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• Introduction to Engineering Ground Modification.

The Need for Engineered Ground Improvement: As more and more land becomes 
subject to urban or industrial development, good construction sites and borrow 
areas are difficult to find and the soil improvement alternatives becomes the best 
option, technically and economically.

Where a project encounters difficult foundation conditions, possible alternative 
solutions are:

1. Avoid the particular site. Relocate a planned highway or development site.
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2. Design the planned structure accordingly. Some of the many possible approaches 
are to:

- Use a raft foundation supported by piles,

- Design a very stiff structure which is not damaged by settlement,

- Or choose a very flexible construction which accommodates differential 
movement or allows for compensation.

3. Remove and replace unsuitable soils. Removing organic topsoil, which is soft, 
compressible, and volumetrically unstable.

This is a standard precaution in road or foundation construction.

4. Attempt to modify the existing ground
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• Objective of Ground Improvement Techniques

The most common traditional objectives include improvement of the soil and 

ground for use as a foundation or construction material.

The typical Engineering objectives have been:

1) Increasing shear strength, durability, stiffness. And stability:

2) Mitigating undesirable properties (eg. Shrink/ swell potential, compressibility, 

liquefability



Civil Engineering 5

• Objective of Ground Improvement Techniques

The most common traditional objectives include improvement of the soil and ground for 

use as a foundation or construction material.

The typical Engineering objectives have been:

1) Increasing shear strength, durability, stiffness. And stability:

2) Mitigating undesirable properties (eg. Shrink/ swell potential, compressibility, 

liquefability

3) Modifying permeability, the rate of fluid to flow through a medium; and
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4) Improving efficiency and productivity by using methods that save time and expense,

The engineer must take a determination on how best to achieve the desired goals required 

by providing a workable solution for each project encountered. Ground improvement 

methods have provided adverse choice of approaches to solving these challenges.

• Factors affecting choice of improvement method

1. Soil type : this is one of the most important parameters that will control what approach 

or materials will be applicable to only certain types of soil types and grain sizes

2. Area , depth and location of treatment required- many ground improvement methods 

have depth limitations that render them unsuitable for applications for deeper soil 

horizons.
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3. Desired/required soil properties- obviously, different methods are use to achieve 
different engineering properties, and certain methods will provide various levels of 
uniformity to improved sites.
4. Availability of materials- Depending on the location of the project and materials 
required for each fesible ground improvements approach.
5. Availability of skills, local experience, and local preferences- While the engineer may 
possess the knowledge and understanding of a preferred method.
6. Environmental concerns- With a better understanding and a greater awareness of 
effects on the natural environment, more attention have been placed on methods that 
assure less environmental impacts.
7. Economics- when all else has been considered, the final decision on choice of 
improvement method will often come down to the ultimate cost of a proposed method, 
or cost will be the deciding factor in choosing between two or more otherwise suitable 
methods.
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Identifying your soil type

Soils can be identified in to their general types by the way they feel and respond to 

handling...

Pick up a handful and squeeze it together. Sand feels gritty and the grains do not stick 

together when squeezed. Loam feels velvety or flour-like when dry and forms a weak 

ball shape when wet which crumbles apart when dry. Clay feels sticky, but goes smooth 

when rubbed. Chalk will have large lumps in it and be hard to mould.

• How to work with your soil

The most important thing is to identify your soil type and work with it, remember the 

golden rule All soil types have their good points and can be improved. Even the best 

loam soils will benefit from additional organic matter.
Civil Engineering 9



Civil Engineering 10

Heavy, Clay soil

This holds water, but also bakes dry in the summer. However, clay is very good at 

holding nutrients and moisture and very fertile as long as you can break it down with 

the addition of organic matter and grit. This will enable the roots of plants to get 

through to the nutrients more easily and of course make planting less back breaking for 

you. Try and avoid walking on the soil too much as this will compact it to a hard pan.
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Sandy soil

It loses water very quickly being particularly free-draining. However, you can 

improve both of these factors with the addition of organic matter and soil 

improver and of course, many plants thrive in a free-draining soil. It also warms 

up quickly in the spring.
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Chalky

This is alkaline so will not suit plants that require ericaceous soil. Some soils contain large 

clumps of chalk; others are a mixture of chalk and clay. It is normally free draining, but may 

be low in nutrients so as with the other soils the addition of organic matter will help with 

both the structure and nutritional content of the soil.
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Silt Soil

Many people think of loam as the intermediate between sand and clay, but midsized soil 

particles are referred to as silt. Silt soil is fine and feels almost floury to the touch when 

dry. When wet, it

becomes a smooth mud that you can form easily into balls or other shapes in your hand. 

When silt soil is very wet, it blends seamlessly with water to form fine, runny puddles of 

mud. Silt particles are very small, between 0.002 and 0.05 millimeters, which results in 

their very smooth texture. Silty soil drains well but not as quickly as sand.



Clay Soil

Clay particles are the finest of all the soil particles, measuring 

fewer than 0.002 millimeters in size. They stick together readily 

and form a sticky or gluey texture when they are wet or dry. 

When you gather clay soil into your hand, you can readily shape it 

into whatever form you want. It will form a ball that doesn‟t break 

when squeezed, or a thin, flexible ribbon when pressed between 

your thumb and forefinger.
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Loam Soil

Loam is not its own particle type but a designation for soils 
containing certain combinations of other particles. The way the 
other particles combine in the soil makes the loam. For instance, a 
soil that is 30 percent clay, 50 percent sand and 20 percent silt is a 
sandy clay loam, with the soil types before "loam" listed in the 
order their particles are most dominant in the loam. The labels 
“clay loam,” “silt loam” and “sand loam” are used to refer to soils 
that are composed predominantly of those ingredients.

