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We were discussing a few silent aspects of the vacuum assisted consolidation,
particularly to reduce the payloads; as | just mentioned, this field trials have been

conducted in many places, and they have been very effective.
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Field trials conducted over the past two decades in China
(Choa, 1989), France (Cognon, 1991, Cognon et al.,
1996), USA (Jacob et al., 1996; TETC, 1990), Japan
{Shinsha et al., 1991), Bangkok {(Woo et.al., 1989),
Sweden (Tortenssen, 1984; Holm, 1996) and elsewhere
have verified the effectiveness of vacuum-assisted
consolidation in conjunction with vertical drains for site
improvement,
Cost estimates based on these projects indicate
significant potential for cost savings over conv al
surcharge fill pre-loading for an equivalent surc of
4.5m height.

®
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And people indicate that, you know all these studies indicate, that there is a significant
potential for cost savings over the conventional surcharge placement, and for at least,
you know 4.5 meters height, why it is, is that, we know that, it is a 1 kg per centimeter

square or 1 bar or 100 k p a is pressure suction, you can apply.

So, theoretically about you can get 5 meters or 4.5 meters or even 4 meters, if you are
things are, you know, properly done, if the vacuum is very good, definitely one can go
for about 4.5 equivalent pressure; so, you do not need to really apply the surcharge, but

then, you can get the equivalent effect by having the vacuum, that is a meaning here.
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Equipment and Construction Process

The Vacuum Consolidation construction process involves
(Cognon et al, 1996):

1. Placing a free drainage sand blanket (60 — 80 cm thickness)
above the saturated ground in order to provide for a working
platform.

2. Installation of vertical drains, generally of 5 cm in equivalent
diameter, as well as relief wells from the sand blanket.

3. Installation of closely spaced horizontal drains at the base of
the sand blanket using a special laser technique t ain
them horizontal,

4. The harizontal drains in the longitudinal and tr= -
q‘ffglicns are linked through connections.

And how do we, this is something, that we should see what we do, is that, because
sometimes, you know, we should understand the construction sequence very well,
because the implementation of the construction sequence is very important, and if there
is a mistake in one place, it could lead to cascading effect, and then, it the whole project

may have difficulties.

In this technique, we have a drainage blanket, sand drainage blanket of about 60 to 80
centimeters thickness of the saturated ground to provide for working platform.
Installation of drains generally 5 centimeters an equivalent diameter, like you know,

whatever, as well as of relief wells from sand we do that.

Installation of closely spaced horizontal drains at the base of the sand blanket using a
special laser technigue to maintain them horizontal; in fact, all along that at the top itself,
like we have horizontal drains, you know, here the thing is that, you have this particular
area, you need to collect all the water, that comes at the top, essentially we can only

provide the drainage at the top.

So, we collect water, and then because of that thing, we just collect all the water, and so,
we need this horizontal drains, and in fact, people have used lot of sophistication here in
terms of using this laser techniques to maintain them, that they are horizontal, and so,

they both horizontal drains, and there are transverse, there are linked.
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Equipment and Construction Process

The Vacuum Caonsaolidation construction process involves

5. Excavation of trenches around the perimeter of the

preload area to a depth of about 50 cm below the

groundwater level and filled with an impervious Bentonite

Polyacrolyte slurry for subsequent sealing of the

impermeable membrane along the perimeter.

6. The transverse connectors are linked to the edge of the

peripheral trench. They are then connected to a

prefabricated module designed to withstand future_pressure

due to the vacuum.

7. Installation of the impermeable membrane on round

surface and sealing it along the peripheral tre The
brane is delivered to the site yfolded - in

@snts of approximately 1000m?, .
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And excavation of trenches around the perimeter of the preload area to a depth of about
50 centimeters below the groundwater level, and filled up with an impervious Betonies
Polyacrolyte slurry, for subsequent sealing of the impermeable membrane along the

perimeter.

In fact, as | just mentioned, we were trying to provide the geo-membrane layer, because
you know, the, it should be a sealant, what we are trying to do is, a putting a sealant
there, and then, you know, vacuum should not that capacity, should be, you know, very
good, all that area in that area whatever you are trying to have that area the vacuum

should be very effective, then only it is possible.

So, that is a reason, when people have perfected this vacuum technology, then it has
become possible. So, what they are trying to do is that, they are trying to have the sealing
of the impermeable membrane along the perimeter, all whole perimeters, it has been
sealed. Transverse connectors are linked to the edge of the peripheral trench, they are
then connected to prefabricated module designed to withstand future pressure due to

vacuum.

Installation of the impermeable membrane on the ground surface, and sealing it along the
peripheral trenches, the membrane is delivered to the site folded and rolled; actually, we

have a, the geo-membranes are normally delivered on to the site.
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Equipment and Construction Process

The Vacuum Consolidation construction process involves
(Cognon et al, 1996)

The membrane elements are welded together and laid in the
peripheral trench where they are sealed with the Bentonite
Polyacrolyte slurry. The trenches are backfilled and filled with

water to improve the tight sealing between the membrane and
the Bentonite Aquakeep slurry.

8. Vacuum pumps are connected to the prefabricated discharge
module extending from the trenches. The vacuum station
consists of specifically designed high-efficiency vacuum pumps
acting solely on the gas phase in conjunction with cﬁh!entinnal
yERgum pumps allowing liquid and gas suction. -

T

Then actually sometimes the membranes elements should be need to be welded also, and
they are sealed with Bentonite Polyacrolyte slurry, the trenches are backfilled and
actually filled with water to improve the water tight, the tight sealing between the
membrane and the Bentonite aqua keep slurry. So, vacuum pumps are connected to the
prefabricated discharge module extending from the trenches, the vacuum station consists
of specially designed high efficiency vacuum pumps; actually, vacuum pumps, you

know, the technology is so good now a days.

