
INTERNATIONAL SOCIETY FOR 

SOIL MECHANICS AND 

GEOTECHNICAL ENGINEERING 

This paper was downloaded from the Online Library of 
the International Society for Soil Mechanics and 
Geotechnical Engineering (ISSMGE). The library is 
available here: 

https://www.issmge.org/publications/online-library 

This is an open-access database that archives thousands 
of papers published under the Auspices of the ISSMGE and 
maintained by the Innovation and Development 
Committee of ISSMGE.   

https://www.issmge.org/publications/online-library


Underground Construction in Soft Ground, Fujita & Kusakabe (eds) © 1995 Balkema, Rotterdam. ISBN 90 5410 536 4

Time effect on ground settlement due to braced excavation in soft clay
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SYNOPSIS: The influence of time on ground settlement for braced excavation in soft clay has been
studied from field measurements of ground settlement along the Calcutta metro alighment. Additional
ground settlement occurs when an excavation is kept open for long periods of time. Further, the.rate
of excavation seems to have important effect on the ground settlement profile. The data emphasize
the need for rapid construction of underground facilities, once the final cut level is reached, to
avoid undesirable ground settlement and consequent damage to adjacent structures.

INTRODUCTION

Braced excavation is widely used for construc
tion of underground facilities in built-up areas.
The general practice is to build R.C.C. diaphragm
walls on~either side of the excavation and prop
them laterally by struts at pre-determined loca
tions. Any deep excavation, whatever the support
system, inevitably leads to ground settlement in
the surrounding areas and any structure lying
within the zone of influence is likely to be
affected. A variety of factors influence the mag
nitude and pattern of ground movement adjacentto
deep cuts (Peck 1969). Some of them are :

° Subsoil profile and engineering properties
of different strata

0 Shape and depth of excavation
° Type and stiffness of support system
° Sequence and method of excavation
° Speed of work

GROUND SETTLEMENT,

Ground settlement occurs in braced excavation
due to the movement of diaphragm wall and heave
of the bottom of excavation. Som (1991) compared
the ground settlement and the corresponding wall
movement in braced cuts in terms of the volume
of lost ground (SV) and the volume of soil dis
placed by the wall above the cut (Dv) and found
that the volume of lost ground could be predicted
well from the relationship SV = Dv ,Fig. 1. If
the deformation of the soil is in the elastic
range the volume of lost ground may be predicted
from elastic finite element analysis of the app
ropriate soil-structure interaction problem. How
ever, excavation is often slow and additional
settlement occurs due to secondary and creep eff
ects of.the soil. The magnitude of this addition
al settlement in a given soil is somewhat inde
terminate and depends on many factors, e.g.,rate
of excavation, delay in fixing struts, delay in
underground construction etc.

Time is an essence of underground construction.
Strict control is necessary ensure that the exca
vation is done in a systematic manner following
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Figure 1. Ground settlement and diaphragm wall
deflection.
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a proper sequence and a carefully planned time
schedule. One of the major problems in construc
tion control arises out of the excavation being
left open at the final cut level or at any inter
mediate level for long period of time. This caus
es additional time-dependent settlement whichnnay
often be of the same order of magnitude as the
settlement that occurs due to elastic deformation
of the soil.

CALCUTTA METRO CONSTRUCTION

The time effect on settlement behaviour of braced
cuts in soft clay has been studied from extensive
measurement of ground movement and building sett
lement for Calcutta Metro Construction. Ground
movement
sections
has been
a number
(Som and

has been measured in instrumented test
and its effect on adjoining structures
studied by monitoring the settlement of
of buildings along the metro alignment
Narayan 1984, Som and Raju 1989). In

certain sections the excavation had been left
open for long periods_of time..This has led to
large additional settlement and consequent damage
to adjoining structures.
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Figure 2. Soil profile on test section.
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Figure 3. Measured ground settlement.

Instrumentation has been done at three test
sections of the Calcutta Metro construction to
study the soil-structure interaction of braced
open cuts with R.C.C. diaphragm walls in soft to
medium c1ayL Fig. 2 shows the typical subsoil
data at one test section along with the excava
tion profile. The subsoil consists of alternate
layers of soft to firm silty clay/clayey silt.
overlying silt stratum. The diaphragm walls are
taken at least 4 m below the cut depth to rest
in the hard stratum - the design being made from
consideration of bottom heave (Som 1991). Fig. 3
shows the settlement profile at different stages
of excavation. In this section maximum settlement
of only 80 mm has been measured 4 m away from the
diaphragm wall and the influence zone is restric
ted within a distance of 25 m from the diaphragm
wall.

A theoretical analysis, using finite element,
has been made to obtain the stepwise pattern of
ground settlement simulating the different stages
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Figure 4. Ground settlement profile.

of excavation and strutting in the field. Elasto_
plastic stress-strain model of the soil was con
sidered and calculations were done for undrained
soil behaviour. The settlement profiles as obta
ined for different stages of construction are
plotted in Fig; 3, by dotted lines. A comparison
of the predicted and observed values shows that
the measured settlements are somewhat more than
the theoretical values but the pattern of ground
settlement is predicted well. This is only to be
expected because the finite element analysis gives
the settlement profile for undrained condition
only. Consolidation and creep phenomena often be
come significant, particularly if the construc
tion is slow.

