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DE LA PRESSIO N  I N TE RST I T I ELLE PEN D A N T  LA  C O N S O L I D A T I O N
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D e p a r t m e n t  o f  C i v i l  E n g i n e e r i n g  

U n i v e r s i t y  o f  Ro o r k e e ,  Ro o r l t e e ,  U P. I n d i a

SYNOPSIS Tests on a highly plastic organic clay revealed that quasi-preconsolidation press
ure Increased with decreasing load increment ratio, increasing duration of sustained loading 
and increasing consolidation pressure. It was observed that, in case of overconsolidated 
clays, the ratio of maxlmun quasi-preconsolidation to consolidation pressure did not exceed 
20-309cf whereas it was almost 100% in normally consolidated clays. Dissipation tests were 
also conducted on a slightly overconsolidated clay which corroborated Raymond's (1965) theory.

QUASI-PRECONSOLIDATION EFFECTS 
IN N.C. AMD O.C. CLAYS

The settlement of foundation can be contro
lled by slowing down the rate of construc
tion of embanlanent or building provided the 
incremental pressure on N.C. day strata Ap 
is less than quasi-preconsolidation pressure 
Apq. Further, lack of agreement between di
ssipation test results and Terzaghi's theory 
at small load increment is believed to be 
due to such time effects* An extensive 
study was, therefore, made to find out the 
effect of preconsolidation pressure p, load 
increment ratio (LIR) and duration of sus
tained loading on Ap^.

SOIL STUDIED

All tests were conducted on an alluvial org
anic clay from Kuttanad (Kerala) having 
following properties:

wj_ = 172 clay content (<2w) = 6 5 %

Wp • 57 organic content ■

wn ■ 1538S pH value = 4.2

On air-drying, liquid limit and plastic 
limit dropped to 75 and 49 respectively.

TESTS ON N.C. CLAY

Tests were conducted on air dried clay with 
water content equal to w l . Side friction 
was reduced bv coating the consolidation 
ring with silicon grease.

The clay was first consolidated to pressure 
1 to 4 tsf under LIR ° 1 and allowed second
ary compression for 21 to 81 days of susta
ined loading. Subsequently it was subjected 
to low LIR - 1/4, 1/8 and 1/16 till no sig
nificant compression occurred. Then LIR = 1 
was adopted to get the rest of e-log p curve.
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Fig. 1 Variation of Quasi-Preconsolidation 
Pressure With Duration of Loading

Figure 1 shows the relationship between AP. 
and duration of sustained loading in days 
for LIR = 1/16 and consolidation pressure of 
4 Tsf. The observed linear relationship can 
not continue indefinitely but does not fail 
to manifest the significant difference in 
the field and laboratory consolidated clay 
samples. Figure 2 gives the effect of P 
and LIR on AP_. The quasi-preconsolidation 
pressure was found to be directly proportion
al to P, as reported by Leonards and Alts- 
chaeff1(1964) wno gave the ratio AP_/P as
0.40; whereas, it was noted to be as high as 
1 for LIR ■ 1/16. The cause of high quasi
preconsolidation effect appears to be rela
tively high secondary compression during 
sustained loading as is evident from fig. 3.
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Fig. 2 Variation of Quasi-Preconsolidation 
Pressure With Load Increment Ratio 
And Consolidation Pressure

Fig.3 Variation of Quasi-Preconsolidation 
Pressure With Decrement In Void 
Ratio During Sustained Loading

The fact that AP also depend9 upon LIR, 
suggests that diffused double layers of clay 
particles develop some bond after prolonged 
contact. Narain and Singh (1967) suggested 
that the lattice structure of the double 
layer of water common to adjacent clay par
ticles will develop fully only after 6ome 
time. However, further work is imperative 
to explore the nature of such bonds.

