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upwards but the ocorresponding benoh marks settled about two inches whioh should increase the total
settlement of Pier 25 from twenty-two inches to twenty-four inohes. Theory B is unable, however, to
explain why piers 2N end 3N tipped north.

7+ Conolusions. The behavior of Pier 25 during the first thirteen years of its existénoe suggests
that the saturated fine send mass elther was in prooess of consolidation like clay or more probebly
moved plastically (Fig. 7), for saturated fine sand masses apparently maey beheve as plastio bodies,
Actually, plastic flow may be visualized as a slow movement under the action of an unbalanced shear
stress. The slow movement element is undoubtedly present in similar oeses and the existence of a
shearing stress may be proven by the faot that a movement of this kind mey be stopped by inoreesing
the shearing resistance of the mess. Dr. Ing. Otto Mast reports a similar cage in Germany where the
movement of fine seand rummning from underneath a bridge pier was discontinued by applying the Joosten
consolidation prooess. ("Der Bauingenieur," vol. 15, No.33/3L (August 17, 193l). Obviously the
latter prooess inoreagses the shearing resistance and not the resistance to compression of the material
since a saturated fine sand mess is itself inoompressible,

In studying this cease, a number of questions arose whioh have remained unanswered, Some of them
aret (a) How is the friotion resistence distributed slong the length of a so-celled "friction pile";
(b) is the stress at the tip of a loaded pile a pressure or a shearing stress, or combination of both;
(¢) how is the load distributed between the soil surface, S, and the piles, P, driven in it (Fig. 5)1?

No. F=7 RESULTS OF LONG DURATION SETTLEMENT TESTS
Prof. ir. A. S, Koeverling Buisman, Professor of Meohanios
at the Technioal University, Delft

Introductory remarks., The existing settlement theory supposes that compressible soils demonstrate a
definite degree of compressibility so that an inorease of loading, after some time has elapsed, simply
results in a definite deorease of the porevolume, to an emount, depending upon the properties of the

goil and the megnitude of the applied load inorement, Lf, for some soilsample, it lasted some days

or oven a week and more before final consolidation resulting from the new loading was atteined, this
oircumstanoce had to be desoribed to a very small degree of permeability and not to seoular effeots.
Recent American publications elready mention the observation of a "secondary" time effeot and for this
reason we supposed, that the results of long=-duration tests, performed in the laboratory of soil mech-
anios of Delft, might be of interest for the purpose of this conference, as it seems that seoular effeots
ocannot be negleoted in theoretioal and praotioal treatment of the settlement problem,

Observation of settlements, In oonsequence of the study of time-settlement diagrams of both struotures
and laboratory samples, if plotted on a semi-logarithmio scaele, it appears, that these disgrams may be
represented approximately by a vertioal line symbolizing the direot compression effeot C( suoceeded
by a reotilinear slope representing a seoular effect K gs 80 that

zZ, = Ap + s /Eu;, t
(1)

if only the moment of application of the load is taken as time 1.

2y settlement per unit of thiokness of layer or seample dependent from relative thiockmess thereof,

t time of observation of settlement in minutes.

dP settlement for 1 kg/om representing the direot effeot and

oly settlement for 1 kg/om2 reopresenting the seoular effeot of loading for time interveals 1-10,

"~ 10-100 eto,

For these intervels z; inoreases with equel emounts Xz end of ocourse the value of 0‘, will depend upon
the unit of time we use,
If instead of 1al0, 10=100 minute periods we prefer to use 1 = m, m=10m, 10m = 1l0Om, minute periods,
and indiocate the ends of these periods as T, 10 T eto, we must put t =m,T, so that

ZT = dp *+ ds . /oglo /777- = d‘, * 0(5/09"”7 t ds/oglo 7 @)

If we start the diegram at T = 1, situated upon a part of the diagram that is really reotilinear, we
oan put

= o(Ja"ﬁ“’T oL
p T s % PI (3
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go that

z = o, + A log, T L)

Log,, m values for different periods of time are given in Table I,
Simplified diagrams oonform these formules are represented in Figures 1 and 2,

TABLE I

Period from moment of Logj om.
loading until:

10 minutes 1.00
1 day 16
1 week «00

22 months 5.03
1 year 5e72
1 eentury 7.72

10 ocenturies 8.72

For the sake of simple representation we supposed in this paper that a proportionality of loadings
and resulting effeots would exist; might this not appear to be sufficiently exaot in a given case,
so oan ocorreot values for a planned loading be easily determined, Conform to our supposition log
t=s lines all interseot the zy = O aexis in the same point O, as it is indioated in Fig. 2.

