COLLAPSIELE SOILS
usaelyan A.le .

The prediction of additional subsidence,
developed in some cases of seimsmic loads,
presents certain difficulties due to the
laock of a testing method,as well as instru-
ments the simulat¢ seiemlio action in deter-
ming the subsidence properties,

To obtain a tentative assessment of .the pos
8ible deformation resulting from dynamic
loads numerous cyclic tests were oonducted
(Musaelyan,1971) according to various proce-~
dures (cyclic loads were applied: simultane-—
ously with the development of subsidence,
i.e. Bimultaneously with the moistening of
the soils; upon partial deformation up to 50
per cent of that at static loads; or after
the stabilization of subsidence). Independen-~
tly of the method of applying cyclic loads,
their duration was determined by the comple-
te moistening of the soils and stabilizatian
of the deformation.

- Taking into consideration the various pos-
sible conditions Under which dynamic¢c loads
may be applied, the proposed procedure is a
more actual representation of the conditions
of the moistening of the bases of buildings
and structures when they are bel ng used,

The use of different compacting loads,soils
with various subsidence properties and éiffe-
rent procedures for applying the cyclic loads
revealed their influence on the nmature of
the development of subsidence with time, de-
p:nding on the number of cycles of applica-
tion,

Cyclic loads give rise to a further deve-
lopment of subsidence whose magnitude, depen-~
ding on the soil properties, varies in a wide
interval from the inltial deformation to 20,
30 or more per cent (af the deformation at
static loads). The time required for the sta-
bilization of the additional deformation va-
ried in a range from 50 or 60 to 300 or 400
or even more cytles., The main deformations
were developed during the first cycles of
load application,

As distinguished from the above-described
cyclic tests (the compacting load is comple-

tely removed upon unloading), the somewhat dif-

ferent method,employed in the subsequent sta—
ges, extends the range of the conducted in-
vestigatian,

In these tegts with a given frequency only
a part of the load i8 removed, This enables
the observation of the degree of development
of the additional subsidence depending on the
magnitude of the removed load which we have
called tge drop in load and which 18 measured
in kg/cm (ghis varied in the tests from 0,5
to l.5kg/cm= thereby constituting from 25 to
75 per cent of the static load).

Of most interest are the results of the
namic tests (Musaelyan,1972) in which the dy-

namlo action at a given frequenocy was produced

by alternating loads whiobh we have also c¢al-

led the drop in load. This dynamic aotion imi-

tates geismic forces acting on the soils of
the bases of buildings and structures in
seismio action.

45)

Cyc 1lic tests were canducted on modernized
consolidometers. A dynamic consoiidometer
was employed for the dynamic tests. In both
types of apparatus the parameters o action
and the magnl tudes of the loads was cont=
rolled by a dynamometer and the sensing
elements of strain gauges with subsequent
recording by an oscillograph.

In the tests, investigations were carried
out in a range of frequentles from 1 to SH
and of load drops from 10 to +40 per ceht
(of the static load). The use of soils with
various subsidence properties, different
ranges of compacting loads (0.5 to 2.0 kg/cmd

and various methods of apglzing the dynamic
loads enabled the principal laws to be
established for the development of additi-
onal subsidence upon dypamic loads.

An analiﬂis of the numerous laboratory
data obtained in the tests anabled the cha-
racter of the development of additional
subsidence to be revealed fa dynamic loads
of the indicated parameters which varied
in a rmange from the initial deformation te
20 or 30 per cent (of analogical deforms-
tions upon static loads). Also determined
to a oonsiderable extent were the load drops
and the physiocomechanical propertiea of the
soils. The frequency range within the 1li-
mits inveatigated has no appreciable influ-
ence on the nature of the development of
additional absidence,

Cyclic and dynamic tests of collapsible
soils conducted according to the procedure
8et forth enables changes in the dynamic
characteristics of subsidence to be obser—
ved under definite conditions. This shows
the expedience of taking them into account
in certain cases when designing the bases
of -bulldings and structures,
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QUEFACTION OF SATURATED SAND SUBJECTED TO
COMPLICATED ALTERNATING SHEAR STRESS.
S.0GAWA (Tapan)

Cyclic 'loading tests on saturated sand are
commonly conducted under the idealized single
shear stress conditions to obtain the know-
ledge of liquefaction, However, a soil ele-
ment in the ground is subjected to complex
system of shear stresses which will vary with
time during an earthquake, and those shear
wave conditions can not be simulated by repe-
tition of ideal ized single wave form,

In an attempt to evaluate the effects of
those complex system of shear stresses on
liquefaction, Seed and Idriss(1971) proposed
the average equivalent uniform shonr otrcoo
corresponding to about 65 % of maximum shear
siress occured in a soil element during an
earthquake,

Shibata et al,(1972) conducted the triaxial
-tests in which different -magnitude of shear-
stresses were applied to the specimen,
Ishihara and Yasuda(1972) also conducted the
triaxial tests in which they used the irregu-
lar shear wave form, From those test results,
they obtained the smaller equivalent shear
stress than that proposed by Seed and Idriss,

The auther also carried out the triaxial
tests with application of alternating ver-
tical and lateral stresses of different fre-
quencies and magnitudes. As the results of

.these stress conditions, more complicated
shear stress wave form on the 45° obliqued
plane 'was obtalned.