Acting solely on the gas phase in connection with conventional vacuum pumps allowing

the liquid and gas suction.
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The process combines dewatering and vacuum action to
maintain the water table at the base of the granular platform
during the entire application of the consolidation process.
Eventually an additional drainage system is installed at a
required depth to allow for a conventional de-watering
under the membrane. Indeed, the fill will maintain a non-
submerged action even when it has sejtled below the

original ground water level. Therefore, with this technology,
unlike the case of a surcharge preloading, the load intensity
will not decrease during the vacuum application. The
discharge drains are manufactured by extrusion of
cylindrical and perforated PVC Use of a suitable filter cloth
with proper filtering properties to cover the perforated PVC
avoids infiltration of sand and fines during vacuum
i application. The discharge drains are brought to the surface
very 150 meters spacing where they are connected by
“rransverse drains to the vacuum station

So, you have this, a process in which you apply this vacuum.
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Conceptual Design

Vacuum-assisted consolidation provides an effective
alternative to surcharging for pre-loading soils. Instead of
increasing the gﬂac'&ve stress in the soil mass by
increasing the “total stress, using a conventional
mechanical surcharging, vacuum-assisted consolidation

preloads the soil by reducing the pore pressure while
maintaining a constant total stress.

And the, this is like, the this is very effective, and people can, you know, conceptually
design this using, you know, one can, if you want to really, you know, once you know,

how it works.

So, the objective has been to just create a balance between the preloading, you know,
like you know preload, you do not want to have too much of preload, you want to take



advantage of the effective stress increase. You would like to take advantage of the
effective stress increase; so that, the total stress net is increased, as | just mentioned the

total stress also increases.
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Technology Assessment

The efficiency of this technology has been demonstrated
under different site conditions where it has successfully
provided cost effective solutions to substantially accelerate
the consolidation process while leading to significant
savings in project costs.

Unlike the case of a conventional surcharge, VCP does not
raise any slability concerns, while resolving the
environmental problems associated with the conventional

method of surcharge preloading.

The vacuum consolidation technique is often com with
surcharge preloading either by placing an | ional
gackfilling surcharge or by using water placed of

Lthefimpervious membrane.
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So, this is what the actual concept that we have is, and a technology, if you want to say
was it effective, yes, it has been very effective in many places. And the main thing is
that, it does not really have any stability issues, because particularly, you know, you are
trying to get the thing is, when, why you are going for this sort of technology, is that, in a
place, where there is a full of soft soil to get preloading material is quite expensive,
maybe with water you can preload, but you know water, the density being 10 kilometer
per meter cube, and the people do it all sorts of loads, you need to apply, but then to get
the loads, you know, you may have to get the aggregate from different places, and all

that it is environmental issues.

So, that way what we mean is that, vacuum consolidation technique has been quite

effective, and you place, you can also place the surcharge you know.
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Technology Assessment

The major practical advantage of the vacuum
consolidation is that it generates in the granular layer an
apparent cohesion due to the increase of the effective
stress and the granular layer provides a useful working
platform to accelerate the surcharge backfilling process.

Experience indicates that within days after vacuum pump
is turned on, construction vehicles can maneuver on the
top of the membrane.

So, it has been another advantage, has been that it has an apparent cohesion in the soil
layer, top layers also as | just mentioned. If you make proper connections, you can also
have a some sort of apparent increase in the cohesion, due to increase of the effective
stress, and you know, in a granular layer itself, like you know, you are, what you are
doing is, you are trying to create some sort of negative pore pressure, negative pore
pressure increases the strength of the soil. So, you, if you understand this concept, yes it

IS very easy to do this.

So, the experience indicates, that within days, after the vacuum pump is turned on
construction vehicles maneuver on the top of the membrane. In fact, as | just mentioned,
during the construction process itself, like if you are trying to have this vehicles, you
know, they should must be able to move around, and with little bit of suction, if you can

increase the effective stress, so that, the vehicles can move, it is fine.

You do not need to have big surcharge, and also consolidation, and effective stress
increase, and bearing capacity issues, you can just apply proper suction, what is the load
coming from the construction vehicles on to the soil, you calculate, and if the, you are
able to maintain higher effective total stress, because of the vacuum then it is fine. So,
you are able to, you know, you have a higher resistance strength is higher than the load

applied; so, you can see that, that can, that combination can be done.
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CONCLUSIONS

Vacuum consoclidation is an effective means for
improvement of highly compressible soft soils. In essence,
vacuum consolidation can yield an effective equivalent
preload of about 4 to 5 m of conventional surcharge fill.

A combination of conventional surcharge with vacuum
application can yield much higher equivalent preload.

Experience from US and China,. and the case histories from

France indicate that this ten:;l'n'u:-h:igjh can be applied cost

effectively under various challenging ste conditions.

In certain difficult site conditions where the stability under
the conventional surcharge is of concern, VC to
cost-effectively accelerate the consolidation

compared to conventional stage loading.

L€

So, it is an effective technique that can be useful for the highly compressible soils, and it
can be useful for about 4 to 5 meters definitely very useful. And the, an experience in US

and China has been, that it is very good, and people have been working on this further.
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CONCLUSIONS

In Europe, the engineering use of vacuum consolidation is
currently rapidly expanding and it is of interest to note that
this technology has been used to cost effectively replace
conventional surcharge preloading for the development of
about 57,000 m? of industrial on land applications at the
Channel Euro Tunnel Terminal,

On-land applications are most suitable for soft soil sites
with shallow ground water level.

Presence of stratified soils can render wvacuum
consolidation ineffective unless deeper vertic -off-
systems are installed. Recent field trials also in that
on-land vacuum consolidation combined with ering
can be an effective solution to further acce’ the
@:ﬁ;ﬂl':datim process.