Loads not applied at the same time, but with a oertein time intervael between them would, if
further e superposition that takes into aocoount the different timescale might prove to be justified,
cause log t-s diagrams as represented in Fig, 2, The respeotive diagrams would then heve asymptotes,
intersecting in the same point 0, elready mentioned above,

Verifiocation of hypothetical diagrams by Laboratory tests. In Figures 3, L, 5 results of laboratory
tests of short and long duration on peat and clay semples, teken at random, are plotted on e semi=-
logarithmio soale. The experimentation took place before the reotilinear diagrem was thought of,
otherwise some of the loads in the long duration experimentation would surely have been applied at a
later time, Fortunately it eppeared feasible to find the asymptotes with the help of smaller time
gsoales, as it is represented on some of the figures.
These tests, one of which lasted for 500 days, seem to justify the following tentative conclusions:
1., The semi-logarithmic diagremsd, with an exoeption for the vicinity of the loading point, are
reotilinear as long as observations were oontinued,
2, Observed peat samples of 2 om of thiokness prooure reotilinear diagrams about 1 minute or a
few minutes after loading (Fig. 5a) and clay semples about 1 day after loading (Fig. 5b).
%, Diegram slopes ( o{  values) are epproximately proportional to the loads epplied, with per=-
haps some tendency %Odward deoreasing inorements of slope for equal inorements of load,
L. Superposition of loads, suocessively epplied, results in superposltlon of log t - s diegreams;
the same oan be said with respeot to the direot load effeots of whioch o( values are given.
5. Higher temperature ocauses increasing slope of the diegrams,

Comparison of field and laboratory diegrams. Fig. 6 end 7 give log t=s lines for a road embankment as
Jescribed in the paper of ir. Royer end for e levee as desoribed -in the paper of ir. v, d. Burgt, 4
comparison between laboratory and field results taking into acoount the thiokmess of the deposits will
be made, It is remarkeble, that for the road embankment, that has been observed with grsat oare during
two years the log te-s. diegram appeers to be stralght elready at the termination of the process of load-

ing.

Conolusive remerks, If our tentative oconolusions in future might find confirmation, this would signify,
Thet our usual oconception of ocompressibility, ecocording to which a consolidation test was continued
until e ocertain small velocity of settlement had been attained, was composed of & mixture of direot
load effeots and seoular time effeots, the last one being represented therein to an emount, depending
upon the procedure of testing,.

Also in theoretiocel treatment of the settlement problem it then should have to be taken into
acoount, that in every soil element whereupon & new imposed load begins to exert its influense not
only the direot load effeot, but also & seoular time offect begins to develop itself and should be
teken into aoccount, Perhaps in some oases also & certain degree of non-homogenity as to permeability
should be taken into consideration, This would still more ocomplioate the methematioal treatment of
the settlement problem, that already at present is rather intrioate,

It seems of interest to determine in future experimentation CXP and o{ g values of deposits and
of samples of standard thiolmess (2 om) and to find the laws to whioh these quentities obey, espeoially
whether o4 in the reality appears to remain a constant or eventually for how long e time it does so,
Tests for praotioal purposes then should be performed at average soil temperature,
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The problems here discussed might be of interest not only in soil mechanics but also from a geo-
logioal point of view as to ege, load and density of deposits.,

Acknowledgements. The author wishes to express his thanks to the managing direotor of the Laboratory
of Soil Meohanios, Delft, The Netherlands, ir. T. K, Huizinga end its staff, for assistance in many
respeots and to ir. N. Namninge for his help and valuable remarks,

No. F-8 MEASURING GROUNDWATER PRESSURES IN A LAYER OF PEAT, CAUSED BY AR IMPOSED LOAD
ire Jo Co N, Ringeling, Engineer of the "RJkswaterstaat™ direotion "Wegenverbetering"

Nature of the soil., The soil under the projeoted road Sneek-Joure oonsists of & very compressive peat
layer thick 2 - 3 m, under which sand-layers of suffiocient thiokness and bearing osapecity were found,

Here the question arose if it was possible to construot a road embankment on the existing under-
ground, regarding the possible settlements, in order to construot a oonorete road immediately eafter
finishing the embankment without further expensive upkeep costs.

