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A Study of the One-Dimensional Consolidation Test

Une étude sur l ’essai de consolidation uni-dimensionnel

b y  G . A . L e o n a r d s  

and
P. G i r a u l t  P rofesso r o f  Soil M echanics and  R esearch  A ssistan t, respectively, P urdue U niversity , Lafayette , Ind iana

Summary

The influence of load increment ratio, nature of pore fluid, and 
side friction on the results obtained from one-dimensional conso- 
sidation tests was studied with the aid of pore pressure measu­
rements.

Conclusions are drawn regarding (a) the nature of secondary 
compressions and the principal factors that control the rate at 
which they occur, (b) apparatus requirements necessary to sub­
stantially eliminate side-friction effects, and (c) the test conditions 
for which the T e r z a g h i  theory can reliably predict the rate of 
pore pressure dissipation.

Sommaire

A l’aide de mesures de pressions d’eau interstitielle, on étudie 
l’influence du rapport de l’augmentation de charge, de la nature 
du fluide interstitiel et du frottem ent latéral sur les résultats obte­
nus dans des essais de consolidation uni-dimensionnels.

Des résultats obtenus, on tire des conclusions concernant :
a) la nature des compressions secondaires et les facteurs princi­
paux qui règlent la vitesse avec laquelle elles se produisent,
b) les appareils nécessaires pour éliminer essentiellement les effets 
du frottem ent latéral, et c) les conditions d’essai pour lesquelles 
la théorie de T e r z a g h i  est susceptible de prévoir avec assurance 
la vitesse de dissipation de la pression interstitielle.

Introduction

O ne-dim ensional conso lidation  tests are  w idely used for 
the m easurem ent o f  soil param eters (mv and  cv) in th e  Ter- 
zahgi theo ry  o f consolidation . O n the basis o f earlier studies 
(for exam ple, T a y l o r , 1942, and  V a n  Z e l s t , 1948), certain  
procedures fo r conducting  the test have been generally  
a c c e p te d ; these involve th e  use o f sam ples a t least 3/4" 
high and  2" in  diam eter, a load  increm ent ra tio  equal to  one, 
and an  increm ent d u ra tion  o f one day . A lthough  aberra tions 
from  the T erzaghi theo ry  w ere recognized a t an  early  date 
(cf. G r a y , 1936) —  th e ir causes are  p oo rly  u n d e rs to o d ; 
n o r have the deviations due to  test p rocedures been clearly  
delineated. A  study  to  this end is reported  herein.

Tests w ere perform ed in consolidom eter rings 4-7/16" 
in d iam eter (100 sq. cm .) w ith heights vary ing  from  3/4" 
to  1 . The influence o f load increm ent ra tio , n a tu re  o f the 
pore fluid, and  side friction  were studied w ith the aid o f pore 
pressure m easurem ents. Teflon-lined consolidom eters were 
used in an  effort to  m inim ize the effects o f side friction. To 
assist in delineating the phenom ena involved, it was desired 
to  investigate cases in w hich aberra tions from  the Terzazhi 
theo ry  are  large. A ccordingly, m ost o f the tests were conducted  
on  und istu rbed  sam ples o f  M exico C ity  clay.

Load increment ratio

T he effect o f load  increm ent ra tio  on com pressibility , p a r­
ticularly  its influence on the in te rp re ta tion  o f the effective 
in-situ  p reconso lida tion  pressure, has been reported  elsewhere 
( L e o n a r d s  and  R a m i a h , 1959). It was concluded th a t a 
norm ally  conso lidated  clay  could sustain  a sm all bu t definite 
(and im portan t) pressure increm ent before volum e changes 
w ould begin to  o c c u r ; m oreover, it was found  th a t this 
“ quasi-preconso lidation  pressure” could  be closely ap p ro x i­
m ated by  testing und istu rbed  sam ples o f high quality  using 
reduced load increm ent ra tio s •— a practice  th a t is p revalen t 
in testing M exico C ity  clays (Z e e v a e r t , 1957). This pheno­
m enon is o f p ractical im portance in the case o f highly com ­

pressible clays and  fo r deep deposits o f all “ norm ally  consoli­
da ted ” clays.