In this investigation, it was also discuss-
ed about the effects of over-consolidation on
liquefaction,

A sample used in this test ie Niigata sand.
fhe specimens of saturated sand were consoli-
dated_under ambient_confining stiress 0c 2,0

. Kg/cm? or 1.0 Kg/cm?, After consolidation the
configing stress was increased to 6. = 2.0
Ke/cm? with undrained condition and back

S

Test Serles

(b) Test Serles 2)

FIG.-1 TYPICAL PATTERNS OF THE RESULTS
OF TEST SERIES 1) AND 2)

452

pressure Ws = 1.0 Kg/cm? was applied just
prior to the start of test. Thus, some speci-
mens were under over=-consolidation; OCR=2,0,
and others were normally consolidation; OCR=
100.

Relative density of specimens was 55 %
after congolidation.

Stress conditions used in these tests were
ag follows; 1) The magnitude of lateral
stress was constant during the test and only
vertical stress was alternated, 2) Vertical
and lateral stresses were alternated with
same frequency and difference of phase of
180°, 3) Vertical and lateral stresses were
also alternated and ratios of their fre-
quencies were 2:1 or 511,

Fig.-1 shows the typical patterns of the
test results of test series 1) and 2), These
results show that the behavior of sands in
these shear wave test are same as those in
‘Bqiire wave test shown by Seed and Lee(1966).

Fig.-2 shows the typical pattern of the re-
sults of test series 3)., Axial strain also
increases suddenly and shear stress decreases
at the onset of liquefaction, But variations
of the pore water pressurs do not correspond
to that of shear stress wave owing to the
influence of variation of confining stress,

From the results of the test series 1) and
2), it is evident that the relation between
pore water pressure increment per stress

cycle ( au and T« / 0 can be given by
au = a{(%) - (%)crit} (1)

where Ta is an alternating shear stress on
the 45° obliqued plane, ¢, is an initial
effective confining stress which is consist-
ent with consolidated confining stress at the
normally consolidatien test, and

(Ta / 0! )opit denotes the critical stress
ratio below wﬁich shear stress has not influ-
ence' on the occurrence of liquefaction.This
critical stress ratio has same meaning as
proposed by Shibata et al,(1972).

In the test series 3), it is very difficult
o determine the magnitude of shear stresses
and the number of alternation for obtaining
the relation ( Ta /0J ) -~ Ni because dif=-
ferent amplitudes of shear stresses are
combined.

FIG.-2 TYPICAL PATTERN OF THE RESULTS
OF TEST SERIES 3)
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Therefore, to compare the results of test
series 3) with those of test series 1) and 2),
equivalent shear stress and number of
arplication N1 are assumed as follows;

ale = (TTai-ng )/ M1
(2)
Np = L ng
where Ta} 1s the alternating shear stress

which is larger than critical shear stress in
equation (1), and nj is the number of appli-
cation of Tai before initial liquefaction
will occur.

The relation of <t /¢, and Nj obtalned
on these assumption are shown on curves 1)
and 2) in fig.-3, and they are quite close
with those of single wave test., Thus, we can
evaluate the liquefaction condition of sand
deposit during earthquakes from the results of
single wave test by using the relation ex-
pressed in equation (2)

As shown b{ curves (1) and (2) in fig-3,
the alternating shear stress required to
cause initial liquefaction under over-consoli-
dation at a given number of cycles is higher
t?an that under normally consolidation condi-
tion.

Assuming that the pore water pressure cor-
responding to back pressure is developed by
application of alternating shear stress, a
number of repetition of shear stress required

to cause them can be obtained as follows;

Ne = /4u
in which u, 1is the value of back pressure,
By adding N, to the number of application
of shear stress N; obtalned from the test
run under the over-consolidation condition,
we can obtain the corrected number of appli-
cation,
mNy = Ne + Np
The modified relations of Tua /6c and pN)
are quite consistent with those of normally
consolidated sand as shown on curve (2) in
fig.=-3.
The investigation described herein was
conducted to determine the effects of irreg-

Uy

ularity of shear stress wave and over-con-
sollidation of sand on liquefaction condition
and the following conclusion were obtained,

