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the shearing te s t  was begun.
Displacements were comparatively la rg e , but curves were very smooth and no jumps ocourred (F ig. 7)» 

In the lig h t  of the theory previously mentioned, in  th is  oase two prooesses come about simultaneously: 
the equalization  of normal and tan gen tial stresses of in tern al f r ic t io n .

The a ctiv e  part of both stresses took place with tim e, and therefore the actual r e la t iv e  shearing 
stress (the ra tio  between aotive tan gential and normal stresses) was greater than in  the corresponding 
stage of the common te s t  (F ig. 1+). Henoe the displacements must be greater (F ig. 7 ),

On the other hand by the same reason the exoessive stresses are smaller oompared with the common 
t e s t ,  and no jump ooours.

Experiments w ith Quartz Powder. F ig . 8 show6 resu lts  of an experiment made w ith dry quartz powder.
The process is  accompanied by a successive series of jumps. The f i r s t  jump occurs at the r e la tiv e  
shearing stress equal to  0.250, the next ones with smaller in te rv a ls . This fa o t is  a re su lt  of the 
conservativeness of the sand stru ctu re , owing to which the disoharge of exoessive stresses must be ac­
complished c h ie fly  in jumps, but not in  smooth displacements.

F ig . 9 shows the re su lt  of a range of experiments with fin e  s i l t y  sand. Rather consistent s tress- 
stra in  curves were obtained, proving the above statement.

F in a lly , F ig . 10 i l lu s tr a te s  re su lts  of an experiment with dry quartz powder, the shear beginning 
iiranediately a fte r  the v e r t ic a l load was put on. In sp ite  of jumps, which are a lso  presented here, the 
curve ha3 smoother appearance. As before, deformations are greater, oompared to  the case, when consoli­
dation was fin ish ed  before the shear began.

Experiments with Clay. F in a lly  a series of experiments w ith clays was made. The m aterial represents 
ty p ic a l varved c lay  (Bänderton), a sort of f lu v io -g la c ia l s o i l .  In undisturbed sta te  i t  consists of 
th in  sandy and clayey la y e rs . Atterberg lim its  of the s o il  are: lower liq u id  lim it 30.7# and the 
p la s t ic ity  index 11 .0 .

F ig . 2 represents a re su lt of the te s t  w ith remoulded varved c la y . The oharacter of s tre s s -s tra in  
curve is  e a s ily  understood in  the lig h t  of the aforementioned. A jumplike re-organisation  of structure 
ocourred in  the in terv a l of stress k = O.325 -  0.350« The remaining parts of the diagram are very 
smooth. Note, that the se lf-o rie n ta tio n  did not take p lace, beoause of the presenoe of sandy p a r t ic le s , 
which prevented the fr e e  movement of the s c a le - lik e  clay  p a rtic le s  in  the remoulded s o il  mass.

This t e s t  was performed with unloading a fte r  the shearing stra in  reached k =0.55 (Fig* 2 ).
Both curves of unloading and repeated loading are quite symmetrical. The dotted lin e  (F ig. 11+) shows 
the unloading ourve turned upside down.

The coincidence is  extremely good ( 1 - 2  )•
The time-displacement curves fo r  suooessive increments of the shearing stresses are shown in  

F ig . 2 (0) to  ( f ) .  Note, that the shape of these curves fo r  the process of the jump (increment 
k = O.325 = 0. 350, section  op) is  quite d iffe re n t compared w ith the other time-displacement curves of 
the same s e r ie s . This a tte s ts  the d ifferen ce of the nature of the two prooesses.

No. D-9 THE INFLUENCE OF THE SPEED OF LOADING INCREMENT
ON THE PRESSURE VOID RATIO DIAGRAM OF UNDISTURBED SOIL SAMPLES 

Karl Langer, Consulting Engineer, Chief of the Laboratoire du Sol e t des Fondations, Paris

Clays and slimes have a very large importance in  foundation engineering, being frequently  the 
cause of settlem ents of bu ild in gs, due to th e ir  large com p ressib ility. The f in a l  settlem ent of build­
ings founded on these s o ils  is  not reaohed before a long delay, beoause of th e ir  fe eb le  perm eability.

Following the up t i l l  present settlem ent observations on already executed bu ild in gs, there waa a 
very good agreement between the calculated  and observed settlem ents, fo r  the buildings founded on 
medium s o ft  or s o ft  clay  and slim e.

