INTERNATIONAL SOCIETY FOR
SOIL MECHANICS AND
GEOTECHNICAL ENGINEERING

SIMSG [} ISSMGE

s

This paper was downloaded from the Online Library of
the International Society for Soil Mechanics and
Geotechnical Engineering (ISSMGE). The library is
available here:

https://www.issmge.org/publications/online-library

This is an open-access database that archives thousands
of papers published under the Auspices of the ISSMGE and
maintained by the Innovation and Development
Committee of ISSMGE.



https://www.issmge.org/publications/online-library

I : g?! - -ch.fffq:dxdydz (7)

If on the experimental set up, the eleo~
trodes whioh are feeding the system with
o S ourrent are broken up into certein seotioms,
then we can with a certain approximetion
determine the value of ¢ 1in various parts
of en electrically conductive mediume.

If we determine the value ¢ for a
series of separate volumes, we can then
I substitute equation (7) going over to the

’ method of final differences, with the ap-
o 2\ proximate formules
3 N dv
i [ o
Y N Here:
| 4;:\——MMN -
§ A” ) C = Ko,ovo
| —~
A —waw (vo =the value of a separate disoreet
i\ N~ element into which the wolume under inves=
N £22 tigation is divided, during experiment).
- AP S milliampermetey If the question resolves itself into

the determination of the settlement of the
centre of a symetrically loaded symetrical
Fig 1 surface, then the summation ocan be carried
out along the central, verticelly situated
ourrent path, which may be separeted out
by means of insulated walls ruming parallel to the lines of the current and without reproducing all
the rest of the medium. (See Fige. 1)

We cen also under any experiments whatsoever instead of deducting the value c¢ determine it by
means of experiments with such & conflguration of the deformed medium and with such & distribution of
stresses, by which it would be posslble to carry out an experiment, parallel with the theoretical oal-
oulation of the value dv/dt.

From the preceding it is plein, that the herein desoribed method mekes possible the further de-
velopment of the method of hydroelectrodynemical analogy as suggested by Pavlovski (N. N. Pavlovski,
The Theory of the Movement of Subsoil Water under Hydreulic Structures, Petrograd, 1922) for the inves-
tigetion into the movement of subsoil waters. What is new about this is the construction of the volu~
minous feeding of the whole system wlth current.

This may be more simply accomplished by distributing the electrodes along the surfaces of equal
pressure previously determined by one means or other. The more the eleotrodes and the oloser they are
placed inside of the condueting medium, {electrolytic liquid) the nearer will the laboratory test cor=-
respond to the theoretical demandse.

No. Z-10 THE CONSOLIDATION OF MARINE CLAY DEPOSITS DURING AND AFTER THE SEDIMENTATION PERIOD
Dr, Os Ko Froehlich, Comsulting Engineer, The Hegue, Netherlands

The problem of the determination of the exoess hydrostatioc pressures existing in olay or mud de-
posits during their sedimentation period and thereafter has been dealt with by K, Terzaghl (1), A,
Ortenblad (2) and the writer (3) on the following assumptions:

1) The sedimentation takes place on an impsrvious base.

2) The exoess water oontained in the deposit escapes only in a vertical upward direction.

3) The average coceffiolent o of comsolidation may be oonsidered constant over the whole thiokmess
of the deposited layere

l;) The speed of sedimentation v is comstant during the whole period of sedimentetion,

This problem is govermed by a partial differential equation, whioh is formally identical with the
Fourler equation relating to the one=dimensional, non=-stationary flow of heat through plan-parallel
plates of homogeneous materials. (L) Let be:

W eeeeese the excess hydrostatic pressure at a point of the layer ocharaoterized by

Z esesees the depth under its surface, and

t eesseee the time, elapsed sinoe the beginning of the flow phenomena;

€ eeseess the volds=ratio at t =0,

X csesess the coeffiolent of permee.bili‘ty,

8 seesees the ooeffiolent of ocompressionm,

B esseses the speoifio weight of the liquid (water) filling the voids of the clay,

o=k (1+&) ..c.. the definition equation of the coeffiolont of conmsolidationm,
8.3
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then the partial differential equa-
tion mentioned on the preceding

page is:

o - a—i = W (1)
3,2 ot

All efforts to find the exaot so-
lution of equation (1) for the
speoial problem of the combined
oongsolidation and sedimentation
encountered great diffioulties
beoause of the varlability of the
thiokness of the layer with the
time, so that the authors men-
tioned preferred to content them=
selves wlth approximations,

Fortunately, it has been
shown by oomparisons of approxi=-
mate and rigid solutions of oon=-
solidation problems (3) that the
former satisfy 2ll requirements
from a practiocal point of view,
Moreover, there is not muoh hope
of establishing mathematically
rigid results of oonsolidation
problems, characterized by vari-
able height of the deposit, For
this reason, the approximate way
of taokling problems of oombinad
consolidation and sedimentation
will also be acocepted in this
paper.