1) The relation of T« / 0: and N; of
saturated sand subjected to irregular shear
stress wave form is quite close with that of
single wave form by using

stress and number of application expressed by
equation (1),

2) The shear stress required to cause ini-
tial liquefaction of saturated sand at a
given number of cycle is higher under over-
consolidation condition than normally con-
solidation condition. These differences can
be corrected by assuming that the pore water
pressure corresponding to back pressure are
occured by application of cyclic shear
stresses.
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THE PROPAGATION OF RAMMING VIBRATIONS AND
D X STRU » N.Palloks

=

If construction work takes place in regions
densly built-up, we have to ask, whether
pile driving near constructions may be per-
mitted. At the "Forschungsanstalt fiir Sohif-
fahrt, Wasser-und Grundbau" Berlin investi-
gations on the danger of vibrations have

been canducted for a number of special struc-—
tural projects, such as the admissibility of
pile driving immediately near subway tunnel,
buildings and other struoctures /4/.

Some experiences we could gain are here re—
ported.
Basic for these tests is the possibility to
measure the vibration of the structure. The
elastic waves in the soil which-are produced
by pile driving in general have frequencies
in a range from 10 cps to 60 cps. For this
range of frequency a measuring apparatus can
beset-up-with comparatively -little- expense.-
We use elither electro-dynamic vibration piok=-
ups or plezo-electric accelerometers with
electric integration. In general we use the
vibration velocity as measuring value. This
appears reasanable for the estimation of
damages from energetic considerations. Re-
cardings are taken either by technical high-
speed peh recorder, oscillographs on photo-
graphic paper ar by tape recording. For
paper recordings a frequency modulation
device is used. This allows recordings to
be taken in a frequency range from 1l cps
to 1000 cps using normal tape recorders.
Beside the pile the pile driving produces
mainly transversal and surface waves, of
which the vertical component usually is the
greatest, Apparently the main part of the
energy is transmitted as a longitudinal
wave in the direction of the pile. This is
so for vertical as well as for inclined
piles. For the decrease of vibrations (vib-
ration velocity v) with distance x the
equation b

VvV =8 X

type Delmag D12, pile 140, 12m
5 « verticol component

+ horizontal to pile

t pile destructed

a3 \‘& v~ :'m
N

x [m]

Fig.lVibration velocity versus distance
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is suitable, which is proved by experiments
for the distance range from Sm to 100m
(Fig.1,2).

The value a is determined by the condition
of ramming,essentially by the relation tup
mass versus pile mass,aml the sart of piles.
The value b depends essentially upon the
type of soil. In the "Forschungsanstalt fir
Schiffahrt, VYasser- und Grundbau" we try to
solve this problem by exact tests.

Up to now we found, that the vibration in
the ground is not proportional to the value
of the ramming energy.

With the same type of pile and the same

s0il you my get larger amplitudes in the
801l with leas ramming energy if the relati-
on R=mtyp: Bpile 18 very low.

This means that a great part of the energy
is lost for the ramming. Fig.3 shows such
a result. The wvalues given for one distance

were maxlmum-velocities measured with-the—

same pile but with different depthes of the
pile in the soil. Comparison between the
Diesel Pile Hammers:

DEIMAG D 22 und DELMAG D 12

Performance data: D 22 D 12
ram weight (piston) t 2,2 1,25
energy per blow mkp 5500 3125
R:lnpistm: mpile 0,5 0,28

mass of plle 4,3 ¢

sort of pils: conorete, prestressed,
340x340x1 5000 mn

s0il ': medium sand, dense

Fig.4 shows the position of this test

The same results were found when the ramming
enargy was moduced by a falling weight.

In all tases we found a relation between
the movement s of the pile ple blow and

the vibration velocity v: v~z .

The frequsncy of the v:lbratioEa depends on
the type of pile,the s0il an especielly on

the relation R"mtup:mpile .

plan of ramming

struc-
ture

point of ) i
| megsurenent vwimiring section
—_——— —— —————_— —_— — —

Flg.2 Plan of ramming evaluated in Figel
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THE PROPAGATION OF RAMMING VIBRATIONS AMD
MEIR EFFECTS ON STRUCTURES. W.Palloks (GDR)

driving test
v Ra2 022 Rat 0nR
[mm[l] o — vert. . — yert,
+==—hor ¥ +---thor #
10— 2Lx UST5-piles
Sm
5—
; .
2 20 x[m]

Fige 3 Vibration velocity versus distanoe

To evaluate the danger for buildings we
tested the wellknown oriterla, such as

by CIESIELSKI /3/, BAULE /41/, /2/, DIN
4150 and others, It can ve observed that,
acoording to practical experiences,

BAULE /1/, /2/ and DIN 4150used the best
differentiation of building types. But the
limits given by BAULE and DIN 4150 are too
low for ramming vibration, because the
frequency range in this case is very
limited.