But i t  was often shown, that the oaloulated settlem ents were too large fo r  the foundations made on 
mighty deposits of s t i f f  f a t  d a y ,  w hile fo r  the ones made on weak beds, or beds separated by sand 
lenses the d ifferen ces were le ss  important«

The reason of th is  observation was experimentally found to  be due in  a large part to  the way the 
loading was increased in  the compression apparatus.

Long experiments were made on a s t i f f ,  l i t t l e  permeable, d a y  and some on medium s t i f f  c lay  and 
slim e, in  such a way as to bring the charge very slowly on the d iffe re n t samples.

The differences in  the pressure void ra tio  diagrams between the standard and slow pressure in ­
crement, were very small fo r  the so ft  d a y  and slim e, fo r  the slime there was nearly no d ifferen ce at 
a l l .  But opposite to these there was rather large d ifferen ce fo r  the compression curves of the s t i f f  
Paris region c la y .

A ll  the compression te s ts  were executed in  the compression apparatus designed by P rof. Terzaghi, 
which is  based on the follow ing p rin cip le: the sample is  placed between two porous stones in  a cy lin ­
d r ic a l t o d ,  and la te r a l extension is  not allowed. Depending on the pressure the sample can give up or 
absorb water. We w i l l  not go further into the theory of the compression t e s t ,  but we give the b ib lio ­
graphy of the question a t the end.

The removing of the undisturbed sample was made w ith the to o l used by the Paris S o il and Foundation 
Laboratory. I t  consists of two cylinders: one out and one in sid e . The inside oylinder is  out in  two
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follow ing two generants in  two h a lf-  
oylinders. Inside the second cylinder is  a 
thin-w alled t in  oan, a lso  cut in  two along 
i t s  generatrices, whioh takes up the sample.

The sampling apparatus is  fix e d  on the 
d r i l l  rod and pressed by means of a hydraulic 
press in  the d r i l l  hole ground. As soon as 
the sample is  in  the apparatus i t  is  sheared 
o ff  by turning the d r i l l  and the apparatus 
around 180°. The.inside cylinder is  brought 
out; the t in  containing the sample has i t s  
two ends covered and is  transported to  the 
laboratory#

The s t i f f  c la y  used fo r  the experiments, 
» belongs to  the formation of the "a r g ile

plastique de la  region Parisienne", and was 
removed from a lij. m deep d r i l l  h ole . I t  is  
a s t i f f  l i t t l e  permeable c la y , lead gray to 
gray-blue, remarkable fo r  i t s  homogeneity.
I t  can be considered as isotropio as i t  gives 
the same physico-meohanical properties in

two direotions normal to  each other.
I ts  consolidation pressure must have been of about 25 kg/om^j conoluding from the geological con­

ditions the higher pressure must be due to i t s  drying out.
The most important s o il  physical numbers ares

O riginal water content........................................3
S p ecific  g ra v ity .....................................................2.67
Liquid lim it .............................................................92%
P la stic  l im it ..  ......................................................Pi po
Compressive strength.............................................1* kg/om ( l)
Angle of internal f r ic t io n .................................l 6°30' (2)
Cohesion.....................................................................  1.1; kg/cm^

(1) The break always appears as a shearing fractu re , with w e ll expressed slid in g  planes. A good 
agreement was always observed between the angle of internal fr ic t io n  and the angle on the glid in g  plane. 
See photograph.

(2) Determined in  the shearing apparatus of Casagrande. The increment in  the shearing force  was 
every 2 minutes of one hundredth of the v e rt io a l charge.

One more sp ecifio  property of the "a rg ile  p lastiqu e", as w ell as of a l l  the clays of the Paris 
region, is  i t s  extraordinary sw elling property, as soon as i t  is  fre e  of i t s  external pressure, and i f  
there is  any p o s s ib ility  of taking water out of i t s  immediate neighbourhood. To determine the sw elling 
property of the o lay, an undisturbed sample was brought into the apparatus, while the weight of the 
piston was balanoed out by a speoial d isposition , so that there was no external pressure on the sample. 
(See F ig . 2 ). The void ra tio  of the undisturbed clay  was 0.8i+6, at the end of the swelling i t  had 
grown to  1.280, whioh is  an inorease of 51%•

The sw elling curve of the "a rg ile  plastique" is  given on F ig . 3» expressed in  per cent of the 
whole sw ellin g. Abscissa represent minuteB. Three French d a y s  ch a ra cteristics  are shown on the 
fig u re: curves I and II  correspond to  samples of the Sparnatian olay formation, one removed from 
Paris immediate surroundings (ourve I ) ,  the other from S t. Brice near Provins (ourve I I ) .  Curve III  
corresponds to a reoent d a y  formation, from the Loire estuary, removed near S t. Nazaire.