Also should be investigated:
1. how fast the compressive peat layers will settle under the applied sand-load,
2. when the oonsolidations will be oomplete,

As the gtability of the tremway-embankment next to the projeoted road should be assured, it was
deoided to make an experimental road seotion, in order to obtain the necessary datea.

Short desoription of-the experimental road section., The physioal characteristics of the subsoil of the
ohosen plot can be considered essential for the whole projeoted road., Data of borings taken at that
place, as well as the dimensions of the construoted experimental seoction are givem in Fig. 1.

This experimentel roed seotion was divided into L sections in order to obtain as many results as
possible,
10, Seotion A long 10 m, with a sand-load until 0.20+ =common top-height of the projected road.
20, Seotion B, long 15 m, with & sand-load to 1,20+,
30, Section C, long 25 m, with a sand-load to 1.95+.
Lo, Section D, long 55 m, with a send-load to 2,70+ , with regard to the ramps to be constructed.
5%, Section E, load of the berm next seotion D, at the height of section B,

Apparatus for measuring settlements. In order to get am idea of the expeoted settlements, displacements,
eto. height~control-pegs were pleoced at the bottom of the new digged ditoh and at the place of the pro-
jeoted sand~embankment on soil surface and on the separation between the mould and the peat layer.
Pegs were also put up for oontrolling the laterel displacements as given in Fig. l.
Before the beginning and during the sand-tippings the height of these pegs were exactly observed.
The results of the found settlements ere given in Fig, 2, To thlis the following explioations ought
to be given: The horizontal axis is the time-exis, 1 em =1 week. The height of the sand-tippings are
plotted vertically above the horizontal axis, the measured settlements under the horizontal axis.
Horizontel displacements have not been observed,

Comparison between the computed settlements and the data of investigated undisturbed soil semples. Eight
undisturbed soil samples have been tested in the consolidation apparatus of the Laboratory of Soil Mech~
anios.

For two peat-samples values for the coefficient of ocompressibility C of respectively L.6 and 3,9
have been found, while for the top layers consisting of mould and oley, & oconsolidation coefficient of
10 was found, With the aid of these coeffioients the expected settlement under several loads has been
computed. (Fig. 3).

The relation between loads and oomputed settlements were plotted in Fig. L, while the sand heights
belonging to these loads have been plotted aebove the settlements, so that immediately oan be seen,
which settlement can be expeoted if a certein height of sand is applieds The expected end-settlements
in the experimental road seotion are also plotted in Fig. L.

It appears that the settlements of the experimentel road section do not agree with the computed
settlements, they are lower by lower loads and greater by higher loads then the computed ones.

Even appears that the settlements of the experimental seotion rather well agree with settlements
oomputed with the premige, that the peat follows the law of Hooke (E =0.8 kg/omg).

Mothod for measuring weter pressures., In loaded soils with a little water-permeability the applied
Toads will be first supported for the greater part by the water and when the pression in the water
deoreases by the materiel itself, The water, which gradually comes under higher pressures as load in-
oreases, oauses & gradient at the side of the oross-section, These higher water pressures will also
be one of the ocauses of laterel displacements., In order to get ean idea of the ocourse of the water
pressures after loading and in order to test this theory to the practice, these water pressures were
measured, A design of the used measuring-apparatus gives Fig. 5.

The water pressures were measured with the aid of wells, which were placed in the peat layer,
The place of the wells in the orosa-seotion is given in Fig., 5. The pressure of the water in the wells
wes measured with merocury-geuges attached at the wells.