As a result of these researohes of the
author VEK Tiefbeau Berlin, GDR now
introduoced the new "Werkstandard ITB-075".
In this standard we also took into account,
that the size of a bullding is one of the
most important factors 1n all these
vibrations problems,

Further investigations of this problem
will require a oonsideration of the effeots
of vibrations on both construotions and
bearing soll layers. /S5/

Up to now our investigatlons mainly
examined the effect of vibrations on
oonstructions, These vibrations had to

be accepted as given by technloal reasons,
The most important problem will be to avoid
or to reduce vibrations at their source,
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GROUND MOTION OF SURFACE:WAVES. S.M.Peng and

As part of an experimental program to:ihvestigate the
isolation of surfhoe waves by barriers,.the orbits

of motion of points.on the ground surface wers stu-
died (PENG, 1972)y. The ground position at any parti-
cular time was determined by integration of horizon-
tal and vertical velocity-time curves,.measured using
horizontal and vertical geophones. The.soil was a
compacted clay fill:having a unit weight of 1.75
tons/cu.m, and a natuxal. water' content of 35%. The
ground water level wame-at a depth of 0,40 m.

The theory of surface wave propagation predicts that
the orbit of motion of particles-located gn the sur-
face should Be an ellipse having the major axis nor-
mal to the surface. The ratio of magnitudes of major
to minor axes should be equal to 1,60 for v = 0,37
(corresponding to the soil used in this investiga=
tiom).

Fi1g.l snpuws tne orbits of motion of soil par
tioles reoorded at. different distances from
the source of vibrations. The general shape
of the orblius was elliptical although some
deviations from an eiiipse did exist.

There were some instances in which at
large distances the orbits of motion of the soil par-
ticles became a figure eight. This was also observed
by BARKAN (1948). 1It can be seen that the major axis
was not normal to the surface was predicted, and at
some points it was parallel to the surface,

”
]
O6m. l.2m. 1.8 m. 24m.
DISTANCE

FIG.| ORBITS OF PARTICLE MOTION
(1=67Hz, Ag=1im)

mm
a

5x 10

The distortions of the orbits observed at small dis-
tances from the source may be due, in part, to the
influence of the P-waves and S-waves propagated
simultaneously with the surface waves. Also, 1f the
damping of the soil in the horizontal direction was
different from the damping in the vertical direction,
the phase angle between horizontal end vertical com-
ponents of motions would change with distance, This
would also explain why the inclination of the axis of
the ellipse should have increased as the distance
from the source increased, as shown in Fig, 2.

It can be seen from Fig. 2 that for all cases the
inclinution of the major axis rotated in a clochkwise
direction, The rate of change of inclination
increased ao tha frequency increased, vwhirh 1a tn he
expected because the logarithmic decrement, and hence

the energy absorption, is directly related to frequen-

cy (HARDIN, 1965),

The effects of trench barriers on particle motion
orbits are shown in Fig. 3. The scale for particle

f=1IOHz
o} /

27
@ ////‘(/
g p -
5 /1 s/
z , s
[8]
z

f”1§?::

o] | 2 3
DISTANCE FROM SOURCE , m.

FIG.2 INCLINATION OF ORBITS

motion amplitudes behind the trench is greatep
than that for in front of the trench.It can be
seen that the amplitude of particle motion the
ratio of vertiocal to horizontal axes and the
angle of inclination of the major axis were
changed by the barrier. In addition,within an
area outside of the trsnch extending to a ra-
dius of about one wave-length the direction

of particle motion was reversed.
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ON _SOME COMPLICATED PROBLEMS IN THE
DESIGN OF FOUNDATIONS,

O.A.Savinov, M.M,Klattzo, G.N.Stepanov, E.LTchasov
(Us.S.R)

The paper presenis the results of the Investigations
into vibratlons of a series of masslve foundations for
low frequency machines with periodic action as well
as separate plle foundations for machines of different
type.