F igure 1 illustrates the effects o f load  increm ent ra tio  on 
the tim e-rate o f consolidation . F o r large load  increm ent 
ratios, a  dial reading-log tim e curve is ob tained  which, with 
excep tion  o f secondary  com pressions, is characterized by 
the T erzaghi theo ry  (type I curve). F o r  sm all load increm ent 
ra tios, a type I I I  curve is ob ta ined , while fo r in term ediate  load  
increm ent ra tio s  a  tran sition  curve (type II) is ob tained . T ype 
I I  and  type  I I I  curves are also characteristic  o f the load  incre­
m ent th a t straddles the effective preconso lida tion  pressure. 
These curve shapes have previously  been delineated by M a r s a l , 

et al (1950). T he w riters are  o f the opinion th a t they  represent 
a general phenom enon, as they  w ere found  to  develop also 
in  such w idely different soil types as glacial till and  lim estone 
residual clay. T he heavy  dots on the curves in Fig. 1 show 
the (typical) tim es a t w hich the m easured pore  pressures have 
substan tia lly  dissipated. I t  was found  th a t when a type  I 
curve develops, the C asagrande construction  delineates the
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Fig. 1 Effect of load increment ratio on shape of dial reading­
time curves. Undisturbed Mexico City clay.

Effet du rapport de l’augmentation de charge sur la 
forme des courbes de lecture du cadran en fonction 
du temps. Argile non remaniée de Mexico.
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dial reading corresponding to 100 per cent primary consolida­
tion to a good approximation, even when secondary com­

pressions are large.
Fig. 2 shows a plot of the secondary compression per cycle 

on the log time scale (R s), per unit of pressure increment 
(A  p ), per unit height of sample (H ) vs. the total effective 
pressure at the end of the increment (p t) for values of p t in 
excess of the preconsolidation pressure. As load increment 
ratio was varied for another purpose, the curves are incom­

plete ; however, it is seen that (for example) at a total pressure

i
o

Fig. 2 Effect of total pressure on the time-rate o f secondary 
compression. Undisturbed Mexico City clay.

Effet de pression totale sur la vitesse de la compression 
secondaire. Argile non remaniée de Mexico.

of 2-7 kg/cm2, R j A p .  H  increases six-folds as the load incre­

ment ratio is reduced from 1-0 to 0-065. Table 1 shows a typical 
set of test results for values of p t below the preconsolidation 
pressure. If the load increment ratio in-situ varies with depth, 
the use of a constant value of Rj A p - H  (as determined by 
any particular test procedure) can lead to substantial discre­

pancies in the predicted settlement rate.

Table 1

Effect of Load Increment Ratio 
on R ate of Secondary Compression

Pt
kg/cm2

A p i?s XlO- 4 cm2

P * A p  H  kg

0-2 1-00 33
0-3 0-50 45
0-4 0-33 47
0-5 0-25 192
0-6 0-20 348
0-7 0-Î67 532

0-8 Preconsolidation Pressure

*  / ? = e f f e c t i v e  p r e s s ,  a t  b e g i n n i n g  o f  i n c r e m e n t  A  p .
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The influence of total pressure and sample height on the 
rate of secondary compression can be eliminated by plotting 
the ratio of R s to i?100(the amount of “primary” consolidation 
during the increment) vs. the load increment ratio Ap/ p, 

as shown in Fig. 3. The numbers adjacent to the points are 
the total effective pressures p t ; the solid point corresponds 
to p t «a p c, the preconsolidation pressure. The reasons why 
three typical shapes of dial reading vs. time curves are obtai­

ned is evident. The phenomena shown in Fig. 1 to 3 are 
viewed as a deterrent to the possibility of representing the 
consolidation process by Theological models, as suggested 
by T a n  (1957).

