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Time Dependent Lateral Pressures, Poisson’s Ratio Measurement

Pressions Latérales Dependent du Temps, Mésurement du Nombre de Poisson

TAN TJONG-KIE Prgfessor of Rock and Soil Mechanics and Tectonophysics, Institute of Geophysics, Academia Sinica.
Beijing; Former Director, Institute of Rock and Soil Mechanics, Academia Sinica, Wuhan, China

SYNOPSIS Lateral pressures have been measured as a function of the time in the Gauge oedo-

meter under various stepwise loadings. This report

presents a new method for the determination

of the time dependent Polsson's ratio and its theoretical basis.Implications for praotical appli-

cations are discussed.

INTRODUCTION

The stress distributions in soll masses are
known from practice to change with the time.
From the theory of elasticity we know that
the stress distribution in multiply connected
bodies depends on the Polsson's ratio
its visco elastio analogue in soils is a
parameter dependent on the time and the
current effective stresses, As the time
effects of shear oreep, volume creep and
consolidation are mutually interrelated,

it is very difficult tv measure the Pois-
son's ratio in soils. In the Design of
earthpressure structures as strutted exca-
vations, retaining walls and underground
struotures it is not only necessary to
estimate the stress distribution in the
beginning but also how it could change

with the time., It 1s interesting to note
that the ultimate state of stress may be
hydrostatic as that around the subways
tunpel in London (Glossop, 1950). This
report presents an experimental and theo-
reticel study of factors affecting the
gradual changes in stress distribution.

DESCRIPTION OF THE GAUGE OEDOMETER

The Gauge Oedometer 1s a compressiometer,
whereby the lateral pressure oan be mea-
sured as function of the time (Tan,1957-
1961) . The oedometer consists of two sym-
metrical rigid half rings tightly comnec-
ted by two thin steel strips (Fig. 1). 4
lateral pressure against the ring assem-
blage gives a tensile strain in these strips
which can be measured with the help of

two active strailn gauges ; these gauges to-
gether with two dummy gauges are connected
in a full wheatstone bridge. This bridge
operates under a three volt D.C. and every
strain variation oan be recorded with the
help of a sensitive Galvanometer G. The
cirouit 1s temperature compensated. The
floating ring 1s suspended by springs suoh
that on%y vertical displacements are allowed
(not shown in sketoh). The conmection of the
two half rings are provided by a watertight

seal to prevent leakage of pore water.For the
calibration an artificial sample 1.e. hollow
rubber oylinder with flat ends 1s made; it 1is
completely filled with water andi tested in the
oedometer. As the state of stress 1in this
artificlal sample is hydrostatic the apparatus
oan directly be calibrated.
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Fig. 1 Sketch Gauge Oedometer

DISCUSSION OF TEST RESULTS

The typioal results of three series of tests
will be presented and disoussed:
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Fig. 2 Vertical Deformation w/H and lateral/
vertical stress ratio Gh/q as

1
function of Miné for a 3 step-loading
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Fig. 4 Vertical Deformation w/H and lateral/
vertical stress ratio Oh/q as

1L
function of Min™ for a 2 step-loading

In all the tests a stepwise loading has been
applied: in Series I, the vertioal pressures
q = 20 Kpa, Q@ = 40 Kpa and q = 60 Kpa; in
Series II and III two steps of q = 30 Kpa and
q = 60 Kpa. The vertical deformation w/H and
the ratio Oh/q of the lateral to vertical

pressure have been measured as a funotion of
the square root of the time in minutes.
Directly after application of the first step
an instantaneous vertical deformation ooocured,
which can be ascribed to the initially loose
contaot between porous plates and the sample:
this phenomenon 1s not observed in further
steps, In the first and second steps in series
I (Fig., 2),W = 39,7%; the lateral pressure
equals the vertioal pressure instantaneously;
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this 1s an indication of full saturation. Due
to the squeeging out of pore water the lateral
pressure decreases,but simultaneously relaxa-
tion of deviatorlo stresses within the sample
ocours and stresses are transferred to the
rigid ring resulting in the increase of the
lateral stress. The result i1s a decrease in
lateral pressure until a certain minimum,then
gradually it rises up until a hydrostatioc state
of stress 1s attailned.

In many oases the ratio oan only reach a maxi-
mum value less than 1, It can be noticed that
the relative compression decreases with the
number of steps,l.e.that volume hardening due
to the increase of the number of interpartiole
contaots has occured.

So in the third step (Fig.2c) the imnitial ratio
is only 0.55,which then quickly deoreases and
gradually rises up until 1. This is an indica-
tion that under a vertioal pressure of 60 Kpa
yleld values and friotional effects have been
oreated and mobilised.