1. Vibration calculations of a foundatlon serles for
low frequency machines
An approximate solution to the vibration problem of
a foundation serles resting on a common rigid base
can be found out if soll inertla Is neglected In the
way adoplted for a single foundation calculations.
The [(olloning provisions make this assumption valld:
a) foundation vibrations involve subresonance region
so constrained vibration modes of the system are
similar to displacements under disturblng force static
action; b) lengths of the waves propagating in soil
largely exceed the distances between foundations
hence their vibration phase difference ls usually
small; ¢) mass of foundations (of usually basement
type) are large comparing to a ‘reduced" soll mass
involved in vibrations, A series of machine founda-
tions situated on the same site can thus be regarded
as a system of solid bodies resting upon a common
elastic base, for example an elastic Isotropic half-
space, In this way a problem was formed and formu-
lae received to determine vertical and horizontal rota-
tory vibmation amplitudes for the foundations consider-
ing their mutual influence, The problems were solved
using standard computer programs /1/. Vibration cha-
racter variations of foundations installed In serios
are as follows: vibration character of the loaded foun-
dation significantly changes-natural frequency number
of the system becomes equal to the sum of the founda-
tion nalural vibration frequencies. A region where
resonance is possible is considerably expanded, par-
ticularly towards low frequency range; foundation vib-
ratlons of the source and the recelver may be com-
parable especially under the resonance, In the subre-~
sonance region vibration amplitude Is similar to the
product of the source vibration amplitude and the
influence coefficientsof some wvalue. Investigalions of
the foundation series for compressors and log frames
showed the folloning: a) §.oundation vibration amplifi-
cation accounting for the mutual influence of the foun-
dations is possible when the machines are Installed
in a set; b? mutual Influence of foundations becomes
considerable in the zone equal to 5 Hmes the founda-
tions slze; c) calculation data and experlmental re-
sults show close agreement,
2., Pllefoundation vibmation design
In /2] a plle foundatlon Is reproduced by a distributed
parameter system. The solution yields expressions for
determining the modes and frequencies of free vibra-
tions as well as the amplitudes of forced vertical vib-
rations (induced by both perlodic and impulse forces),
In the above papers thls problem is also solved appr-
oximately where a compound system with distributed
parameters is represented by a one degree-freedom
system characterized by a reduced stiffness coeffici-
ent Kgq and mr.\ssM';, both being functions of elastic
material properties, the number and size of piles as
well as the elastic properties of the soll in the pile
penetration area and under the caps. The problem
evaluating foundation behaviour under horizontal perio-
dic forces is also solved approximately, The equations
are solved versus the horlzontal component of the
displacement of the foundation base centre and Iis
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rotation angle  round the axis through this centre and
are expanded into natural vibration modes. Founda-
tion characteristica are determined in the following
way: a) Estimating for vertical vibration yieldsi

= + : L]
In which m.= Prll'ass‘wt’)f g:}'\lnaKez;ﬂ 'fozur?éatlon mat;
My = plle and soil reduced masses taken approxima-
tely equal to the pile mass in the design; ¥, = stfi-
ness coefficient of a sysiem with - distributed paramet-
ers reduced to a one degree-of-freedom system.
b) Calculating for horizontal-potational vibrations:

My=m; 2
9&;"96"'% ﬁi 0"&:'001-"""'/"!

where f¥ = number of pﬂe.s' in the foundation, 2; =
distance from the Ith. pile axis to the rotation axis of
the base of the foundation mat; ¥¢ ~ inertia moment
of the foundation mat and the machine masses in rela-
tion to the axds through thelr common centre of gra-
vity perpendicular to the vibration plane; 0,;,,- reduc -
ed moment of the system Inertla mass versus the
same axis; Vg - the same versus the rotation axis
of the foundation mat base, The stiffness coefficient
of a plle foundation and the coefficiert of energy ab-
sorplion into the foundation are determined from addi-
tional expressions, diagrams and tables, Comparison

of the ’tgit and analytical data is presented in Fig. 1.
- a) ‘\'./ 5o
'§ ., / 2>I 4]‘;
S - /f V//O
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Fg. 1 Amplitude -frequency vibration curves of the
experimental pile foundation (a = vertical,
b - horizontal) :
l-calculated by the design standards;
2-calculated by tht method presented;

3-experimental polints,
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THE DESIGNING OF THE PILE FOUNDATION WITH
THE INTERMEDIATE CUSHION, Shekhter QO.Ya.,
Fayans B.L., Ukolov V.N (USSR)

The intermediate cushion (made of sand,
or crushstone,or some other material accor-
ding to the s0il condition of the bullding
site) being placed between the foundation
block base and pile cups,the horizontal loads
transmitted to the piles from the inertia
forces of the building are small and theK
can been neglected while pile designing.At
the same time such foundations (proposed in
Chile) provide the necessary bearing capaci-
bty for the vertical loads,which however must
be determined by caloculation.In order to de-
fine more precisely the bearing capacity of
the pile foundation with the intermediate cu
shion it is desired to make static experi-
ments with one pile foundation,what is howev-
er oan hardly be .dona in full details for
making clear the influence of set of para-
meters of the soil,the cushion and the pile/
on the stress distribution in the cushion
base, foundation block base and of the settle-
ments of the foundation block and the pile,
So the elaboration of tThe theoretical metvinods
is needed.