A general picture of the settlement profile is
obtained from Fig. 4 where the ground settlement
data are plotted for the final cut depth for~diff
erent sections along the alignment. Curve A has
been drawn to indicate the upper limit of settle
ment profile measured for the Calcutta Metro cut.
It may be seen that the maximum settlement adja
cent to the cut seldom exceeds 1% of the depth of
cut and the zone of influence does not go beyond
a distance of three times the depth of cut. The
settlement profile as obtained for the`measured
sections has been compared with Peck's normalised
plot for braced cut with sheet pile supports in
different types of soil. The different zones of
settlement as proposed by Peck are shown in Fig.4
as zones I, II and III. It may be observed that
the measured settlement fall within Zone I of
Peck's diagram whereas, on the basis of soil con
dition in the Calcutta area, they should have
fallen in Zone II. This leads to the conclusion
that ground settlement has been considerably less
than those predicted by Peck's diagram. This is
believed to be due to the greater rigidity of the
support system provided by diaphragm walls as com
pared to sheet piles. A normalised settlement vs(
depth of cut gives an almost linear relationship
with Sm /H varying between 0.3 and 0.8% , Fig. 5.

TIME EFFECT

The ground settlement data, presented above for
the Calcutta metro construction, give the settle
ment pattern of braced cuts in normal Calcutta
soil for the general case where construction is
done rapidly without any undue delay or hold u;>at
any stage. However, in certain sections excavation



had been left open for long periods of time ei-.
ther because concreting for the subway box con
struction could not be commenced early or because
there were stoppages due to other reasons. The
vulnerable buildings adjacent_to these sections
have been subjected to systematic monitoring to
see how the settlement increased with time and to
work out remedial/repairing work in case thehmild
ing got damaged. A number of buildings along the
alignment were selected for such study.

There has been wide variation in the time taken
for completion of excavation from section to sec
tion. Table 1 gives a summary of the time taken
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Figure 6. Measured settlement of premises no.
161 C.R. Avenue.
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for doing the excavation in different test sec
tions. Notwithstanding the wide variation in the
rate of excavation (15.3 days/m to 34.2 days/m)
and the time for which the excavation was left
open at the final or any intermediate cut level
it is possible to arrive at some general conclu
sions regarding the effect of time on ground
settlement in braced cuts.

For each test section where the excavation has
been kept open at the final
cut level for a long period
settlement adjacent to the cut
lar depth was reached has been
settlement with the excavation

or
of

any intermediate
time the maximum
after the particu
measured. Further
remaining at the

same level - has also been measured against time.
The data for one of the affected buildings (161
C.R. Avenue) are shown in Fig. 6. It may be noted
that, for this building, the excavation was kept
open at 8 m depth for 90 days and then again at
10 m depth for another 90 days. Thereafter, exca
vation was resumed and the final cut depth (14 m)
was reached in another 85 days on 15.03.90. Lean
concrete was laid on 15.04.90 but after that there
was a long hold-up, becausethe construction firm. Work
30.01.92 when the base raft
cast. Admittedly this is an
work was stalled for unduly
But the settlement data for

of labour dispute in
was resumed only on
of the subway box was
extreme case where
long period of time.
the buildings clearly

show the effect of time on ground settlement.adjacent to the cut.
'it will be noticed that out of a total settle

ment of 172 mm no less than 93 mm has occurred
during the stoppages of excavation. True, the se
quence of placing struts and overcutting at any
depth prior to installation of struts may also
have some effect on the additional settlements
that are seen to have occurred. But the pattern
of settlement as shown in Fig. 6 clearly shows
the predominant effect of time on the settlement
of the building.

Similar data have been compiled for other build
ings included in Table 1. The data on additional
settlement occurring at a cut level when the cut
is kept open for long periods of time are also
summarised in Table 1. Fig.
time vs. ratio of the total

6 shows a plot of
settlement at the

final cut level (including the settlement that
occurred during the pause in construction)to the
settlement that occurred immediately after the
excavation depth was reached in different test
sections.It will be seen that the ratio (St/So)increases rapidly for pause in construction upto
150 days during which additional settlement of
upto 40% may occur. Thereafter, the rate of in
crease of St/SO goes down sharply and the curve
becomes asymptotic to a value of St/So approxima
tely equal to 1.8. It seems additional settlement
of upto 80% may occur for very long periods of
pause. The same data are plotted into semi-logar
ithmic scale in Fig. 8. It is interesting to note
that there seems to exist a
between st/so vs. log(t).

RATE OF EXCAVATION

There was wide variation in

linear relationship

the average rate of
excavation from section to section. Generally
speaking, upto 14 m deep cuts have been made at
average excavation rates of 15.3 to 34.2 days/
metre. This rate includes the time taken to do
the actual excavation and fixing of struts and
also all stoppages that may have occurred at any
intermediate or final cut level. The maximum
ground settlement, as expressed by its ratio to



Table 1. Time of excavation and settlement data
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Figure 8. Settlement ratio vs. time.

metro alignment. Additional ground settlement has
been observed when an excavation is kept open at
the final cut level or any intermediate level for
long periods of time. This deformation is in addi
tion to the elastic deformation of the soil and
much of it can be eliminated if the excavation is
not kept open for unduly long periods of time.
The data emphasize the need for rapid construc
tion of underground facilities without loss of
time_after the excavation depth is reached.
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