I n i t i a l

Ra t io  A p / p

Fig. 3 Effect of load increment ratio  on rate of secondary 
compression. Undisturbed Mexico City clay. (Num­
bers opposite points are total pressures).

Effet du rapport de l’augmentation de charge sur la 
vitesse de la compression secondaire. (Les chiffres 
en face des points représentent les pressions totales). 
Argile non remaniée de Mexico.

Nature of pore fluid

The pore water in undisturbed samples of Mexico City 
clay was replaced with carbon tetrachloride (C C y  by success­

ively circulating alcohol, acetone, and CC14 through the 
sample until tests showed the effluent to be pure. A comparison 
of pertinent properties of these liquids is shown in Table 2. 
Water of the same ionic concentration as the pore water was 
circulated through companion samples under the same head.

Table 2

Comparison of Certain Properties 
of Pore Fluids Used

Liquid
Dielectric
Constant

Dipole
Moment
Debyes

Water 80-4 1-85
Ethyl Alcohol 24-3 1-70
Acetone 21-4 2-70
Carbon tetra­

chloride 2-2 0

Undisturbed samples of Mexico clay were obtained by 
handcutting 7" x  7" X 12" block samples from open excava­

tions at depths of 6-4 and 7-5 meters. The samples tested 
varied considerably (Table 3), and the comparative test results



reported  herein  w ere selected from  sam ples having 
substan tia lly  th e  sam e in itial conditions.

T a b l e  3 

V a r i a t i o n s  Be t w e e n  Sa m p le s  

o f  U n d i s t u r b e d  M e x i c o  C i t y  C l a y

Property
Range 

o f Values

L i q u i d  l i m i t 2 7 5 - 4 4 0

P l a s t i c  l im i t 1 0 0 - 1 5 0

P l a s t i c i t y  in d e x 1 7 5 - 2 9 0

N a t u r a l  w a t e r  c o n t e n t -

°/ 2 5 0 - 4 1 0

Sp e c i f i c  g r a v i t y  o f  s o ­

l i d s 2- 4

C l a y  f r a c t i o n  ( <  2  ¡x )-

% 3 5 - 5 0

U n d r .  U n c o n f .  c o m p r .

s t r e n g t h - k g / c m 2 0- 4- 0- 6

C om positional analyses were m ade on  sam ples o f  the 
M exico C ity  clay  1. T he sam ples were found  to  con ta in  
ab o u t 8-10 per cent organic m atter, a  sm all am oun t o f  calcite, 
and  x -ray  diffraction p a tte rn s indicated  the rem aining m ateria l 
was am orphous. D ifferential therm al analysis suggested th a t 
the am orphous m ateria l was allophane. T here was no  evidence 
o f  th e  presence o f any  m ontm orillon ite  o r illite.

T he ca tion  exchange capacity  was determ ined  on  un trea ted  
sam ples and  on  sam ples from  w hich th e  organ ic  m atte r was 
substan tia lly  rem oved (by five w ashings w ith H 2O a) w ith 
the follow ing results :

Treatment C.E.C.
m .e ./ lO O  g

U n t r e a t e d  28-3
HoOo t r e a t e d  26-3

I t  is ev iden t th a t th e  inorganic, am orphous m ateria l th a t 
constitu tes the bu lk  o f  the solid particles in  th e  clay  have  a 
com parative ly  high surface charge density  and  th a t the 
observed phenom ena are  p ro b ab ly  n o t influenced greatly  
by th e  organic  m atter.

