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Measurement of in-situ lateral stresses in normal Calcutta deposit 

L a  m e s u r e  d e s  contraintes latérales e n  place d a n s  u n  dépôt normal d e  Calcutta

N.N.SOM, Professor of Civil Engineering, Jadavpur University, Calcutta, India 

I.R.K.RAJU, Assistant Engineer, Metro Rail, Calcutta, India

SYNOPSIS« The paper presents the observations of in-situ lateral stresses in the alluvial soil of 
normal Calcutta deposit. Vibrating wire earth pressure cells were installed in the R.C.C. diaphragm 
walls of the cut-and-cover construction for Calcutta Metro. Before comnencement of excavation the 
pressure cell observations give in-situ lateral pressure in the subsoil. The paper describes the 
instrumentation scheme and the installation procedure of earth pressure cells in detail. The Re
values of different strata are evaluated and their correlation with the nature and stress history 
of the soil are discussed.

1 INTRODUCTION

As part of extensive instrumentation being done 
to study the soil-structure interaction of brac
ed open cuts with R.C.C. diaphragm walls in soft 
to medium clay, earth pressure cells have been 
Installed in the diaphragm walls at three loca
tions of the Calcutta Metro Construction. The 
major part of Calcutta Metro is being built by 
the 'Cut-and-Cover' method. Braced excavation, 
varying in depth from 9 mto 14 mhave been made 
with 600 mm diaphragm walls propped against each 
other by steel struts. Three teat locations bet
ween Girish Park and MG Road stations have been 
selected for extensive instrumentation. Figure 1. 

While excavation at the test sections is not 
going to start till later the observations till 
date have been it possible to establish the in- 
situ lateral stresses in different strata of the 
normal Calcutta deposit.

2 SUBSOIL CONDITION OF CALCUTTA

The Calcutta soil forms part of the Bengal basin 
which is believed to have its geological history 
dating back to the middle of the Mesozoic era.
The basin was the site of continuous deposition 
from the Cretacious period. In the Tertiary per
iod, the sediments on the Mesozoic floor were 
mostly deposited by the Ajoy and Damodor river 
systems on the west and from the Assam Plateau 
on the east. Subsequent Pleistocene sediments 
consisting of succession of gravel, silt and sand 
are believed to have been deposited on the terti
ary beds.

The subsoil in the upper strata of the Bengal 
basin, which is of immediate relevance to founda
tion engineers,is,however, of recent origin and 
is believed to have been deposited by the Ganga 
river system. Opinion differs as to the boundary 
between the Pleistocene and recent deposits in 
the area, but there seems little doubt that the 
top 100 metres of the sediments, at least, are 
of recent origin. Deposition has taken place 
under typical aluvial environments - in the form 
of back-swamp deposits, meander belt deposits 
and channel fill deposits.
The upper region of the 'normal Calcutta

deposit' consists of dessicated brownish grey/ 
light brown silty clay followed by grey to dark 
grey silty clay with decomposed wood. These two 
strata constitute the softer components of the 
'normal Calcutta deposit1 and extend to approxi
mately 13 metres below G.L. The deeper strata are 
stlffer and comprise of alternate layers of stiff 
to very stiff mottled brown grey silty clay with 
calcarious modules and dense brown clayey silt/ 
silty fine sand. Figure 2 shows the subsoil stra
tification in test section 2.

3 INSTRUMENTATION SCHEME

Figure 3 shows a typical excavation profile with 
diaphragm wall and struts. A 13.5 m deep excava
tion will be made with four struts spaced @ 3 m 

c/c longitudinally. Figure 4 shows the typical 
layout of instruments at each test section. The 

objective of the instrumentation programme is to 
determine the lateral earth pressure on the dia
phragm wall at various stages of excavation, the 
ground settlement profile, effect on adjoining 
structures and the zone of influence due to exca
vation. At each test section 12 nos. vibrating 
wire earth pressure cells were fixed to the re
inforcement cage of the diaphragm wall. Figure 5. 
Three vibrating wire piezometers were also pla
ced at 12 m, 16 m and 20 m depths at locations 
indicated in Figure 4. In addition, ten Casagrade 
piezometers were installed. In the present paper, 
however, the observations of the earth pressure 
cells and the vibrating wire piezometers will 
only be discussed.

4 INSTALLATION PROCEDURE

Each earth pressure cell/vibrating wire piezome
ter was calibrated under fluid pressure prior to 
installation. Special installation procedure was 
adopted to make the cells come into contact with 
the soil after lowering the reinforcement cage 
in the diaphragm wall trench before starting the 
concreting. Each cell was placed inside a housing. 
Figure 6, which was welded to the cage at the 
appropriate level and operated through a remote- 
controlled hydraulic jack through a cable and
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The lateral pressures distribution as measured 
by the pressure cells on different dates after 
installation are shown in Figure 7a. The initial 
seating pressure in each cell could be more than 
the in-situ earth pressure - or less but the im
balance would tend to even out with time and, the 
stable earth pressure indicated by the pressure 
cells would give the in-situ lateral stresses in 
the soil. The final values of lateral earth pre
ssure as measured by the earth pressure cells at 
the three test sections are plotted in Figure 7b.