)

So, | am sure, that in the coming days people have in a particularly geotechnical
engineering professionals will pick up this technique, particularly in many of the
developing countries. And actually, there is another small nice case study here; in
Europe, actually they have tried to use that in particularly on one of the applications, they
were able to really, you know, replace the conventional surcharge preloading for the
development of about 57,000 meter square of the area in some place, you know, in one

of the areas.

So, that way pre loading using this vacuum consolidation has been effective, and it is
also very effective for places, where you know, you have a soft soil sites with shallow
groundwater table, when difficulty is that, if you have stratifies soils like different layers,
then there could lead to some difficulties, but I think still people have been able to use

this technology in a comfortable way.



(Refer Slide Time: 09:38)

Acknowledgments
http:/iwww. haywardbaker.com/

http:/fww. menard-web.com/

Haussmann M R (1990) Engineering principles
of ground modification

SFE Mumbai

So, | must thank many of the, you know, where | could take down some materials from
this, and also the some companies, and Haussmann book, which where | took lot of

material, and also from the Soham geotechnical group which have the prefabricated

vertical drains material, they were able to share with me.



(Refer Slide Time: 10:06)

Dewatering

So, now, | would like to take on what is called, the, another lecture that will go, where
we talk about dewatering. Actually, this, what we did in the previous case was also
dewatering, in the sense we removed water and increased effective stress. So, dewatering

is a standard means of increasing the strength of the soil.
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Outline of Presentation

* Introduction
* Applications
* Design

* Examples

So, what do we do here is that, again we will talk about even say in a conventional
foundation areas, how do you do this, maybe soft soils are there in a many places,
elsewhere across the coastal lines, and some interior areas or at leg beds, and other
things. But how do you handle groundwater problems is what we will see it now, and |
would like to show you what exactly it means, and we will talk about some applications

as well some examples, and why do you need dewatering.

(Refer Slide Time: 10:57)

Purposes for Dewatering

* For construction excavations or permanent
structures that are below the water table and
are not waterproof or are waterproof but are
not designed to resist the hydrostatic pressure

* Permanent dewatering systems are far less
commonly used than temporary or construction
dewatering systems




Dewatering essentially is that, particularly in urban areas, when you are trying to
construct or make excavations below the water table, and which are, you know, the
difficulty is that, you, it is very difficult to design the, you know, structures to take care
of the hydrostatic pressures; normally, you design with gamma b into height, you know,

the pressure acting at any point is, you know, gamma b h square by 2.

But then, if you have water also, then water pressure also gets added to that, you know,
gamma w, you have to add plus gamma w h square by 2 again. So, the pressure is huge,
so, you do not want that to, you do not want to design for hydrostatic pressures;
essentially, what we do is that, we do not want to design for hydrostatic pressures, and
we would like to dewater the whole thing or see that the drainage occurs properly, that is

our objected.

So, permanent dewatering systems are far less commonly used than the temporary or
construction dewatering systems. In fact, permanent dewatering to maintain is not easy,
like in a building, you have a, you have to just to continuously dewater, it is going to be

expensive, the house owner will not be comfortable.

So, what we have to do is that, we have to have some sort of systems, which are very you
know, how do you dewater actually first, how do you maintain that and see that the
buildings are waterproof or they have a full drainage, all that we should see.

(Refer Slide Time: 12:32)

Common Dewatering Methods

= Sumps, trenches, and pumps
= Well points

= Deep wells with submersible pumps

® £




So, what are the common dewatering techniques, you must have seen in places, we are
familiar with them, like you have a sump, you have a trench; you have pumps well

points, deep wells with submersible pumps.

So, normally we use a combination of many of these things to dewater, say for example,
the water table is at the ground, ground level, and you want to construct foundation at 3
meters level, what you are doing. So, you have to really take down the water table to
below 3 meters, maybe 3 and half to 4 meters. So, you have to make suitable
calculations, and see that, that you can make calculations of how much of the discharge
of water should be removed from the area, you know, which are the influence area, and
all that, and how do you calculate, how do we store that water, how do you connect the

pumps, and also the pipes, for all that, all that we should understand right.

(Refer Slide Time: 13:30)

Sumps, Trenches, and Pumps

= Handle minor amount of water inflow

= The height of groundwater above the excavation
bottom is relatively small (5ft or less)

* The surrounding £oil is relatively impermeable
(such as clayey soil)

So, sumps, trenches and pumps, one can handle reasonably a minor amount of water

flow, and the ground water table above the excavation, bottom is you know, say for
example, you have an excavation level at three meters or some you know. So, the
excavation, you have a small height of maybe 1 and half, 2 meters, one can handle with
this.

And in the surrounding soil is relatively impermeable, you know, if the surrounding soil

is very good, like is a good drainage material there is no problem at all, but if the soil is



surrounding soil is not clay, like water is not going at all, so you have to remove the

water.

(Refer Slide Time: 14:09)

Wet Excavations

= Sump pumps are frequently used to remove surface
water and a small infiltration of groundwater

» Sumps and connecting interceptor ditches should be
located well outside the footing area and below the
bottom of footing so the groundwater is not allowed

to disturb the foundafion bearing surface

* In granular soils, it is important that fine pa s no
be carried away by pumping. The sumpi(s)
lined with a filter material to prevent or minifga® loss
of fines

£

So, sumps pumps are frequently used to remove surface water and a small amount of
infiltration of the groundwater. Sumps and connecting interceptor ditches should be
located well outside the footing area and below the bottom of the footing; so, the
groundwater is not allowed to disturb the foundation bearing surface.