U p o n  successive replacem ent o f the po re  fluid negligible 
volum e changes occurred  except w hen CC14 w as used, as 
show n in Fig. 4, an d  a  typ ical type  I I I  cu rve w as ob tained. 
I f  ty p e  I to  type I I I  curves also develop u nder subsequent 
loadings (w ith CCI4 in  the voids), it can  be concluded from  
th e  d a ta  in  Figs. 1 an d  4 th a t u p o n  replacem ent o f w ater 
w ith CC14 the  equivalent o f  a  sm all load  increm ent ra tio  is 
applied. E xam ination  o f Fig. 5 dem onstrates th a t this is 
indeed the case. T he applied load  increm ent is a ttribu ted  
to  th e  rem oval o f th e  force field 2 due to  orien ta tion  o f po lar 
molecules in the vicinity  o f  the clay  particles (the po larity  
o f CC14 is zero, T able 2). I t was also found  th a t load  increm ent 
ra tio  has a  sim ilar influence on  the ra te  o f secondary  com ­
pression, as illustrated  in Fig. 6.

T he fact th a t w ith CCI4 as the po re  fluid : (1) secondary  
com pressions develop o f  the sam e order o f m agnitude (w ith 
respect to  p rim ary  com pression) as w hen w ater is the pore 
fluid, (2) typ ical type I to  type  I I I  curves are  ob tained  by 
vary ing  the load  increm ent ra tio , and  3) load-increm ent ratio  
has sim ilar effect on  the ra te  o f secondary  com pression as 
w hen w ater is the po re  fluid, leaves no  d oub t th a t th e  seat

1 B y  D r .  J.  L .  W h i t e  o f  Pu r d u e  U n iv e r s i t y .

2 T h e  ex is t en ce o f  t h is  f o r c e  f ie ld  an d  it s  in f lu e n ce  o n  t h e  sh ea r  

s t r e n g t h  o f  c la y s  h as b een  r e p o r t e d  e lsew h er e  (L e o n a r d s  an d  A n d er -  

s la n d , 1 9 6 0 ).

T i m «  -  (T l T n u i eS

F i g .  4  V o l u m e  c h a n g e s  d u r in g  c i r c u l a t i o n  o f  d i f f e r e n t  p o r e  

f l u id s .  U n d i s t u r b e d  M e x i c o  C i t y  c l a y .  

C h a n g e m e n t s  d e  v o lu m e  p e n d a n t  l a  c i r c u l a t i o n  d e  

d i v e r s  f l u id e s  i n t e r s t i t i e l s .  A r g i l e  n o n  r e m a n ié e  d e  

M e x ic o .

F i g .  5 Ef f e c t  o f  p o r e  f l u id  o n  d i a l  r e a d in g - t im e  c u r v e s .  

U n d i s t u r b e d  M e x i c o  C i t y  c l a y .

E f f e t  d u  f l u id e  i n t e r s t i t i e l  s u r  le s  c o u r b e s  d e  le c t u r e  d u  

c a d r a n  e n  f o n c t i o n  d u  t e m p s . A r g i l e  n o n  r e m a n ié e  

d e  M e x ic o .

R a t i o  A p / p

F i g .  6  Ef f e c t  o f  p o r e  f l u id  o n  r a t e  o f  s e c o n d a r y  c o m p r e s s io n . 

U n d i s t u r b e d  M e x i c o  C i t y  c l a y .

E f f e t  d u  f l u id e  in t e r s t i t i e l  s u r  l a  v i t e s s e  d e  c o m p r e s s io n  

s e c o n d a i r e .  A r g i l e  n o n  r e m a n ié e  d e  M e x ic o .
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o f secondary  com pressions does n o t lie in the viscous drag  
o f orien ted  w ater molecules, a lthough  the ra te  o f  secondary  
com pression  is influenced by this factor. T he suggestion by 
T a n  (1957) th a t secondary  com pressions are  caused b y  “ the 
jum ping  o f bonds form ed by the clay  partic les” bears fu rther 
investigation.