A problem, olosely akin to
that desoribed above, whioh, with-
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out doubt, is apt to interest both foundation engineers and geologists, oonsists of the determination
of the exoess hydrostatio pressures, produoed by the effeotive weight of the soil during the sedimenta-
tion period and afterwards, if the base oonsists of a pervious stratum, for example sand, whioh is in
steady oommunioation with the suspension liquid, so th&—a‘ﬁ'?foess hydrostatio pressure in this under-
lying sand oammot ooour.

The only difference between the first problem, characterized by an impervious base and the omne
deelt with in this paper from a physioal point of view is, that the exocess water oontained in the voids
of the olay escapes vertiocally upwards in the first oase, while the flow takes place in both direotions,
namely vertically upwards and downwards in the seoond case, to be treated hereafter.

The problem may be oonsidered to be solved, if we are able to indioate the excess hydrostatio pres=
sure at any depth z and at any time t, in other words, if the isochronio ocurves for any time t are oom-
puted.

Fig. la shows that, generally, there are four phases to be distinguished, namely two phases (I and
II1) during the time of sedimentation fromt =0 to t =T, and two phases (III and IV) fromt =T to
t = ©°o

The exaot isoohronioc ourves for these phases may be replaced by simple parabolas having horizontal
axis, whioh, in many cases, has been proved to give satisfactory results. By this approaximation the
partial differential equation (1) is reduced to an ordinary differential equation between two variables,
as the general shape of the ourve is assumed to be known, so that only the relation between a parameter
of the special parabola and the time has to be determined.

The writer has shown elsewhere (3) that equation (1) may be replaced by the following:

dr
T=0° (tan K + ta.n/@) )
in whioh the symbols F, ! a.ndIB have the signifioance explained by Fige. 2 for the case of the exoess
water flowing vertioally up and dowmverds. The directions of the flow of the excess water at the points
1l end 2 are indioated by vertioal arrows.

I, II is the isoohronio curve (straight line) at t =0

1, 2 is the isoohronio ourve at t =t

1)} 2' is the isoohronic ourve at t =t + dt

I} II* is the isoohronio ourve at t = ==

F is the area I, II, 1, 2.

tan £ and tan B are the hydraulioc gradients at the points 1 and 2 respeotively.

Equation (2) represents the fundamentael means for determining the isoohronio ourves in each of the
four above-~mentioned phases,.

Phase I. During the inmberval 0 = t £ tI/II the thiokness By Ay in Fige la of the clay deposit is still
relatively small and therefore the esoape of the exoess water tales place quickly. The isochronio curve
I is represented by & parabola, which interseots the inelined straight line O A at Aj. The horizontal.
velocities of the points A1 and By in the diagrem are equal. The distanoe 0 B represents the inter-
granular pressure at the pervious base of the olay deposit and is equal to sg.v.t; 8¢ being the specifie
weight of the soil reduced by buoyanoy (effeotive weight). With ay by = p (intergranular pressure in
the middle of the deposit at the time t) the area F = 0 A1 By of the first phase may be written:

F=%se.h2+—p.h (3)

Both h and p are functions of t, therefore:

— — —-+ — 1 c———
dt 9h at p dt )
With h = v . t equation (4}) taekes the form:
daF _ 1 2 2 2 dp
—_—= - . t + - . + - ) t e T
w3 PevtsY = (5)

The hydraulio gradient tan/3 in this phase is equal to tan X , because of the equal horizomtal veloci=-
ties of Ay and Br.

— _ 2 [ 2h.s -P] _h
t&np = tano( = 2%_}1 o) =2 8¢ v_’p_t (6)

By substituting the values (5) and (6) into (2) the differential equation
dp 6 C ¢ S 1 P 12 o
& _5¢ 28 1, _.R[,
it vt 28 o V=% =< (7

is obtained.
N 12 ¢ .
Putting = @ the solution of (7) becomes:
vz . t
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p:%se.v.t{-l 3m[1+w.e“’.<§(w)}}+cl (8)

Hore, f (w) denotes the so-ocalled logarithmio integral
2 3
- @, w I ow?
@ (w) = 0577216 + Inw = Wt} , 57 T35 tzogr o (9)

whioh is tabulated in many mathematioal auxiliary works for a wide renge of the argument ¢J,

e is the basis of the Neperian logarithms. By equation (8) the isochronic ourves for phase I are
fixed for any value of W , that is of the time t,

The integration oonstant C; is determined by the boundary oondition, that for t = 0 (w = <) the
value of p must vanish (C; = 0),

The validity of (8) ceases as soon as the parabola is tangent to the inolined line O=-A; this is the

case for W = 3,4 = W ine This value, substituted into (8), delivers:
=0025 Be . hI/II (10)
At the corresponding moment & = 120 _ 3453 °—,, =tI/II' the first phase ends end the second phase
2 .wmin =
begins.
Phase II, (tI/lI 2t =T)