In Series II,W=42.8%;the first step (Fig.Ja
shows the same tendency as Series I. In the
second step (Fig. 3b) the hardening is obvious
from the initial stress ratio of 0.8 and the
delay in attaining a minimum.

In Serles III,W=37.8%;the stress ratio
decreases continuously.No rise has been obser-
ved within the period of one week.This 1s a
clear indicatlion that the viscosity and the
time of relaxation has comnsiderably increased.
Due to the inoreased volume hardening,the
number of interparticle contaots has become so
large that the sliding and jumping of bomds
between the particles becomes far more diffi-
cult.From the above results it can be concluded
that in soils with higher wateroontents the
shearing stresses may quiokly relax to gzero
and a state of hydrostatio equilibrum ocan be
attalned within a week., Stresses relaxing to
zero have been meassured 1n a Relaxation
Plastometer for Harbin Clay (Tan 1957).

For solls with lower porosities and water
contents this process may be delayed.As we will
discuss hereafter the state of stress is not
hydrostatic if hardening effects may make the
viscosity infinite (limited creep).

THEORETICAL ANALYSIS

In the lateral pressure three time factors
are obviously interrelated,the waterpressure,
the creep,relaxation of the soll skeleton
and the hardening of this structure:

1. In fully saturated samples the waterpres-
sure U' instantaneously assumes the value

U' = q after loading;then the porewater is

squeegzed out, the water pressure quickly
decreases and gradually approaches gero in
the secondary consolidation period (Tan 1959);
2. The horizontal pressure assume its initial
value during the elastic deformation

0, = q;@/(1-)§);due to the relaxation the

stresses are gradually transferred to the most
rigid part of the assemblage 1.e. the oedo-
meter rings and consequently Oh increases

approaching 0 = q yh/(1-}ﬁ);



3« In the samples with higher porosity and

watercontents the stress deviator 0; - OL

relaxes to zero and an ultimate state of
hydrostatic stress 1s attailned after 5 to 10
days of loading. In samples with decreased
watercontents due to 5% compression however,
the state after a week 1s not hydrostatic as
notioed from Oh/ qQq<1. Further the stress

ratio 1s less than one,directly after appli-
cation of the Loading;{hese are indioations
that frictional effeots and stronger inter-
particle bonding forces have oreated,
whereas the number of interpartiole contaots
must have been considerably increased due to
volume hardening.

Three types of behaviour can be distinguished:
1. Oh/q decreases -« minimum - inoreases -+

maximum -»(Th/ g1

2. O'h/q Decreases - minimum «+ increases +
maximum +—0'h/Q< 1
3. Gh/q decreases gradually --1limit; no

increase observed in period of
observation.

The second case has been observed for a dense,
fat clay with a water content of W = 21,5%
and o, = 18 x 10'8m2/sec., yg = 0,41,

yL = 0,44 under q = 21 Kpa (Tan 1961).

The same features as in Type 2 cam be noticed
from the test results by Vidmar (Suklje),

who studied stress relaxation phenomena 1n
earth pressure laboratory models.The stress
ratio first decreased to a minimum and then
gradually inoreased to a 0.8 within a period

of 1.2 x 10% sec. As the rigid wall is allowed
to move laterally and to rotate, thLe measured
lateral pressure must be lower than in the
case of a completely fixed rigid wall as in
the gauge oedometer.

The above findings can be expressed mathemati-
oally as follows. Assuming homogeneity and
1sotropy the stress- strain relation for
stresses below the upper yleld value can be
written:

o(t) = {I:v{x(t-t*) - 2G(t-t*)/3} tre(t*) dt*
+ ijpG(t-t*) e(t*) dt* + U I; 1)

Whereby K(t*) and G(t*) are functions of the
effective stress—-invariants;after Laplaoe
transformation, thereby neglecting the history
up to t = 0, and for simplicity not comnsidering
the time effeots in the stress invariants:

G =1 (E-é&/}) tre + 20e + ﬁ;I; )
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- 261 +V) _— . -
o = _;ZT:E?TS_- e + U (2a)

Whereby:
I = unit matrix, 0 = stress matrix;
*
e = strain matrix;tre = e = 8 te tes = volame

strain; 0% = (0%+Oé+03)/3 = hydrost. pressure;

Ke 2 e@lastic balkmodulus : Geu elastio shear

modulus: Uw = waterpressure;

G = Ge/(1 + sa;); X = Ke/ (1 +s iv);

K_ = transform of volume creep function,which
is a monotonously imcreasing function,
approaching a finite limit;

G_ = shear creep operator whereby four types
oan be considered:

creep with log t: G = Ge/(1-¢° log Cs)

creep with t: G= Geqs/(qs + Ge)

oo r r
Gy= Ggs /(¢°+ s)
for O<rgil
n n M
Go=(A 8"+ .4 )/ (B s"+..B) ;

creep with tT:

creep with defi-
nite limit:

N = viscosity; B,9Ay...B, = Constants.