The effect o f po re  fluid on  com pressibility  is show n in 
Fig. 7. M ore strik ing th an  the reduction  in  com pressibility  
is the substan tia l increase in the “ quasi-preconso lidation  
pressure” , in this case an  overconso lida tion  ra tio  o f 
ab o u t 2  was developed. T hus, a  norm ally  consolidated  
clay  can  exh ib it an ap p aren t p reconso lida tion  pressure 
due to  subsequent changes in in terparticle forces. These need 
n o t be due to  chem ical a lterations, to  changes in salt concen- 
tra tra tio n , o r to replacem ent o f the pore fluid, bu t can  be 
caused  equally  well by long-term  secondary  com pressions 
and  th ix o tro p y  (L e o n a r d s  and  R a m i a h , 1959). A  concom i­
tan t increase in shear strength  has been reported  by O s t e r - 

m a n  (1959).

P r e s s u r e  -  k g / c m '
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o 
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Fig. 7 Effect of pore fluid on compressibility. Undisturbed 
Mexico City clay.

Effet du fluide interstitiel sur la compressibilité. 
Argile non remaniée de Mexico,

Side friction

T he side friction force was m easured w ith an  appara tu s  
sim ilar to  th a t used by M u h s  and  K a n y  (1954). M inor m odi­
fications were m ade to  increase the precision and  to  perm it 
sim ultaneous m easurem ent o f excess po re  pressures. A 
schem atic d iagram  o f the appara tu s  is show n in Fig. 8 : 
tem pera tu re  con tro l ( ±  0-5° C) is requ ired  fo r accurate  
results.

A  set o f  side friction  d a ta  is show n in  Fig. 9. The ra te  a t 
w hich side friction develops is dependent u p o n  a t least tw o 
factors: ( 1) the ra te  o f strain , and  (2) the ra te  o f  po re  pressure 
d issipation . An appreciable am oun t o f  side fric tion  accom ­
panies the developm ent o f  initial (“ im m ediate” ) com pressions. 
T hereafter, the  fric tion  increases (at a  decreasing rate) and  
undoub ted ly  affects the  ra te  o f  po re  pressure d issipation .

Fig. 8 Friction measuring consolidometer.
Oedomètre pour mesurer le frottement.

Fig. 9 Relation between rate of side friction development and 
rates o f compression and pore pressure dissipation. 
Undisturbed Mexico City clay.

R apport entre la vitesse de développement du frotte­
ment latéral et les vitesses de compression et de 
dissipation de la pression d’eau interstitielle. Argile 
non remaniée de Mexico.

2 1 6 i



T hus, in o rder to  study  the rates o f po re  pressure dissi­
pation , e ither th e  side friction  m ust be elim inated  o r its 
d is tribu tion  w ith dep th  m ust be m easured. In  this investiga­
tion , the fo rm er app roach  was attem pted .

T he surfaces o f the consolidom eter rings in  con tac t w ith 
the clay  w ere coated  w ith Teflon, and  in  som e o f the tests, 
lubricated  w ith a grease contain ing  m olybdenum  disulfide3. 
T he results o f these tests are  sum m arized in Fig. 10. The 
m axim um  side friction  force per increm ent was found  to  be 
approx im ate ly  p ro p o rtio n a l to  the height o f the sam ple and  
to  decrease w ith to ta l pressure, w hich is in  agreem ent w ith 
the results ob tained  by M uh s  and  K a n y  (1954). I t is signi­
ficant th a t the load increm ent ra tio  does n o t appreciably  
influence the results. The effectiveness o f greased Teflon 
liners is e v id e n t; fo r M exico C ity  clay  a t to ta l pressures in 
excess o f  ab o u t one kg /cm 2, using greased, Teflon-lined rings 
4  7/16" in d iam eter and  3/4 '' high, the effects o f side friction  
on  the ra te  o f po re  pressure d issipation  should  be sm all. 
T he m axim um  reduction  in  norm al stress a t any  po in t will 
be less th an  six per cen t o f the applied pressure.

Fig. 10 Effect o f consolidometer treatm ent on maximum side 
friction force per increment. Undisturbed Mexico 
City clay.

Effet du traitement à l’oedomètre sur la force maximum 
du frottem ent latéral pour chaque augmentation. 
Argile non remaniée de Mexico.