TESTS ON O.C. CLAY

The object of study was to detexmine the 
effect of load increment ratio during pre- 
compression, LIR(C), and sampling on AP„ 
for varying load increment ratio during re- 
compression, LIR(R). Remoulded Kuttanad 
clay, with natural moisture content, was 
first consolidated in a 4 inch diameter and 
8 inch high brass split mould. A 4 inch 
diameter rubber membrane coated outside with 
silicon grease was interposed in between 
clay sample and the mould. Since the maxi- 
min variation in moisture content within the 
soil sample was less than 5% post-consoli
dation value of 6 5 % , it is believed that 
side friction was insignificant; as was also 
evident from the fact that e-log p curve was 
almost the same as for 1 inch high soil sam
ples. Further, the use of filter drains 
enabled primary consolidation to be comple
ted within 24 hours. The clay samples were 
loaded upto 3.8 tsf and 4.9 tsf with LIR(C) 
of 1, 1/2, 1/4 and 1/8 after every 24 hours. 
Afterwards, the clay was allowed to swell 
with overconsolidation ratio of 2 and same 
LIR(C). In this way, desired clay sample 
was obtained which was tested in convention
al consolidometers after cutting carefully 
the same to required sizes. The varying 
load increment ratios 2, 1, 1/2, 1/4, 1/8 
and 1/16 were adopted till the load reached 
about 1.50 p.

Preconsolidation pressures were also deter
mined by using Casagrande's graphical pro
cedure* Since the success of this method 
depends upon the accuracy in location of 
virgin line, the same was obtained with the 
help of e-log p curve during preconsolida
tion. Figure 4 and figure 5 show the varia
tion of computed p with LIR(R). It was 
noted that the maximum variation was limited 
to - 41% to + 51% of actual p. If one expe
cts the manipulation error of 50% in the 
graphical method, the above order or differ^ 
ence in p is no longer significant to con
clude about APq. Nevertheless, test resul
ts tend to prove that quasi-preconsolidation 
effects are not so important in O.C. clays 
as in N.C. clays. Further, the value of AP_ 
goes on reducing with decreasing LIR(C) for 
a given LIR(R). This should not mislead one 
to conclude that AP- will be less in natu
ral clays than remoulded consolidated clays 
because of the vast differences in the dura
tion of sustained loading.

It is recommended that undisturbed soil sam
ples should be allowed to swell initially 
before reconpression to enable accurate 
prediction of p because some bonds between 
clay particles will be subjected to shearing 
strains and so time effects will be nulli
fied.

PORE PRESSURE DISSIPATION IN 
SLIGHTLY O.C. CLAY

Raymond (1965) developed the nunerical
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QUASI  PRECO N SO LI D A T I O N  EFFECTS

Fig.4 Fig.5

Variation Of P q  With Change In Load Increment Ratio

procedure for one dimensional consolidation 
of slightly overconsolidated clay. The soil 
was assumed to possess different consolida
tion characteristics in O.C. and N.C. range 
of effective stresses. The critical line 
dividing N.C. and O.C. clay goes on moving 
down with time. As such, the analysis be
comes difficult. Raymond's computer pro
gramme for 12 mesh lines has been generali
zed for N lines. The execution time is 10 
minutes for 21 lines on IBM 7044 computer 
for dissipating base pore pressure to 0.01 
AP.

In order to verify Raymond's theory, it was 
thought essential to conduct dissipation 
tests. The clay cannot be saturated by back 
pressures in conventional consolidometers. A 
poor pore pressure response is recorded be
cause of air entrapped in the porous stone 
after consolidation. This results in a 
large increase of the flexibility of the 
pore pressure measuring system.