For this purpose we propose a designing
scheme,shown on Fig. .A rigid circular plate
Placed od the surface of the intermediate
cushion,considered as an elastic infinite
layer with thickness h, is vertically loaded
The tangential stresses on the both surfaces
of the intermediate cushion are supposed to
be equal to the zero, On the contact surface
between the intermediate cushion and the pile
cap and the soil outside the cup the cantact
stresses are supposed to be proportional to
the displacements, Cz] and C,, being subgrade
reaction coefficients,corresponding to the
pile cap (0 = r = 15 and for the soil out-
side of 1t /1 < » = o= /, It must be noted
that Czo may depend upon the cushion thickness

The solution of the axlalsymmetrical prob-—
lem of the rigid plate is constructed by me~
ans of solutions for the Bet of the unifor-
mally loaded rings (or more exact circular
loadings)forming a rigid plate. the unknown
louds of these rings then are determined by
using prof. Zhemochkin's method. The
approximave solutaon of the uniformally
loaded ocircular plate 1s found by
means of the integral equation

which is the result of the boundary condi-
tions.The solution of this integral equation,
is obtained approximatellyby the expemsion of
the unknown function into series of some
chosen functions with unknown coefficisnts.
At present there is the programme foar cal-
oulations with the use of a computer.The pa-
rameters of soll,plle,ousbion being given,
this programme permlits to evaluate all the
duly necessary for making clear the behaviour
of the foundazion type under consideration.
For example let us take the following pa-
rameters. The radius of the foundation block
R=60cm,the cup pile radius 1=30cm,the total
load applied to the foundation block P=45
tons, the subgrade reaction coefficients Cgz)=

5,10,20kg/cn’, Cz§=l kg/cm>, the elastic mo-
dulus and the coefficient gatio of the cushi-
on material are E=300kg/cm<, Y =1/3. The re-
sults of the calculations are shown on Fig,-
On the abscissa axis the values of h are gi-
ven. On the ordinate axis the values of the
ratio in % between the load acting on the pi-
le and applied to the foundation block,as
well as the settlements values of it are gi-
ven. It can be seen that the effect of the
yielding pile coefficient Czl on the founda-
tion block settlemente is aignificant when h
is comparatively small. The layer thickness
and yielding of the pile considerably influ-
ence the value of the load part transmit ted
to the pile,

The results are in good agreement with the
data of the field experiments conducted under
the guidance of prof,Barkan D.D,
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SEISMIC ENERGY TRANSMISSION INTO TA#O LAYERED
S0IL FOUNDATION. Sinitsyn A.P./USSR/

The seismic effect of an earthguske hearth
is propsgated to the structure through a
layered sall foundation. The propagation of
seiosmic waves in layered media has been
studied quite fully. But the latest inves-
tigations (1) have shown that the additional
investigations must be carried on the soil
foundation in which there is a stratum with
low velooity. This stratum has the elasto=
plastic properties and is described by bil=-
inear disgram. The upger Bedimentary stra-
tum on which the foundations of the struc-
ture are placed is a stratum with low velo-
oity. The energy flux is a good generalized
parameter to determine the influence of the
sedimentary stratum properties on thw trans-
mlssion of seimmioc effeot to the struoture
foundation. The value of seisuic energy
flux transmitted through the sedimentary
stratum depends on the oghysical and geomet-
rical characteristios the stratum. The
essential influence on the distribution of
displacements and accelerationsa on the sur-
face of the sedimentary stratum exerts not
only the thickmess of the stratum but the
inclination of the rook foundation which sp=
reads the sedimentary stratum too. Using the
finite method it is possible to determine
the overload coefficients to the surface of
sodimontarz stratun. The overload coefficiemt
is called the multiplier by which the wave
effect propagated through the rock foundati-
on must be multiplied for the evaluation of
the wave effeot coxresponding to a given sur-
face point of sedimentary stratum. This coef=
ficient in some. cases may have a great value.
Por example the value of accelerations on
the surface of sedimentary stratum may be tw-
ice as much as the accelerations of rock foun-
datian. The graph of alteration of the over-
load coefficient for the maximum accelera=-
tions of the surface of the sedlmentary stra-
tum 18 shown in fig.l. It is the case when
sedimentary stratum has changeable thickness
a8 it 15 in a valley. From the graph it is
clear that the sedimentary stratum may both
increase or deorease the acceleration values
which reach a given point of rock foundation.
Thus, the engineering geological strusture of
the regiaon in whioh the earthquake emergy
propagates, influenoces greatly the value of
effect which is tranamitted to the structure
during an earthquake. In fig.l three points
are sBown in which a bullding may be placed.
In point 1 the amplitudes of the accelerati-
ons will be twice as much as in point 3 and
two and a bhalf times as in point 2. That way
in such conditions it 1s worth while to plaoce
the building in point 2 and the aseiamic re-
sistance of this building will be bigger as
oompared to the case when the bullding is
plaged in points 1 or 3. The inorease of ase-
ismic resistance of the bullding is the res-
ult of a good ohoig:iof engi.ne:iji.ng seolot;
8 n no specia
%élpe%ﬁ%%%‘énﬁu‘éi be ma es. xt strong egrt
quakes in dep layers of the upper mantle th»
propagation of seismic waves is complicated
by the complexity of the atress omditions.