In fact, if you are trying to do the concreting, you want to have it dry, you go to some,
say for example, somebody is constructing an apartment and basement, say first five
meters, there is no water, but after that next 5 meters, there is a water table, then that man
has to take that foundation, he has to start from that point; so, you need to dewater, say
for example, it is a foundation level is at minus 10, the water table should be much down
like minus 12 or minus 11, one should calculate, because it depends on the draw down,

you have to create a draw down situation.

And see that you know, when you are trying place a concrete or trying to have this
foundation bed, you know, you do not have a difficulty, otherwise, you know, the thing
is, if the during the placement of the concrete for the foundation itself, there is a problem

of differential settlement, it is going to be very risky, you do not want that. So, what we



do is that, we do not want, we want water table below the bottom of the footing that is
the important thing.

And in the granular soils, it is important that fine particles will not be carried away by
pumping actually in some sometimes, what happens, that you try to pump; so, the fine
particles they have a tendency to come out, because you know, because of the pressure,
that you have harder particles or bigger size particles will stay back, but then the small
size particles get collected; so, you need to filter them out. So, that is a reason why
sumps maybe lined with a filter to prevent or minimize loss of fines, this is very

important

(Refer Slide Time: 16:06)

Dewatering Open Excavation by
Ditch and Sump
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This is what is an example, in facts, it is an initial water table level, and this, you would
like to lower the groundwater table, you have a system like this, see you have a sump

here, you have a, you have a, made a ditch here, you have a sump pump here.

Actually, these are all copy; | mean, in the sense, these are all, you know, extracted from
the technical memorandum of the U S corps of engineers. It is in a valuable document,
that one needs to see, and in fact, this is also one of the contributions from many of the
people, that they could make some of these ideas and useful to people who need

dewatering.
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Well Point Method
&

* Multiple closely spaced wells connected by pipes
to a strong pump

* Multiple lines or stages of well points are required

for excavations more than 5m below the
groundwater table
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So, that is pump sumps in one, well point method. In fact, there is another important
thing, like if the water table is somewhat, you know, it is the depth of water, I mean,
removal of water is going to be high; he need to go for, you know, say for example,
below 3 or 4 meters you need to have this. So, in the well point system what we do, we
have a multiple closely spaced wells connected by pipes to a strong pump, you have a
number of pipes connected to a strong pump, then multiple lines or stages of well points

are required for excavations more 5 meters below the groundwater table.

In fact, there was one side, that | was visited, like below next to the, see for example, you
are trying to construct a nice resort next to a sea, but you know, there is a water table all
the time right, the, there is all the, all the time water, but you know, but you are trying to
construct a foundation. So, you have to really doing the process of dewatering, you
should have well points well points, we will see that, and it is a very elaborate
preparation, because suppose you have to constructing for about one year, in during one
year period all that dewatering should be perfect, like all the system should be working
correctly, particularly there is a rainy season, it should be really you have to see that it

works very efficiently.
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Single Stage Well Point System
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So, for example, there is a single stage well point system, like you have a well point here.
So, this is the original water table and this is what the bottom of the foundation; so, you
have the water table like this. So, these are all connectors, and all that, this is from
Caltrans California department of transport, and this is the header pipe, and all that you

can see a typical arrangement here.
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Single Stage Well Point System




This is a typical example, like you have a static water table, and you have a system like
this, you have well point here, you have another well point here, and so, the groundwater

table, it has come down compared to the previous static water table level.
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Deep Wells with Submersible Pumps

* Pumps are placed at the bottom of the wells and
the water is discharged through a pipe connected
to the pump and run up through the well hole to
a suitable discharge point &

* They are more powerful than well points, require
a wider spacing and fewer well holes

= Used alone or in combination of well p-nirﬁ
L
-
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So, this is what we need to do. So, there is another one which is called deep wells with
submersible pumps; here the pumps are placed at the bottom of the wells, and the water
is discharged through the pipe connected to the pump and run through the well hole to
suitable discharge point. See all the pumps are at the bottom of the wells, and the water is
discharged through the pipe connected to sump to the pump, and no essentially we will
see that, they have, they are more powerful than the well points, and require a wider

spacing, and fewer well holes used alone or in combination with well points.

Actually deep wells, you know, you have to go for a very deep well put a submersible
pump with which means, it can be, you know, it is, you can even put under water and all
that. So, you have a suitable discharge point, all that one should calculate properly.
Actually you have see the thing is depending on the depth of depth, and a water that you
are expecting to be removed, you have different varieties of methods here, and it is very
important that, see they are all flexible, like depending on the situation, you must be able
to see that the their combination can be used.
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This is very important, because how do you dewater and what type of soils can have
what method, say for example, this is a grain size distribution U S corps of engineers;
this is a fine grain size distribution like 0.001 to 0.01, 0.11. So, these all gravel, this is all
sand, and this is silt, and clay. you can see that, if the material is like in this gravel, you
know, gravelly material subaqueous excavation or cutoff maybe required, you know the
thing is that, sometimes if you have a cutoff wall, sometimes it may be all right, because
the pore size being bigger, and all that, and there is one case that, but still, there, you
know, you need to still dewater here.

Here, you know, particularly why I am mentioned is that, what we call there is a, you
know, you have to have what is called, you can see that, there is some range of particles
1t0 0.01, 0.1, where there is a gravity drainage, like you know, you can by gravity alone
you can remove the water. And so, here you have wells or well points, and essentially
what you are doing is, you have a well point at the bottom, and it is, it creates that
suction and the water starts going towards that, you are trying to create a field of a point
of attraction. So, that water goes towards that, it is not against gravity one should
understand that, that you are trying to see go to lowest bottom most point, and then try to

draw the water.

So, when the process, what is that you are trying to create a gravity field, and so, that

works very well for wells or well points, and if the grain size distribution, you know, you



have to do a grain size analysis of the soil area, and then, if the grain size distribution is
in this range, definitely gravity is worth and well points, and all this things will work

very efficiently like, you know, sand medium fine to medium sands.

