,ON MEASURING THE COMPRESSIBILITY OF SOILS

A. M. Skobev

In [1] a device is described which was used to study the dynamic compressibility of soils, This de-
vice in outline constitutes a vertically oriented cup; the sample of the soil is placed on its bottom. The
sample is compressed by an elastic piston hit by a freely falling load. In the test process the stress in the
sample and the displacement of the end of the piston are registered as functions of time.

The strain is determined simply as the ratio of the displacement to the height of the sample. The
process is assumed to be quasi-static.

It is obvious that the process will not always be quasi-static; in particular, immediately after the
impact a shock wave can take place in the sample. Consequently, the limits of applicability of the quasi-
static analysis must be determined. .

When planning a series of tests, it is desirable to know the limits of variation of the stress for a
known height of fall of the load and a given elasticity of the piston.

Finally, it is desirable to have a means of verifying, by means of a series of tests, whether some
equation of state is satisfied for the soil sample.

These problems will be considered in this note.

1. It is assumed from the very beginning that all quantities depend only on the time t and the single
spatial coordinate x. The x axis is directed upward; the ground occupies the interval [0,/4], and the piston
occupies the interval [I4,/; + I;]. Further we denote the stress by o(x,t), the strain by (x,t), the velocity by
v(x,t), the displacement by u(x,t), the displacement by p(x,t) = pj for 0 = x = I}, and by py for [; = x = I +
I; py, py =const, 0 = Ese for Iy = x = I; + I;; m is the mass of the soil sample per unit surface; v, is the
modulus of the velocity of the load at the instant of impact. The compressive stress and strain are taken
as positive.

In the quasi-static approximation it is assumed that 9¢/0x = 0, 8e/8x = 0, For this approximation to
be valid, we must stipulate that the stress in all tests be only slightly different from the stress at a cer-
tain single point, for example, x = I; + I,. Next the weaker condition

t £
= g[c(ll+lg,‘c)—c(0,'r)]dt <n=|\otit+b,ma (1.1)
o 8
is verified.
The equations of motion for the material and the load have the form
do (L1, ¢
pon 2Bl ROERDsntn g . (1.2)

From these equations it follows that
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It is natural to assume that |v(x,t)| = v4. Then sy < (pyly + poly)vy and the condition (1.1) is reduced to
the condition

O1li + 0oy <€ m |1 —~ {2 (I + L, )|/ 9] (14)
or
Palit Pols =pm [ — | v (I - L, 1) [Lve]  (u is small), (1.5)

From (1.4), in the first instance, it follows that the parameters of the installation in any case must
satisfy the condition

prls + paly < m {1.6)

i.e., the mass of the load must be much larger than the mass of the soil sample and the piston. In the fol-
lowing we assume this condition as fulfilled.

In the second instance, it is obvious that for t = 0,(1.4) is not satisfied (the right side being zero),
but as the time elapses, v(l; + I5,t) decreases to zero (the load is slowed down). Consequently, there exists
a time interval{0,ty]overwhich the process is not quasi-static.

2. We now have to obtain the equations describing the process over the quasi-static segment, In the
following we everywhere use the abbreviated notation:

—v (i t)y=v, —0(LT b)) —n1=2 B
ell,ty=¢, &+t =¢g, o=(miE"+ mi By,

From quasi-static condition it follows that
e = v/ Iy, & = vyl ly
Hence the second of Eqgs. (1.2) can be written in the form (with Eyes = 0 taken into account)
mhe” + mlE, " = —o0 . - (2.1)

This equation is closed by the equation of state of the soil (which is not known in advance), and by
the boundary conditions
(0 =0, 0¢{0) =0, hey (0) + LE, 0" (0) = v « {2.2)

The last one of these conditions is obtained from the definition of £4" and &, , replacing e, by Ez‘icy'.
Of course, from (2.1), (2.2) we cannot determine o(t) and &(t), since the equation of state is not known, but
we can make certain estimates.