The seismic waves change this strese condi=
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tions. The detailed investigations of this
problem show (2,3), that in susch camplex
stress oonditions there may exist two velo-
olties of elasto-plastio wave propagation.
The first velooity Cp 18 related to the .fast
plastic waves. These waves appear when main
stresses are the normal stresses caused by
"P" wave. The seoond velooity C, - is rela-
ted to the slow plastic waves 'ﬂioh are ocon=—
nected with shear waves, they appe
when the shear stresses are great,

The indicated velooitles satisfy the folle-
wine nonequalities:

0g<024CpsCy
The values of velocities Cp end Gg, which

correspand to the plastic defornation froat
propagation, depend on values of and
In table I the values «f these velocit es
are given in dimensionl}ess form.

By the complex stress conditions the two
plastio waves arise, the first is related
to the longitudinal and the second to the
shear seismic waves. The fast plastic longi~
tudinal wave has velocity -O{. and the slow
plastic shear wave has veloo ty-os.

To oorrect applioation of the data given
in Table I for the desisning of structwre
foundation on aseismic resistance it is
neceasary to consider the preliminary stress
caused by dead load of =0il, This stress in-
fluenoes the loading of structure during the
whole poriod,
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@%f $=0.0I__ B=0.40 £=0.90 Note
_ cf/c2_Cs/C2_C£/C2_Ca/C2_CL£/C2

o/=0 1,00 0,16 I,00 I, 00 I,52
0,5 0,II I,47 0,64 1I,58
0,09 I,57 0,57 1I,60

I,6I 056 1I,6I
oofse0) 1,62 0,06 I,62 0,55 I,62

2.

3.

Ce/C2

I,00¥=0.:
0,97 Co=
0,946=2
0,93

$ -the coefficlent of deformation modul on
the plastic range of diagram.




SESSION RO,8 SOIL DYNAMICS AND
SETSMIC EF%ECTg ON_FOUNDATIONS

B.0.Skipp (England)
Vibrations assogiated with collapse of

structures

Between 1969 and 1972 seven large cooling towers
were demolished in the United Kingdom by explosively
removing their supporting legs. The energy avail-
able on impact was equivalent to & small earthquake
of low megnitude end the duration of the impact and
the ground response extended over several seconds.
Because concern had been expressed on the integrity
of adjacent structures and services when these
cooling towers were demolished vibration monitoring
nf gromnd and sitructure response was undertaken, In
addition on three occasions high speed cameras were
mounted and the progress of impact followed.

The three sites on which these demolitions were
undertaken had different geologlcal conditions
and the vibration results are interesting both
from a seismological and engineering point of
view eince the services near o the polnts of
impact included gas mains,oil filled 132 kv
cable . and relay atations controlling major
sectors of the power supply to a large city,
and a main sewsr. Structures near to the
points of impact included bridges, railway
embankments, roadways light buildings, cooling
towers on piled foundations,and wharf fronta-
ge held back by tie bars.

The vibrations were meusured generally by
damped low frequency seismometers (geophones)
feeding into U}V recorders and tape recorders
together with strong motion seismographs

At Thorvn Hill. Yorkenire the cooling tower wes

280 ft. high and weighed approximately 3,200 toms.
The demolition was undertsken by removing support-
ing legs from 270° of the perimeter a%lowing it to
fall by firat tilting approximately 5 , whereupon
impact took place upen the edge of the reinforced
and thickened lower part of the shell and pond
floor. The cooling tower itself was founded on a
strip footing sitting on dense gravel some 40 ft.
thick overlying Coal Measure sandstones and shales.

The levels of vibrations recorded were notable in
that they were extremely high end the results are
included ae peak particle velocities in Fig. 1.
Accelrometers installed at the points of impact

on shell and on the pond wall gave values of
acceleration between 36 and 40g. BEigh speed photo-
graphy (500 frame per sevoud) iudicated thsi tbe
retardation upon impact was in excess of 25¢g.

At Cardiff Power Station in Wales the cooling Lowers
rested on pilee which were driven into weathered
Keuper Marl at a depth of 30 fi. aud ihie wuperficiual
deposits consisted of fill and loose to medium

sande and gravels with a small amount of soft silty
clay. The vibrations recorded here by both the
geophones and by a strong motion seismograph were
much smaller than those encountered at Thorn Rill.