It may be seen that the distribution of lateral 
pressure does not follow a definite pattern with 
depth. Furthermore, when compared with the dis
tribution of total vertical stress (i.e. over
burden pressure) the lateral earth pressure in 
Test Section 1 is, in fact, higher than the ver
tical stress near the ground surface. The press
ure cells at 2 mdepth in Test Sections 2 and 3 
may not have made adequate contact with the soil 
prior to concreting because of apparent over
cutting near the top. These cells did not show 
any pressure other than the fluid pressure, ini
tially - but, later, they started to show increa
sing pressure. But the observed stresses may be 
less than the in-situ stresses because of yield
ing of the soil.
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Figure 2. Soil profile at test sections

valve manifold on the ground.
While the diaphragm wall trench was being made, 

the cell housings were welded to the reinforce
ment cage on the ground and each house was conn
ected to the valve manifold near the cage top. 
Continuous monitoring of the pressure cells was 
done at all stages of installation - starting 
from fixing the cells to the cage, lowering the 
cage though the bentonite slurry, operating the 
Jacks to bring the cells in contact with the soil, 
tremie concreting, setting of concrete, jack re
lease and thereafter. After installation, the 
lead wires from the pressure cells were taken 
through a trench to a terminal box placed inside 
a nearby building. The vibrating wire piezometers 
were installed in boreholes of desired depth and 
the space immediately above the probe was sealed 
with bentonite plug while the rest of the bore
hole was backfilled upto the ground surface.

Figure 7a shows the variation of fluid pressure 
measured by the earth pressure cells immediately 
after cage lowering in Test Section 1. The calcu
lated fluid pressure for a bentonite specific 
gravity of 1.05 is shown by broken lines. Figure
8 shows the measured stresses of two typical cells 
at different stages of installation. There was 
some erratic reading during concreting but the 
pressure tended to stabilize within 7 days and 
by 60 days readings became stable.
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Figure 3. Typical excavation profile

Figure 7b also shows the pore water pressure 
at different depths as measured by the vibrating 
wire piezometers in Test Section 1. Similar data 
were obtained for the other Test Sections. The 
piezometric head is generally found to be 7 m 
below ground level.

6 COEFFICIENT OF EARTH PRESSURE AT REST

The distribution of vertical and lateral stresses 
and the pore-water pressure with depth - as shown 
in Figure 7b - makes it possible to obtain by 
back calculation the K 0-value of the soil at diff
erent depth, as shown in Table 1.

Notwithstanding the low values of Kq obtained 
at 2 m depth at locations 2 and 3 for reasons 
given earlier, the average K0 is found to be high 
in the top 4 m of the soil. Thereafter, Kq decre
ases with depth but the change of Kg appears to 
correspond with the change of soil characterist
ics. On the basis of the observed data the
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Figure 4. Instrumentation scheme

Table 1. Values of K„

Depth Location Location Location Average
(m) 1 2 3

2 1.65 0.77* 0.55*
4 1.70 0.85 0.80

6 0.95 0.85 0.73
8 0.83 1.16 0.70

10 0.70 0.84 0.65 0.70
12 0.67 0.90 0.60
13.5 0.50 0.80 0.70

16 0.37 0.48 0.30
17.5 0.44 0.65 0.45

* Low values due to inadequate seating.

following average values of Ko for the three
major strata are obtained i

Stratum

I
II
III

Value of Kc

1.0
0.7
0.5

7 DISCUSSION OF RESULTS

The coefficient of earth pressure at rest of a 
soil depends primarily on the stress history of 
the soil. Heavily over-consolidated soil is 
known to have high K,-, value - even greater than
1, when O.C.R. exceeds 4 - while normally conso
lidated soils generally have Kq less than 1 

(Skempton 1961, Brooker and Ireland 1965, Som 
1974). The observed Kq values may now be studied 
in the light of the nature and properties of
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Figure 5. Location of earth pressure cells

Figure 6 . Cell housing in reinforcement cage

different strata (Table 2).

Table 2. Properties of different strata

Stratum LL % PL % NMC % Cu (t/m2 ) V 1 + eo

I 46 27 32 5.0 0.05
II 52 27 46 2.5 0.15
III 62 25 36 6.5 0.1 0
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Figure 8 . Typical pressure cell observation
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0 SUMMARY AND CONCLUSION

Vibrating wire earth pressure cells have been 
Installed in R.C.C. diaphragm walls to study the 
soil-structure interaction of braced cuts in the 
soft to firm clay of normal Calcutta deposit. 
Suitable installation procedure ensures satisfac
tory performance of vibrating wire cells for long
term measurement. Prior to excavation the press
ure cell observations give the in-situ lateral 
stresses in the soil and the data can be used to 
establish the KQ-value of different strata.
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