We assume that the equation of state has the form

di 1 d
T mE o Tec—a @), £>0, gO=0. (2.3)

Substituting (2.3) into (2.1), taking into account the fact that w? = m(;E,~! + lZEQ"l), we obtain

0" = —a —oimhg (2.4)

or
t

s=o1a’ Osinot—{ommbg simo@—ga
0

, (2.5)
=m-1s'(0)sinmt—m-"mlxscosm(t——i)gdi .
0

From (2.5) it follows that o(t) < w‘lg(O) or, with (2.2) and (2.3) taken into account,
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o < (5 ) (2.6)
The time of growth of the load, t,, also is of importance. For this we have the estimate
% Vm LBy | LE\Y:
o< TR (AR (2.7)

The inequalities (2.6) and (2.7) allow us to estimate in advance the important quantities opyax and t+,
if we know the quantity E; or the so-called dynamic diagram.

From (2.7) we see that the estimate for t4 does not contain vy. Apparently this means that the time
of growth depends but little on the velocity of the impact.

Finally, we can obtain an estimate for ty, the instant of time beginning with which the process can be
taken as quasi-static.

Let the ec}u_ation of state have the form ¢ = E4e. Then from (2.1), (2.2), and (1.2) we have
v = v, €OS W, t,=n0 /2 (2.8)
and (1.5) gives the following estimates for t4 and t4/t+:
B (1 —cosoty) = (o1 + pela) / m (2.9)
g [ £, = 2T arc cos [1 — (pili + polo) / (mw)] . (2.10)

Here u is the same as from (1.5), and characterizes the allowable error. It is natural to stipulate
that the condition t4«/t+ < 1 be fulfilled, i.e., the time of establishment of a quasi-static state should be
small in comparison with the duration of the process. Then from (2.10) we obtain

by 4= 2071 V ol T pale) ] (7o)
or myu > pyly + poly, which is stronger than (1.6).

From (2.10) it is seen that t4/t+ does not depend either on v, or Ey, i.e., for an elastic medium it
does not depend on the equation of state.

Consequently, t«/t+ only slightly depends on the state of the sample. Therefore (2.10) can be used for
a preliminary estimate of t+/t+ in an unknown sample.

3. In order to obtain information about the behavior of the soil from the experimental data we can
use various methods. Here we briefly consider two of them.

The first of them consists of setting up a family of curves (o,e) for constants &  and agsuming that
this in certain cases can replace the exact equation. -

Later, by way of an example of an elastic sample, it will be shown that device described above is
not suitable for this. The condition of applicability of the first method can be written in the form

levt [<Lle"| or. [e"t, /e | < (3.1)

where p is sufficiently small. This simply means that ¢” must not significantly vary over the characteris-
tic time of the process. Furthermore, it is reasonable to choose the criterion of accuracy p; as equal to
e

For an elastic sample (o0 = Eyg4) the condition (3.1) is transformed into 1/27r tg wt < u, i.e., (3.1) is
satisfied only for t < ty, where ty = wtare tg (2u/7).

Thus, ¢ can be taken as constant only for tx <t < ty, i.e., we must have ty > t4. If (2.9) is [ulfilled,
then this inequality can be rewritten in the form (t4 must be small)

n2 pali - pele
P
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This is a very strong inequality.

The second method consists of assuming a certain equation of state of the soil, and a series of tests
is set up to verify this assumption.

For example, we assume that the soil sample is described by Eq. (2.3) with linear g and o4. Let gx(t)
and e4(t) be the solution of the system (2.1)~(2.3) with vj = vx. Then the solution with an arbitrary v; has
the form o(t) = (vo/v4) o4(t), e(t) = (vo/v4) e(t). Thus a series of tests with different v, allows us to decide
whether or not the given assumption is applicable.

Concluding, the author thanks the participants of the seminar of the Section of Dynamics of Nonelas-
tic Media of the Institute for Problems of Mechanics of the Academy of Sciences of the USSR for the dis-
cussion of this paper.
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