Deceleration on impact was 3.0g. It was also
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noticed that the aceclerations were in cxocso of 1g
as recorded in the strong motion seismograph quite
elooc to the point of impact (5 motres) but tho
materiale in which the devices were embedded was &
very loose fill extending to 5 metres below ground
level. There was evidence of ground rupture up to
2m away from the edge of the cooling pond wall,
that is some 5m from the presumed point of impact.



At Ince Power Station in Cheshire where the towers
are on driven concrete piles the vibration levels
were recorded on the collapse of three cooling
towers each cooling tower having somewhat different
soll conditions beneath it, but gemerally the
ground consisted of peat and alluvial deposits with
some¢ boulder clay overlying weathered Bunter Sand-
gtone, The presence of peat vas most noticeable at
No. 2 tower but the overall picture in terms of
peak particle velocities has been included on Fig.1
and it can be seen thet generally the results were
more akin to those noted at Cardiff tham at Thorm
Hill. Deceleration on impact was 1.,0g for Towers 2
and 3 and 4.0g for tower 4.

It is evident that the levels of vibration which
can be expected from these demolitions depends a
great deal upon the stiffness of the underlying
80il., In conditions where piling was necessary for

the founding of the struoture it 1s likely
that the levels of vibrations in terms of
particle velocl ty will not be excessive.
However where the towers have been able Lo

be founded on pad footings it 1s probable
that there will be a greater emergy transfer
into seismic form and correspondingly higher
particle velod ties, Nevertheless services
buried at Thorn Hill sustained levels of vib—
rations well in excess of any of the stan-
dards normally laid down and it would appear
that even in unfavourable conditions the vib-
rations set up by such demolitions are not
likely to give rise to engineering difficul-
ties. From the point of view of the ground
response we are carryirg out further studies
on the power spectrum and the response speot-
ra from the strong motion seismogreph. Such
a response spectra. for a oollapse at Ince is
attached as Fig.2 and it is interesting to
note how closely this follows the form asso—
olated with a typical earthquake. It 18 also
interesting to note that such high particle
velooities and accelerations could be sus-
tained near the point of impact of the Cardiff
Cooling Towers even though the upper layer
was of such soft and unconsolidated material,
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Foundation Acting as Seismic Shook Absorber
and Preventing Bulldings Against Destruoction
during Earthquakes

As is known,cities and towns are mostly com-
prised of bulldings with brick walls,

Since brick walls are characterized by a
very low earthquake resistance,large-scale
construction 1s not earthquake resistant,

This fact is evident from great destruoti-
an8 caused to cities and towns by seismic
forces durlng earthquakes in past years,

A specially designed foundation acting as
a selamioc shook absarber to be placed between
the building and the earth can prevent brick-—
work buildings from collapsing and can con-
tribute to saving cities and towns from
destruction due to earthquake shooks.

The foundation cmsists of reinforoed concre-
re_structures of two types-Nos 1 and 2(Fig.l).

Structures No,l rest on the earth,while
those of No.,2 are suspended from structures
Noe.l by means of steel suspensions (C),with
springs (H) at their ends and reinforced-con-
orete girders (P) (Figs 1 and 2).

The building walls %S) are carriel Ly sys~
pended structures No.2 (Figs. 1,2,4).

Thus the building does not actually rest on
the earth but is freely suspended (Fige.2,4).
Consegnently earthquake forces (Q) will be
acting on the suspemsion points,i.e.structure
No.1(Figs 1 and 2),rather than on the buil-
ding propec.

Air gaps left between structures Nos 1 and
2 ensure absorbtion of lateral amplitudes of
selsmic vibrations of buildings during earth-
quakes (Figs 2 and 3).

Since the magnitule of seismic forces ac-~
ting on building 18 dependent of the magni-
tude of vibration accelerations of buildings
(with the acceleration decoreasing the above
forces are also decreasing and vice versa),
the seismic force can be reduced by decreasing
vibration accelerations to a value which is
safe for brick buildings,

To avold destruotion of buildings the sus-
penaion length 1s,thereforce,increased whioh,
results in inorease of thelr wvibration peried.

The increased period of Iree vibrations of
buildings will reduce both the vibration ac-
celeration and the complex seismio force ac-
ting on the bulldings,to a value safe for
brick buildings.It will also eliminate a re-
sonance phenomenon between the parameters
of free vibrations of buildings and those of
seismic vibrations of the earth,

Use of the above mentioned foundation will
susurs saroty of a brick bullding durin
earthquakes whose magnitude ie 9 points and
over by the Mercalli~-Umcani scals,

In the USSR the described foundation has
been used to eonstruct a 3-storeyed brickwork
block of flats (Pig.4).

The specitic treature of the foundation in
question has been confirmed by instruments
during artificially-induced vibrations of the
earth under the foundation (Fige5).

The author has received the Inventort's Cer-
tificates Nos 53663 and 70385 .for this foun-
dation design,
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