But gravity, you know, if the grain size distribution is little low what happens, the
gravity, you know, the effects are not really that dominant, and sometimes you know, if
the grain size distribution is very less like 0.07- 0.75 microns or something gravity

drainage may not be possible; so, you might have to apply vacuum actually.

We can see that, you need to even align, no, you can apply suction pumps, you know,
even | have, you know, even the laboratory we have, so then, if the, it is too much of fine
material electro-osmosis, like you know, if the thing is that, we know that clays are
negatively charged, and you try to remove some ions along with cations, water starts
coming out something like that.

So, you have electro-osmosis also. In fact, lot of work was done on this lines and one
should be able to understand, that is the method appropriate, of course, is just say for
example, one should understand how do you design this well points or you know wells

or well points are this system.
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Permanent Groundwater Control
System

So, we will see that some applications; this is a very important application, again you
know, this is a, see you have some places, this is may be a basement and this is a



permanent groundwater control system. In places, some places what happens is that, you
need to have, you know like I have seen, you have to design the base of these, you know,
like foundation; how do you design, actually the thing is that, there is lot of water
coming up, you know, you have to design for the water pressure, like there is an uplift

pressure that is created.

Suppose there is a 5 meters of water, and then, at you go down, it is 5 meters into that
unit weight of water, that much of pressure is coming up, you know. So, if you place a
foundation there, there is so much pressure acting, so you have to design, say for
example, you have a raft foundation in some place, you have to design people design for

the uplift pressure also, that is called uplift pressure.

So, in big areas, and all that, that is, so people design, you have like you know as high as
3 meters 4 meters thickness of the concrete is quite common. In fact, there is a couple of
enquiries and how to reduce this thickness of the concrete, you know, if when, it is 2 to 3
or 5 meters, it is too huge, how do | reduce this pressure. Because | am designing it for
uplift, actually the uplift is maximum pressure acting and that is the worst condition one
of the conditions that | should consider, because the uplift should not be creating any

problem.

So, in that case, this is an example, you can see that, this is the initial water table, and
you have a pump and sump system, and assume that, you have a, like you know there,
there is a piezometers here, there are two piezometers here, then you need to have relief
wells. Suppose, actually you know this wall, this is a typical illustration of how it can be
done and there is an artesian flow, what they created was, relief wells were created here;
relief wells it means, there is a like you know, you as, you go down there is lot of water,

water pressure is there.

So, you would like to create all that removal of water pressure should there. So, you
create some sort of sand drain type of thing or you can even put a prefabricated vertical
drain here, it is very interesting; even you know this, you can create a particular
prefabricated or any drain, and then, see that the earth pressure, you know, whatever is a
water pressure gets, it comes up, it gets released, and it comes as a water here, and then it
gets pumped, and all that, and then you can see that, it just goes up to the pipe, and then

it gets discharged here is it not.



It is very simple, that say the estimation of water pressures are quite, like. So, you need
to really, you know, gamma w into height or the depth, say for example, say for example,
the initial water here, the initial water table there is no problem, but you brought down to
this level, and you are trying to put this foundation. So, at least from here to this level
there is a, this much of pressure, you know, at least a few meters down, that pressure will

be created.

And you should also release this artesian pressures you know, you know, because there
will be always this pressures, that could lead to difficulties. So, you should see that, this
is also released, so what happens in this process is that, the water table gets lowered, you
know or gravity flow, you can see that at this point, it is at this level, it, then it goes like
this, all the water comes here, then it enters this sand materials, and all that, and you have

a system of this thing and then it gets removed.

And you can also see that, you know, it is all, you know, little, it is made impervious. So,
that, you know, water table, you know, in this case, of course, there is maybe impervious

nature of silt in the sense.
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Deep Wells with Auxiliary Vacuum System
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Essentially, one can design a system of permanent groundwater control also is what, it
shows, there is another example here, like you have a sand, stone, alternate layers of, you

know, this which can occur, you know, because of the deposition sequence in nature.



You have alternate layers of clay silty sands, silt weathered, sand stone silt, and all that,
it is quite natural, and objective is like, suppose you are trying to make a shaft, vertical

shaft anything, you know, like you see that this is a thing.

So, you would like to see that, again you create a deep well with the auxiliary, you know,
why you know, why this is vacuum system is required as | just mentioned, you have
clays, also clays and sand stones and all that to increase the efficiency of the whole
process. So, initial water table level is here, so, you have a submersible pump here, then
when it starts working, like you know, the water table level can come down to this level,

this is what it means.

(Refer Slide Time: 29:44)

Buoyancy Effects on Underground
Structure
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This is what | was just mentioning, that you have a water buoyancy effects on
underground structures. So, structure bearing pressure, maybe say 10 ton meter per
square or 15 ton per meter square, but then there is an uplift pressure. So, you have to
design this system properly that is very important.
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Recharge Groundwater to Prevent
Settlement

This is another interesting example, In fact, for Bangalore metro also, they were trying to
checkup with us, if this is possible, recharge the groundwater table to prevent settlement,
actually why settlement occurs is because you would with remove water, when they, we
remove water, water is removed what happens, there is a difference, there is a two
footing here, and when you remove water, actually the rate of water remover is higher

here compared to this.

So, definitely there is an effective stress higher here, then this definitely the there is a tilt,
you know, sudden change in the effective stresses, there will be some changes in because

of the changing the delta sigma, sigma you have more settlement.

So, suppose you are trying to construct an underground station here. So, you do not want,
like you do not want that, so you are trying to construct a retaining wall here; you are
trying to construct a retaining wall here, but then, there is a water table here, how do you
construct the retaining wall, and then you have a water table, how do handle this the
metro line has to go here, it is a very complicated problem, what should be done is that,
you know, say for example, | have, actually we are able to do that to some extent, say in

some, you know, example, | was able to suggest them, this is the water table.