A new consolidometer was, therefore, design
ed and fabricated at the University of Roor- 
kee, as shown in figure 6. Its special fea
ture is the two-way drainage system, by

which air can be flushed out of the porous 
stone before applying the next load incre
ment. A train of air bubbles could always 
be seen gushing out of outlet. This system 
improved the pore pressure response from 30% 
to 90% and decreased the difference in mea
sured and computed permeability. The pore 
pressure was measured through a central hole 
at the bottom porous stone, which, was also 
used as inlet for water to flush the same. 
After a couple of series of tests, the pore 
pressure response decreased due to choking 
of the porous stone by the colloidal clay 
particles, which becane evident from the 
dark colour of porous stone and lack of free 
flow. A better alternative is to change the 
porous stone rather than boiling the same 
for a few hours.

The remoulded natural Kuttanad clay was 
first consolidated to 1-2 tsf and allowed to 
swell with overconsolidation ratio of 2 and 
LIR(C) equal to 1. Subsequently, it was 
reloaded with LIR(R) of 1 and 2 till p 
equalled 6 tsf. The conventional tests were 
also run to get variation of permeability 
with void ratio. Then average permeability 
for O.C. and N.C. clays was obtained

313



N A R A I N .  S I N G H .  I YE  R a n d  D E O  S K A  R

LOAD

, , ,  ,  77 A

I J t o s r z z z z z z z z z z z z h z z i

INDEX 

I. HUNGER A l  O  VALVE 

TO PORE PRESSURE LEAD. 

2 KLINGER AB (O VALVE TO 

PERMEABILITY MEASURING 
DEVICE.

3UPPER POROUS STONE.

«  LOWER POROUS STONE.

S.LOADING CAP.

4 POROUS STONE RING.
(ARALOITED)

7.LOADING BALL.

»GUIDE RING. 

«.CONSOLIDOMCTER CELL.

10. STUD.

11. 2/ 4* HEXAGONAL BOLT.

12. I/ #* WASHER.

I I - BASE.

14.RUBBER GASKET.

S. QUICK FIX SEAL.

-7 '/ 4
Ì®

M/2-̂ l/2*-*/*l 
h HOOK M 
DIMENSIONS

Fig. 6 Sectional Elevation Of New Consolidometer Assembled

SYMBOL

O EXPERIMENTAL
OBSERVATION
RAYMOND^
THEORY

TERZAGH l's
THEORY_______

FOR

\ CONOmONS OF TEST

-  I KG/ SQ CM 

I- 2

-  I KG/  SQ CM

•  o s t o k s i o g s q c L

KG/ SQ CM

corresponding to respective void ratios.
The values of my were computed from e-log p 
curve. The computed pore pressure and se
ttlement confonned to experimental observa- 
tions, as shown in figure 7. Terzaghi't 
theory proved inadequate except in N.C. clay.

Leonards and Girault (1961) had similar 
observations in N.C. clay for low load in
crement ratio of 0.13. It appears that

io

even N.C. clay behaves as slightly overcon
solidated clay on account of quasi-preconso
lidation effects. Thus» if one succeeds in 
evaluation of equivalent AP_ (as discussed 
earlier) , the pore pressure in field can be 
predicted more accurately. This is of vital 
importance in detexmining the rate of fill
ing of oil tanks and grain silos, where 
foundation failures are not uncommon.

too 200

LOG TIME IN M INUTES

Fig. 7 Pore Pressure At Base Vs Log Time
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O U A SI - PRECO N SO LI D A TI O N  EFFECTS

A computer programae is under preparation 
to take into account (i) non-homogeneity,
(ii) varying stress-history of each layer 

and (iii) change in height of the aoil 
saaple during consolidation.

CONCLUSION

1. The quasi-preconsolidation pressure 
depends upon load increment ratio during 
preconpression, load increment ratio during 
recompression, consolidation pressure, dura

tion of sustained loading and stress history. 
Overconsolidation wipes off partially the 
tine effects in clays.

2. Raymond1s(1965) theory can be success

fully used for predicting dissipation of 
pore pressure in the field. Even normally 
consolidated clays need be analysed as over- 
consolidated clays depending upon the value 
of quasi-preconsolidation pressure.
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