Pore pressures

P ore pressures were m easured a t the base o f  fixed-ring 
consolidom eters w ith the a id  o f the null m eter developed by 
th e  N orw egian  G eotechnical Institu te  ( A n d r e s e n , et al, 1957). 
In  the low pressure range, a  m ercury  (or w ater) m anom eter 
was used to  m easure the pressure ; for pressures beyond  the 
range o f the m anom eter, a  cut-off valve was shu t and  the 
pressures were m easured w ith a calib rated  B ourdon  gauge.

P o re  p ressure m easurem ents were m ade fo r various consoli­
dom eter heights and  sidewall treatm ents, varying load  incre­
m en t ra tios and  to ta l effective stresses, and  for loading, 
rebound  and  reloading conditions on und istu rbed  and  rem ol­

3 The authors are indebted to the Swedish Geotechnical Institute 
for this suggestion.

ded M exico C ity  clay  ( G i r a u l t , 1960). A  set o f  typical 
results fo r a  greased, Teflon-lined ring , 3/4" high, a t varying 
load-increm ent ra tios is show n in Fig. 11.

Fig. 11 Influence of loading increment ratio on pore pressure 
dissipation rates. Undisturbed Mexico City clay.

Influence de l’augmentation de charge sur la vitesse 
de dissipation de la pression d’eau interstitielle. 
Argile non remaniée de Mexico.

Fig. 11 show s the effect o f load  increm ent ra tio  on  the 
ra te  o f po re  pressure d issipation. A  theoretical curve (dashed 
line) calculated  from  the Terzaghi theo ry  was fitted to  the 
m easured cu rve by  com puting  cv from  the dial reading-tim e 
curve a t 50 per cen t conso lidation  using C asagrande’s log 
tim e fitting m ethod. T he theoretical cu rve was then  corrected  
fo r side friction as follows :

(a) B oth  the initial and  tim e dependent side fric tion  was 
assum ed to  be linearly  d is tribu ted  w ith depth.

(b) T he in itial side fric tion  was sub trac ted  from  the load 
increm ent to give an  in itial excess pore  pressure d is tribu tion  
th a t decreased linearly  w ith depth.

(c) T he tim e dependent side friction  was trea ted  as a 
tim e-dependent load  reduction, using the equations derived 
by S c h i f f m a n  (1958). T he equations w ere in tegrated  fo r the 
m easured  ra te  o f side fric tion  developm ent to  give the 
“ correc ted” theoretical cu rve (solid line).

Fig. 11 (a) shows a com parison  betw een the m easured 
a n d  com puted rates o f  pore pressure d issipation  for a load 
increm ent ra tio  o f tw o a t a  to ta l pressure less th an  the p re ­
conso lidation  pressure. As the am ount o f side friction  is 
com parative ly  large (Fig. 10), the friction correction  is app re­
ciable bu t agreem ent betw een the corrected  theoretical 
cu rve and  the m easured ra te  o f po re  pressure d issipation  
is good. Fig. 11 (b) shows a sim ilar com parison  a t a  to ta l
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pressure above the preconso lida tion  pressure. T he friction  
correction  is sm aller and  good agreem ent between m easured 
and  theoretical po re  pressures was again  ob tained4. Fig. 11 (c) 
show s the sam e com parison  fo r a  sm all load  increm ent ra tio  
(0-15) a t a  large value o f the to ta l pressure. T he side friction  
correction  is negligible, yet agreem ent w ith the m easured 
pore  pressures is very poo r (the do tted  cu rve is the corrected  
theoretical curve passed th rough  u/Ap  =  0-5). T able 4 shows 
a com parison  o f  com puted  values o f cv fo r the three load 
increm ents show n in Fig. 11 : values calculated  from  dial 
reading-tim e curves using the C asagrande log tim e m ethod  
a re  show n in colum n I, values calculated  from  the pore 
pressure curves a t ti/Ap =  0-5 are  show n in colum n II , 
and  values calculated  from  th e  po re  pressure curves a t a 
tim e corresponding  to  t50 on the dial reading-tim e curves are 
show n in colum n I I I .  G ood  agreem ent was ob ta ined  for 
large load-increm ent ra tios only.