Now, | would like to see, | use actually soil nailing for retaining wall systems; suppose, |

just put a nail here, like you know, | cannot put a nail here, because there is already



water. So, what | do is that, the, | just little, you know, the release | mean, the dewater, a
bit and then put the nail.

Actually, the thing is that, we should do this nailing operations so fast, that you can see
the thing is that, the nailing sequence is quite fast, like you know, you excavate put nails,
suppose I, this is say for example, this is 5 meters depth, | can dewater this whole thing
in a process of very short time, and also insert nails, and allow the water to go back or
sometimes additional water can also be pumped in to see that, water table close to this

foundation is maintained. In fact, you can even construct a cutoff wall here.

See that this will not create too much problem, say for example, if the water table goes
down below this footing, that is a problem; so, you try to maintain that, and see that, it
likes a tub of water is always maintained next to this footing of the same level. So, one
can do this so, but then, one should be very careful. So, what are you doing here is, you
are trying to recharge the groundwater table to prevent settlement, this is very important

this. In fact, L and t, and | do not know, what will happen to many of the projects.

So, they are looking at it very seriously, because you have, so many existing structures
already, and because of these metro operations, there should not be any difficulty. So,
one should to be able to either isolate this area, So that, the water table changes are not,
will not affect this buildings, and also see that, this is area is you have to do the retaining
system also.
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Sand Drains for Dewatering A Slope
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In the case of slope, how do you do, this it is very important again, because you know
that, this is a slope which exists, and you want to calculate the slope stability like already

the initial original water table is here.

So, when it is saturated water table, the problem is | mean, it is not easy, actually waters
keeps on coming on to the surface, you know; so, you are trying to make an excavation
here. So, what you should do is that, you have to really like again lower that, you know,

you have a well here sufficiently lower, it like this.

Properly you, actually you should be able to understand the geology of the site properly.
So, that you put a proper well system here, and also one sand drain system here. So, you,
this well is able to remove the lower, the water table this also helps to some extent. So, in
the process, what are we trying to do is that, say for example, you can see that in the
absence of the well maybe the water table is like this, but because of this sand well or a

drain you are able to little bit lower.

So, in fact, if you are able to see that the actual, you know lowering is much below this,
you know, this is a actually tau of the slope tau of the slope is a very weak point in a
slope the possibility is that, if water starts coming, then there could be a possibility of

failure. So, we should really dewater to such an extent that water table is here. So,



whatever this is a typical example and one can really do short of a good dewatering

system on these lines.
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Grout Curtain or Cutoff Trench
around An Excavation

So, this is another example, as | just mentioned grout curtain or cutoff trench around an
excavation. Here grout curtain or the cutoff trench is, it can be with a Bentonite, it can be
with a | mean, it can be with cement slurry, sand cement plus Bentonite, there are
different slurries there, one can, you know the objective here is that, this is a original

water table, and this is a actual area that you want, that water it should be water free.

You want to have this water free, like maybe you want to construct a big mall here. Let
us assume that, you are constructing a very big mall and you are trying to have a nice
green setting here with some parking, and all that and whatever. So, one can have
anything, and what is that we did here, we can do here is that, it is just that first thing, is
the water table level should be very much lower, is it not, that is our prime purpose, and
how do you do that, we have a deep well here with a proper capacity. In fact, you should
calculate, how many numbers of wells are required, what is its discharge capacity, what

is the volume of water that you are handling?

This is so much of, see the thing is this, at least this much of water is removed, like the
whole area into that, that much meter cube of water, that where is it going, you know,

you have to have a proper drainage system, because that is very important, and you can



see that, here you are able to lower to this point using this two material. And also you
have a piezometers which will tell you that, yes, is a water table, you know, the you
know, it will give you how much of water hide is there, like is it 3 meters or 2 meters, it

will give in water hide.

And so, if it is going to be more, then you should be worried, because there it is going to
touch. So, you must be able to control this by suitable pumping, and operations, and you
also have in the other thing, that the, so that, it does not lead to lot of variations in water
table, because this is a sandy layer, you know, it should not, say for example, there is lot
of rains there, you know. Suddenly rains come, and then the problem is that, suddenly
water table starts rising, but the problem is that, if we have a good, | mean, if you have

nice grout curtains on either side, grout curtains on either side the possibility is less.

So, like you know, the water takes more time, and you know, you have, gave some sort
of technology or some sort of method, in which you can handle to see that, the pore
pressure or the or the which is measured from these piezometers can be low, that is a
actual point. How do you go about design is something, that we should see, because
sometimes | know that, there are many constructors in India, but you know, in fact, they
have been doing, in fact, I, we get lot of enquiries, you know, they have, say for
example, in some place, nearby they have they have to go for in a excavation of about 18
meters, and the water table at 9 meters, because 18 meters is something that you know,
you have, want to have you know basement parking, and all that there is a good, you

know, the because of the land value that it has.