The isoohronic ourve II in Figs la is the lefthand boundery for the erea F = 0-A;y=Byp, the righte
hand boundaries being the inclined line O-Ayy and the horizontal 0-Bry. This phase is characterised by
the fact thet the horizontel velocity of the point Ay lags behind that of the point By in the pervious
base of the deposit. The isoohronic ourve during the period ty/ 1 < t < t17/777 oonsists of a parabola
A11 Byy and a straight line Ayy Dyy. Whilst the velocity of Byl is solely influenced by the speed v of
the sedimentation, the movement of A7y depends mainly on the consolidation process, taking place inside
the deposit having the height hyy = Dyy = By at the time t =ty7. As the distance 0=Byy equels sy o hypg
and hir = v o tyy = v « t, the area F may be written

F=%Seov.tof (11)

f represemnting the height of the point A1y of tangenoy above the sedimentation base 0-B,
In oonformity with equation (L) we may write:

E_:E_Ii +_a_£..d.£ (12)
dat t 3df dat
and obtain:
E=z (E+t .o 1
at 3 e Ve * % (13)

The hydrauliec gradients at A;; and By are tan K = 8y and tanﬁ = 2_8_0._'_3__'_2 - 8, respeotively.
Substituting these values imto the fundamentael equation (2), we obtain:

1 daf 20 48 v et
- ° . f+t ¢ = Q.2 = 1}-
3 Sg ¢ Voo dt) £ (1)

The solution of this differential equation leads to the relation:

f=lo.t -l I (15)
+£2

in whioh CII is an integration constant; it is determined by the boundary condition, that for t = tI,II =

12 o 12 o
—_—, f must equal v ., t =
! 1 I'II V o w

) nin min
Phase II ends at the moment, when the horizontal velocity of Byy has become zero, that is at the ernd
of the sedimentation period t = T. At this moment point D;; has just reached DII/III (A) and point AII

is &t AII/III'
Phase III. (Tzt =1y)

The treatment of this phase is quite analogous to that of phase II, only much simpler. Ve just mark
the different steps of the computation:
i Se H., T 3 .d'_F
3 dt

F= =}-se.H.-d£; tano(+tan/3-=M
3

dt I
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Differential equationi f. % =60 (16)

Solution: f=Y12ot +Coyp an

The oonstent Cyyy is determined by the oondition that equation (15) and (17) must show identical values
of £ for t = tII/III = T,

Phase IV. (T12 t € ©9)

The mathematical treatment of this phase is already kmown. (3) At the time t = Ty7 > T the iso-
ohronic ourve III/IV becomes tangent to the sloping line O-A, This is the begimning of phase IV. The
excess hydrostatic pressure at the starting moment in the middle of the olay deposit may be ocalled wpj.
From Fig. la and 1b is to be seen that ’

The isoohronio ourve during this phase is the paraebole IV, oharaoterized by the maximum value w of the
excess hydrostatio pressure in the middle of the deposit, whioh is given by the relation:

3T T)

L (19)
in which T and 7, are so=oaslled time faotors, determined by:
Lot Lot
T= = 20

The above computation may easily be adpated to the oase, where the coeffieient of oonsolidatiom o
varies with the thiokness of the deposit end, therefore, with the time. Ome method of taking into ao~
count the variability of ¢ would be to fix l; average values of o acoording to the four pheses., If this
is not suffieiemnt, one may subdivide each phase in two or more sub-pheses, ohareaoterized by special
average values of o = _X_ (1 +¢€),

8 . 8

Summg. In this paper a mathematioal treatment is outlined for the determination of the exoess~hy~
raulio pressures in mud and alay deposits, oaused by their own weight during and after the period of
gsedimentation,
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No. Z2-11 PRETEST SHORING OF RETAINING WALL
Harry T. Immermen, Chief Engineer, Spenoer, White, and Prentis, New York City

Improper design, together with failure to provide adequate facilities for drainage, resulted in the
buekling, oraoking, and leteral displacement of & retaining wall in Douglaston, L. I. The wall serves
to retain a bank 17 feet high; on the lower lovel, the wall is from 13 ft to 19 ft distent from a three
story apartment house; on the upper level, 11 ft from the top of the wall is another apartment, three
stories high. Failure of the wall would result in the oollapse of the building on the upper level and
endanger the rear of the building on the lower,

In addition to the oracks developed in it, the wall bulged approximately 12" in its length of 58 ft,
and moved laterally 6", This lateral movement resulted in the main wall pulling eway from the return;
the space resulting from this separation of the two portions of the wall was oarefully filled with oon-
orete before repeirs to the wall were started, as shown in Fig, 1. Ths lateral movement of the wall is
also evinced by the position of the oorner post of the wire fenoe surmounting the wall, as shown in this
figure.

The material on whioh ths wall was founded is a mixture of coarse sand and gravel; suoch materiel is
an exoellent foundation and acoounts for the fact that apparently no settlement of the wall ooocurred. A4s
shovm on the return wall in Fig, 1, weep=holes were provided at the time of oomstruotion. Unfortunately