Table 4

Comparison of Calculated Values of Coefficient of Consolidation

p
kg/cm2

A pip
c„cm2/sec. x  10-4 Ratio

I  I I I I I i / i i  ; i / i i i

0-2 2-0 12-5 12-9 15.6 0-97 0-81
11 3 0 1-46 0-93 1-41 1-57 1-03
5-3 015 0-13 ! 9-14 0-67 0 014 ! 0-19

T he da ta  in Fig. 11 show  th a t the "‘anom alous” behavior 
using sm all load  increm ent ra tio s canno t be a ttribu ted  to  
side friction , as suggested by  Ta y l o r  (1942). I t is also clear 
th a t values o f  cv calculated  from  any  p a rticu la r test p rocedure 
can  be g reatly  in e rro r w hen applied  to  in-situ  conditions 
w here the load  increm ent ra tio  varies w ith depth . F inally , 
the ra te  o f po re  pressure d issipation  can be predicted  reliably  
from  the Terzaghi theo ry  on ly  if com parative ly  large load  
increm ent ra tios are  a p p lie d ; fo r M exico C ity  c lay  this ra tio  
is approx im ate ly  tw o, fo r o ther clays th e  ra tio  is considerab ly  
sm aller.

Conclusions

1. D epending  upon  the load  increm ent ra tio , and  upon  
w hether o r n o t th e  pressure increm ent straddles the effective 
p reconso lida tion  pressure, dial read ing  vs. log tim e curves 
can be classified according to  th ree typical shapes.

2. L arge rates o f secondary  com pression per un it o f p rim ary  
com pression  are  associated w ith sm all load  increm ent ratios. 
T he ra te  o f secondary  com pression per un it height, per un it 
pressure increm ent (at a  given to ta l pressure) increases rap i­
dly as the load  increm ent ra tio  is reduced.

3. Secondary  com pression canno t be a ttrib u ted  to  viscous 
drag  (o r o ther m echanism s) associated w ith the o rien tation  
o f p o la r m olecules in the vicinity  o f clay particles, a lthough

4 For large load increment ratios and small side friction the measured 
initial excess pore pressure often slightly exceeded the applied pressure 
increment. This was caused by a small dynamic effect due to the load 
increment being applied rapidly (in 2 sec.) so that the initial excess pore 
pressure could be obtained.

the  ra te  o f secondary  com pression is influenced by  this 
factor.

4. F ac to rs  o ther th an  pressure and  chem ical a lte ra tions — 
specifically, long-term  secondary  com pressions —  can result 
in  the developm ent o f effective p reconso lida tion  pressures.

5. W ith  steel o r brass consolidom eters, side friction  can 
a lte r significantly  th e  in terp re ta tions m ade from  the results 
o f conven tional one-dim ensional conso lidation  tests, p a r ti­
cu larly  in  the case o f  po re  pressure d issipation  rates. G reased 
Teflon liners can  v irtually  elim inate side friction  effects if 
the d iam eter to  height ra tio  o f the consolidom eter exceeds six, 
and  if the to ta l effective pressure exceeds a critical value.

6. T he ra te  o f excess pore  pressure d issipation  can  be 
reliably  predicted  from  the T erzaghi theo ry  p rov ided  the 
applied  load increm ent ra tio  is sufficiently la rg e ; fo r M exico 
C ity  clay  this ra tio  is approx im ate ly  tw o, fo r o ther clays it 
is considerab ly  sm aller. I f  the lo ad  increm ent ra tio  is sm aller 
th an  the critical value, the T erzaghi theo ry  canno t predict
—  even approx im ate ly  —  the ra te  o f  excess po re  pressure 
d issipation .
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