You need to really go ahead with construction, because since the water table is there at
10 meters, | cannot say that, | cannot go beyond that below that. So, one should be very
careful and people are ready, because whatever you recover in that process, like if the
pumping costs are, you know are, but your business is much better, many times higher,

then it is fine, that is what people have been doing.
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Design Input Parameters

* Most important input parameters for selecting
and designing a dewatering system:

- the height of the groundwater above the
base of the excavation

- the permeability of the ground surrounding
the excavation

So, how do you design this is something that, one should know, and what are the
important parameters, the height of the groundwater table above the base of the
excavation, then the permeability of the ground surrounding the excavation; so, these
two, like what is the height you would like to handle. What is the permeability of the,

this is an engineering parameter, this is our own technical requirement.
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So, depth of required groundwater lowering, the water level should be at least about 2 to
5 feet below the base of the excavation, this is, it should be some sort of design criteria

you have, because you cannot do concreting here, this is a well point here.
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Methods for Permeability

* Empirical formulas

» Laboratory permeability tests

Accuracy
= Borehole packer tests

N Cost
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So, now, how do you get permeability, because that is an engineering parameter, and
actually people use based on grain size distribution, we have some empirical formulas,
like if you know the d 10 of the material, I will get some k value, then you should do
laboratory permeability test, you have borehole packer tests, and field pump tests. Of
course, accuracy and cost will make it little expensive, but the thing is that, one should

really do good field test then using some empirical formula that is a bottom line.
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And how do you get them, in fact, we know, the, how do you calculate using Darcy’s
law, you know the velocity, and then it is equal to the proportional to the hydraulic
gradient velocity of water coming out of some of these thing is the proportional
hydraulic gradient, because that is a head of water acting. So, velocity you know, and
then the porosity is another factor, that you need to consider, and you can also calculate

the flow, flow of water that you should handle, all, the pump should handle this flow.
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So, these are all the typical values of permeability, you can see that, they are quite high,
it there is a big range of values, like depending on the type of gravel clean sand, fine to

medium sand, and all that, and many things are there.

=
ﬁ J
AN Permeability
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permeability coefficient, one can get in centimeter per second. So, this is some sort of
actually people have used, you know, see suppose, you go to a site, you measure the d 10
of the particle, like you know, you have, say normally we do against a distribution
analysis, you also measure permeability. So, if you are cover enough, you can plot all
like this, you have so much data, you know, in the particularly in field projects below
100s of grain size distribution curves, 100s of values.

So, if you are able to plot a curve like this, that can be used for the design basis in the
same, you know, you are handling a big site of 100 hectares, and you want to have some
understanding of that, you know, you may have understanding of shear strength
properties, compressibility properties, permeability properties, then in-situ test, all that
can be done. And for the same material, that you have, you can really plot some
relationship; | have this site, this grain size distribution there, what is the k value, it can

have; so, this is what one can plot this is very important.
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Constant Head Test
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So, you have constant head type of test, where you know, for sands, we use that you
calculate, you would get the discharge use the formula k L Q L by h A t area, say area of
the soil, t is the time of monitoring the flow for the required height. And you also have
falling height, height at a two different times, we calculate the height of fall, because
what happens is that, in permeability of the soils is clays are particularly so, low that
sometimes it is better to see what is the difference between two heads, what is a
difference between or the height of drop at two time intervals, and calculate the k value
knowing all the other parameters.
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Laboratory Test Methods
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Of course, we have many number of tests in codes, like you have what is called rigid

wall permeameter, in the sense that, what you do in the some, the consolidation testing,
and all that, you call it rigid wall permeameters, and it is typically for sands, and all that
we use, and we do not really recommend for low permeability soils. Say for example,
sands and all that, if you are trying to do, it is, but if the permeability is less than 6, we
try to go for flexible wall test, and what is the difference between rigid wall and flexible

wall, 1 will explain.
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Flexible vs. Rigid Wall
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In rigid walled, this thing it is a simple apparatus, you know, you have a tracks the
consolidation type of equipment, the, it is a rigid, it is a rigid, whereas, in a, you try to
measure in a triaxial testing, the rubber membrane is there. So, there is leakage of the,
say side wall leakage is another a big issue, actually say leakage along the side walls is
possible, especially if the soil sample shrinks; if there is some volume change in the soil,
then there is a problem. So, many may use double ring equipment to discount side wall

leakage.

In fact, there are some people, you know, consolidation rings are there. So, people have
been using this rigid walled permeameters to get k value, but it is better that people go
for flexible walled permeameters tests which are triaxial cells, there is no side leakage
and effective stress varies, because the other advantage of the, you know, like we know
the difference between a diaxial test and a a triaxial test, where under an effective stress,
you can calculate k value; what is a effective stress, you can find out and calculate k

value that is an important things.
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Rigid Wall Permeameter

So, this is a typical rigid wall permeameter, people can, you know, just if you have a
sample which is in has a rigid, this thing like. So, you can measure permeability, there is
no problem, but at the same time, like you know, you have all that arrangements for
pipette, and all that you have some more equipment like this, which are essentially for
rigid wall, like sands and all that even compaction permeameter, like you know,
essentially what you are trying to do is that, you put inflow and measure outflow. So, that

can be one and this is a typical type that you have.
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Compaction Permeameter

= uses standard 4 in and
6 in compaction molds

for falling or constant
head permeability tests




So, what are you trying to do here is that, you have the flow here rigid, this is, again
these two are rigid walls and water comes here, and then goes to the porous stone, and
comes like this, and these are all. So, these are all some equipment, that people have
been using edge flow, you know, sometimes there is a possibility, what happens that

edge flow is higher; we do not want corners, you know, leakage and all that.

So, one should be very careful in the assessment of the k values, particularly when you
are dealing with rigid walled permeameters, that is one thing, particularly when you are

trying to deal with clays.
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You also have what is called double ring permeameter, again it is an equipment measures

the permanent flow from the center, and the perimeter of the sample concurrently flow is

monitored with 2, 5 ml pipettes.
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So, again you know, that is one thing what is flexible is here, like as | just said triaxial,
different effective stresses, one can apply at the top and bottom, say for example, the
effective stresses could be different, and this we are familiar in a triaxial sample, there is
a flexible membrane is there, you have a bottom cap, and top cap, and measure the flow,

essentially you can measure the flow.
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So, there are some more equipment one can design, and it is not an issue at all, and
essentially permeability measurements are quite important, when you are deal with

drainage.
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Sometimes what happens, if the k the permeability values know, particularly in clays, it
is very difficult to do, and what see the, particularly there is a problem, you know, the
thing is that, the problem with associated with laboratory measurements of permeability
have come, | mean, about 10 to 20 years back, because you have a laboratory test results,
they give some k value which is minus 7 or minus 6 minus 7, but in the field, it is minus
4, like it is 100 times its more, and the thing is that, there is some, what we are doing in a
field lab was that to measure the k i value, the the k value, you apply lot of heads, high
heads, you know, high hydraulic gradients not less than 50, 40, we create, like if the
sample size is 1 centimeter, and you or base width is say 10 centimeters, you have at

least 10 times or 20 times ahead.