Typioal is  the turnpoint of the sw elling curve of the Paris region d a y s , which has been noted 
every time.

F ig . 5 shows the same undisturbed samples of "a rg ile  p lastiqu e", submitted to four times repeated 
compression t e s t ,  without any loss by the m aterial of i t s  o rig in al e la s t ic  properties. At the s ta rt 
of every run and at the end of i t ,  the d a y  sample was entoharged as shown on F ig . 2. The correspond­
ing swelling points are pointed out on the void ra tio  diagram and numbered from 0 to I*. The te s ts  are 
carried up to  6.5 kg/om^ and at the end of every te s t  a l i t t l e  diminution of the sw elling property 
was observed. I t  is  in terestin g  to  note that the endpoints of the compression diagrams f a l l  on the 
same point.

I t  was now in terestin g  to inquire i f  the speed of loading increment, would have any influence on 
the pressure void ra tio  diagram, as w ell as on the d ireot determination of the perm eability of the o lay.

As we have already pointed out, th is  olay having an extraordinary sw elling property, to  avoid 
premature sw elling and changes in  structure, the te s ts  were oarried out to  overlook the sample in  the 
apparatus, and to load in  such a way as to  prevent sw elling tendenoy, without oompressing the sample.

Four compression te s ts  were made. Daring every te s t  the loading increment speed was d iffe re n t.
Test I was made as the standard t e s t ,  that means the charge was loaded on stepwise, and so as to 
double every loading to the preceding.
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During te s t  I I  the loading was increased 200 gr/om  ̂ d a ily
tt I I  I I I  I I  tt ft It y Q  u n

n n j y n n  n n ^  " •*

Fig« 6 shows the speed of loadings fo r  the four te s ts ,  absoissas representing time in  weeks, the 
ordinates giving the loadings in  kg/om  ̂ and the void ratio#

Fi-S* 7 gives the pressure void r a tio  diagram, obtained and in  p articu lar curve I the standard 
t e s t ,  ourves I I ,  I I I ,  IV, the te s ts  where loadings were delayed#

The differen ces are notable between the d iffe re n t compression ourves, and the curves get f la t t e r  
and f la t t e r  w hile the loading was slower on the sample#

Th,e Table below gives an overlook over the oom pressibility fa c to r s , deduced from the d iffe re n t 
ourves: a =

Test B° Loading = 2 
kg/ cm?

Loading — 3 
kg/om?

Loading = 5 
kg/om?

Loading = 6 
kg/om?

I 3.12 # lO" 5 2.58 # 10-5 2.20 .  10"5 2.12 .  10"5

II 3.00 # io"5 2 .I4J4 # 10"5 1.96 . 10“ 5 l,7h • 10"5

III 2.58 # io “ 5 1.96 . 10“ 5 1.58 . io “ 5 1.142 . 10“ 5

IV 2. 5U . 10~5 1.50 # 10" 5 1.50 . io“ 5 1.26 . io"5

The same tab le  ca rries the d ire o tly  obtained perm eability observations, belonging to  the pressure void 
ra tio  diagrams# As w ell as the compression ourves, the perm eability shows w ith equal pressure but d if­
feren t loading speeds, notable differences#

The matter of these differences has probably two reasons. During the standard te s t  and stepwise 
loading, shooks w hile loading are unavoidable, even i f  great care is  taken; opposite to  i t ,  there 
o erta in ly  are no shooks in  loading with small weights a t a time, with the oontinual loading method#