In all the above and further formulas a bar
above a quantity denotes its Laplace transform.
In practioe oreep limited to a certain amount
1s only observed for very small stresses

and in the ocase of poor silty clays,whereas
the first type 1s most general. As we have
analysed above the increase of contaots
between the particles due to volume compres-
sion makes the sliding and disrupting of inter
partiocle bonds more and more difficult and the
viscosity 1noreases and even oan become
infinite (see formula (8)3. From (2) the follow-
ing formulas oan be derived;

Eh/ q =1 - 26 w/Hq (3)

- 1

V= 5 ( 1 - ___E_____) (4)

1]
1
@l

The seoond term in the right part of (3) expres-
ses the effeots of the relaxation of shearing
stresses and the waterpressure which is con-
tained in w, By measuring the stress ratio and
the vertical deformation as function of the

time 1t 18 possible to evaluate the shear
operator Gv. So the Gauge oedometer 18 essen-

tially a relaxation plastometer for oonfined
oonditons.

799



4/57

The Poissoms ratio Ve, which 1s the initial

value of the operator of lateral expansion
oan be computed from the following formulas:

1
w Cv t % n Cvt (5)
n 2 H = .
= ! mvc { TH ’ v HZ 4

Oh _, _ _ 201 -2%) {Cvt 1%
q 1-V, TE )

(6)

The formulas (5) and (6) have been esta-
blished for the initial prooess, where all
deformations are malnly elastic and where

the effects of the oreep and relaxation are
negligible.

The ultimate value of the operator for lateral
expansion oan be obtained from

On - 1}u (7)
Oy 1 -V;

By plotting the stress ratio Oh/q and the

vertical deformation w/H as a function of the
square root of the time and making use of
(5)1(6),(7) and Taylor's fitting method the

o

following table has been obtained.
-8 2

Cy 1in 107 m"/se0. V, Vu
Series I
Step I 16 0.16 0.5
Step II 18 0.23 0.5
Step III 10 0.0 0.5
Series II
Step I 20 0.27 0.5
Step II 12 0.25 0.25
Series III
Step 1 30 0.27 0.33
Step II 11 0.09 0.23

In an earlier theory on the consolidation and
flow of olay layers the volume deformations
are considered to be elastic, whereas a
Maxwell creep linear with t is assumed for
the ghear behaviour of the soill skeleton (Tar
1953); These assumptions imply that the long
term state of stress will be hydrostatio.
Experimental evidence for such behaviour are
shown in the typlcal examples of the Figs 2
and 3A. Farthermore the state of stress around
the sabway tunnel in London 1s hydrostatic
many years after the end of the oonstruotion,
(Glossop 1950). The formulas (2),(3) and (4)
show us that if the creep will not stop, but
proceeds continuously - independently of the
manner it inoreases with the time, as log t,

tT, t eto - them G, +0 and )/, + % for t+mand

8 + 0, As the relaxation times of soils have
been determined in the order of days,weeks
montha, years and even longer it oan be
expeoted that a possible state of hydrostatio
stress may be attained in praotioe after
months, years and even much longer. For solls
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with logarithmio oreep at very slowly dece-
lerating rate,this prooess is much slower.On
the other hand if the creep may come to a
standstill and thus the shearing deformations
will be limited, then the ultimate state of
stress will not be hydrostatio. The Figs 3B
and 4 show us that there is a critical compre-
ssion,whereby the stress ratio does not rise
up 1i,e. the viscosity beoomes infinite, when

the oompression attailns a critical value espe

A tentative formula i1s given as follows:

oo (8)

T=%/ O -

or

whioh describes the hyperboliocal inorease of
the vlisoosity with the oompression.

CONCLUSIONS

For engineering designs it will be desired to
have an 1dea of the initial and ultimate stress
distributions in soll masses;for these pur-
poses Gauge oedometer tests must be oombined
with oreep and or relaxation tests. Im this
way we can get the data and funotions needed
for computation analysis: shear creep funmotion,
relaxation funotion, the elastic parameters

Ge and v;, the coefficlents of compressibility

LI and consolidation Cv’ the ultimete Polssomns

ratio )/, and the bulkmodulus, the hardening.

In oonstructions it is important to design an
effeotive dralnage system in order to reduce
the waterpressure and to achleve an effioient
volume hardening of the soil skeleton to ar-
rest the oreep, In this way a reduction of
the lateral pressure 1ln earthpressure struc-
tures oan be achieved.

A finite element analysis 13 very helpful in
getting an idea of the stress and deformation
flelds to be expected and the effiolency of
our measures,
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