And then, the hydraulic gradient is very not practical, and so, we try to make it, | mean,
you know, to get some value, we try to increase high, but it leads to cracking in soil, like
you know, high heads, like you cannot sustain unrepresentative flow regime, like
particularly, where lab, you know, if you have high hydraulic gradient, it is not, then it

may lead to sometimes internal erosion.



Edge leakages in test apparatus, see sometimes all test apparatus cannot are not perfect,
and then, there is a possibility of side leaks. So, these are all typical values of hydraulic

gradients recommended.
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See the thing is one should not, say if the k value is in this range minus 3 to minus 4, the
hydraulic gradient should be maximum 2 or if it is minus 7, clay 30 hydraulic gradient
could be 30, but it should not be more, you know, what happens as | just mentioned
internal erosion of the soil particles takes place, and it leads to wrong values, like k
values will be totally, you know, sample would have failed, because internal erosion,
means, internal shear resistance is lost, there will be particles will be floating under the
water, and you measure permeability, and it will be very high value, it will be

misleading, it is not a equilibrium condition.
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So, that is a reason, you go for field testing, and the way that we do the field testing was

that is, that like you have two observatory wells and this original water table, and you try
to lower the water table, and h 1, h 2 are the observed values at a particular intervals of
time, and this observation wells are at distances r 1 and r 2, and so, what happens,

because of this, you try to measure periodically and there is a drawdown that occurs.
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So, how do you do this, of course, you have some sort of observation wells, how do you
do this in practice is something, that one should know, you have, like you have a pipe



here, you have a threaded cap, and all that, and sealed you have a, you know proper
system puddle clay or a Bentonite like. Actually this area, the water level, you know, it
should be in a water, it should be allowable permeable, you know, you can see that it is

slotted; here also you can see that, the top the bottom portion is slotted and there is a

plug.

So, waters enters here or you know whatever is that, you know there should be a
provision for water flow, so that, you are pumping out, you are the, you are removing the
water from that, and then this will measure the actually levels. So, this is an important
point in the observation levels; this is actually a standpipe, the standpipes with slots at

the bottom portion or wherever.

In the, if this is, the, if the area is here, wherever you place, if this area is permeable, then
have the slots there, see that the slotted area is in the permeable data, like sand and gravel
back, all that is there, and all that.
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Permeability from Field Pumping Test

Permeability

So, these are all some sort of expressions that one can use, like you know, the discharge
measured, and then r 1, r 2 are the radius, and then h 1, h 2 are the heights, the heads.
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So, of course, there are many equations, that people have developed, like this is a one

y |

l
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you know Dupuit-Thiem approximation for single well phreatic line, how it changes.
Actually this one thing is that, here h is this, what we saw was at any point, but this h is
related to this, where this head, at which, you know, this is actually the depth, actual

depth of the water table .

So, this is another expression that we have, where we have, so that way r naught is
related to that, like influence range we call it r divided by r naught is the radius, h is the
height, and the h w is the water drop at any point, and using this expression, one can
calculate g, and once you normally measure this q value, and once you know the g value,
you can get k. So, there is another expression for the height of free discharge surface,
there is some sort of equations that people have proposed, and how do you get this
influence range, some expressions are available r equal to like influence, that radius is in
this form, and depending on the k values, and the height of drop, and this is another

important thing, that | would like to just tell, and then close today with this lecture.
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Actually as | said well points, well 1, well 2, well 3, there are three wells, and then, this
point p at which water is to be removed, and then their distances situated distance are h
1,x1,x2,%x3.

So, our objective is you know most of the time, say for example, this is an underground
basement, you know, some place, you would like to excavate remove water, you know,
how much of water is to be there; so, you have to design well points, properly with the
distances, and you have an expression for it, p i k into H square minus y square by L nr
minus 1 by n, n is a number of points into L n x1, X 2, X n, and then circular arrangement

of wells.

Suppose you know this is one arrangement that you have, actually this is a special case
and if all the x 1, x 2, x 3 all are equal, and then you can use this expression, where a is a
radius, suppose you are trying to have a circular area or a rectangular square area, and all
that, you can just use a some sort of well points everywhere. And measure them, and
then see that you are discharging is in such a way, that, that y whatever is the y, you
know, y is you are trying to monitor this y, y and all that, and see that you are able to

design with well points proper system, and you have a multi wells here.

So, with this I think you are able to understand, what is this dewatering systems, and

actually, see the dewatering is an issue, and this is what we say you know, like as | just



mentioning that you have mechanical modification, you have a hydraulic modification,
means, you are trying to remove water, by removing water you are increasing the

strength of the soil.

And PVDs is one type, where you try to remove the soil, accelerate the consolidation,
and then design it properly, and then do that, that is one situation; in other cases, where
you know, you have to do dewatering this is one case, where one can effectively do this
using some proper concepts of permeability, and pressures, and some sort of design can
be given. And again you know, one should really measure monitor this, like you know,
we monitored settlements in pore pressures in the PVDs or sand drains, you have to
measure, again here water levels, and see that, whatever is designed, even everything has

to be monitored properly. So, with this I conclude thank you.