The second reason could be due to the c lay  i t s e l f .  Following to  a very general consideration, 
d a y  is  composed of a lam ellar structure in  which separate p a r t id e s  are t ie d  together by a co llo id a l 
mass. A l l  the pores are f i l l e d  w ith w ater. The so lid  as w e ll as the liq u id  part being but s lig h t ly  
oompressible, the compression of d a y  can only be due to the squeezing out of water« I f  the loading 
inoreases slow ly and without shocks, the c o llo id a l mass can support changes in  form as i t  oan support 
a tra ctio n  fo ro e , without loosing oontact between the separate p a r t id e s  and without pushing one over 
the others« I f  now the pressure suddenly inoreases, the whole pressure w i l l  be supported by the in ter- 
porous o a p illa ry  w ater, whioh oan not escape immediately because of the feeb le  perm eability, and 
in tern al ruptures occurs in  the o o llo id a l mass, as the overpressure is  a t  the moment higher than the 
tra ctio n  resistanoe#

A statement of the rupture of the o o llo id a l struoture is  found on the examination of the d iffe re n t 
sw elling ourves, of the te s ts  made# The sw elling of the olay a fte r  the standard te s t  diagram I ,  is  
muoh smaller than the sw elling of the samples which were slow ly loaded# The ends of the te s ts  I— IV 
are s p e c ia lly  pointed out, the discharge was brought down to  the own weight of the piston , down to 
about 50 gr/cm?#

2# Clay from S t. Nazalre. This olay is  a medium s t i f f  m aterial, gray-green. Its  grain  s ize  d istrib u ­
tio n  is  represented on F ig . 8} the amount of c o llo id a l p a r t id e s  is  very low. The sample was removed 
from a 6 m strong bed, and about 11 m depth.
The most important s o il  physical numbers are:

O riginal water content.....................................b5%
Specifio  g ra v ity ................................................. 2.69
Liquid lim it ........................................................67$

P la stic  lim it .« ........................................28/2
Angle of in tern al f r ic t io n .................... . . . . 1 9 °
C o h e s io n ...... . ............... .................................... 0.200 kg/om^

Two compression te s ts  were made: te s t  I as standard t e s t ,  t e s t  II  with continuous pressure inorement, 
about 60 gr/cm d a ily .

The obtained pressure void ra tio  ourves show but l i t t l e  d ifferen ce. The d ifferen ce between the 
d irec t perm eability under equal pressure is  nearly n e g lig ib le .

This agreement must be due to the fa c t  that l i t t l e  tra ctio n  resistan ce of the oolloids and rupture 
by overpressure is  provoked in  any case, as w e ll with rapid as with slow loading increment«

5« Slime from Rouen. As a th ird  example an undisturbed sample of slim e, was examined, removed from the 
Seine v a lle y  near Rouen. The sample was removed from a d r i l l  hole about 10 m deep#

The o rig in a l water content was of 121$. This slime is  a very recent sediment and has a very high 
oom pressib ility. I ts  grain s ize  d istrib u tio n  is  represented on F ig . 8. Compression curve I  represents 
the standard t e s t ,  ourve I I  was obtained from a slow going te s t  w ith pressure augmentation of about
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6 o  gr/om d a ily . F ig . 10 shows the pressure void ra tio  diagrams obtained, the differences are nearly 
n e g lig ib le .

I t  has been proved that the tra ctio n  resistan ce in the co llo id a l mass of a slime is  so l i t t l e ,  
that rupture occurs in  any ease of pressure inorement.

On these three d iffe re n t s o i ls ,  which are t o t a l ly  unlike in  structure and consistency, the d i f ­
ference is  shown, which the various manners of pressure increment, can have on the pressure void ra tio  
diagram, of undisturbed s o il  samples. I t  seems to prove that the influence is  larger as s t i f f e r  and 
less  permeable the s o il  sample i s .  The difference in the compression diagrams of so ft  s o ils  is  much 
smaller and is  not anymore notable fo r  the slime samples.

So i t  would be required to  fin d  the law, fo r  the s t i f f  undisturbed samples, which ex ists  between 
the loading increment speed and the differences in  the void ra tio  diagrams, or to  put a new method of 
research fo r  th is  kind of s o ils .

I t  would be very desirable to  have perfect settlem ent observations fo r  the buildings founded on 
s t i f f  clay6, and to  get in  th is  way a correlation  between t e s t ,  theory and p rao tice.

Further laboratory in vestig atio n s, w i l l  be necessary concerning the influence of w a ll f r ic t io n  in  
the compression apparatus, on the void ra tio  diagrams, by te s ts  with d iffe re n t sample diameter and 
sample thiokness.
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