Civil Engineering 15
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• In Situ and Laboratory Testing

ESG’s (Environmental, Social and Governance) geotechnical division offers 

a wide range of in situ and laboratory-based testing methods for the 

measurement of soil and rock stiffness parameters. In recent years the 

importance of soil and rock stiffness parameters in geotechnical 

engineering design has been increasingly recognized, driven in part by 

the requirements of EC-7 for calculating serviceability limit state 

conditions.
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• Borehole and surface seismic methods, such as down hole, cross hole, surface 

refraction and multichannel analysis of surface waves (MASW)

•  Seismic cone penetration testing (SCPT), a version of the down hole method 

where a seismic receiver is incorporated with conventional cone penetration 

testing (CPT)

•  Pressure meter testing using pre-bored high pressure dilatometer (HPD), self-

boring pressuremeter (SBP) and driven pressure meter (DPM) to carry out load 

displacement tests in boreholes
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• Advanced laboratory testing

• Alongside in situ testing, we also provide extensive sample analysis in our UKAS 

accredited computer-based laboratories:

•  Resonant column and simple shear apparatus, which provide soil stiffness 

and damping parameters over a range of strain amplitudes

•  Triaxial tests with local strain and mid-height pore water pressure 

measurement to obtain strength and stiffness properties, while significantly 

reducing the influences of sample
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• bedding, end effects and allowing a much greater degree of precision of stress and 

strain measurement, together with automated control of all stages of testing

•  Bender elements, either stand-alone or combined with other tests, to measure 

elastic wave travel times for calculation of wave velocities and stiffness

• In situ sampling methods: ESG offers a range of sampling methods to maximize 

undisturbed sample recovery in a variety of soil and rock ground conditions suitable 

for advanced testing methods, including:

•  Thin-walled open drive tube samples (UT100)

•  Thin-walled pushed samples (Shelby) and hydraulically-pushed piston samples

•  Block samples

•  Wireline rotary cored samples
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Various Lab Test on Soil

Soil inspection or say geotechnical inspection is very important in understanding the 

physical properties of soil and the rocks beneath. This is required to ascertain the type of 

foundation required for the proposed construction. Various tests are done to explore the 

sub surface and surface characteristics of soil .Some of these are given below. Just click on 

the link to go to the details of that particular test.
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1) Water Content – There are two tests which can be done to determine the water content 

of soil. These are

a) Calcium Carbide Method

Determining Water Content in Soil – Calcium Carbide Method

This test is done to determine the water content in soil by calcium carbide method as per 

IS: 2720 (Part II) – 1973. It is a method for rapid determination of water content from the 

gas pressure developed by the reaction of calcium carbide with the free water of the soil. 

From the calibrated scale of the pressure gauge the percentage of water on total mass of 

wet soil is obtained and the same is converted to water content on dry mass of soil.
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Procedure to determine Water Content in Soil by Calcium Carbide Method

i) Set up the balance, place the sample in the pan till the mark on the balance arm 

matches with the index mark.

ii) Check that the cup and the body are clean.

iii) Hold the body horizontally and gently deposit the leveled, scoop-full of the absorbent 

(Calcium Carbide) inside the chamber.

iv) Transfer the weighed soil from the pan to the cup.

V) Hold cup and chamber horizontally, bringing them together without disturbing the 

sample and the absorbent.
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vi) Clamp the cup tightly into place. If the sample is bulky, reverse the above placement, 

that is, put the sample in the chamber and the absorbent in the cup.

vii) In case of clayey soils, place all the 4 steel balls (3 smaller and 1 bigger) in the body 

along with the absorbent.

viii) Shake the unit up and down vigorously in this position for about 15 seconds.

ix) Hold the unit horizontally, rotating it for 10 seconds, so that the balls roll around the 

inner circumference of the body.

x) Rest for 20 seconds.
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xi) Repeat the above cycle until the pressure gauge reading is constant and note the 

reading. Usually it takes 4 to 8 minutes to achieve constant reading. This is the water 

content (m) obtained on wet mass basis.

xii) Finally, release the pressure slowly by opening the clamp screw and taking the cup out, 

empty the contents and clean the instrument with a brush.
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Determine the Plastic Limit of Soil

This test is done to determine the plastic limit of soil as per IS: 

2720 (Part 5) – 1985.The plastic limit of fine-grained soil is the 

water content of the soil below which it ceases to be plastic. It 

begins to crumble when rolled into threads of 3mm dia. The 
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apparatus used:

i) Porcelain evaporating dish about 120mm dia.

ii) Spatula

iii) Container to determine moisture content

iv) Balance, with an accuracy of 0.01g

v) Oven

vi) Ground glass plate – 20cm x 15cm

vii) Rod – 3mm dia. and about 10cm long
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PREPARATION OF SAMPLE

Take out 30g of air-dried soil from a thoroughly mixed sample 

of the soil passing through 425μm IS Sieve. Mix the soil with 

distilled water in an evaporating dish and leave the soil mass for 

nurturing. This period may be up to 24hrs.
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Procedure to determine The Plastic Limit of Soil

i) Take about 8g of the soil and roll it with fingers on a glass plate. 

The rate of rolling should be between 80 to 90 strokes per minute to 

form a 3mm dia.

ii) If the dia. of the threads can be reduced to less than 3mm, without 

any cracks appearing, it means that the water content is more than its 

plastic limit. Knead the soil to reduce the water content and roll it 

into a thread again.



Civil Engineering 31

iii) Repeat the process of alternate rolling and kneading until the 

thread crumbles.

iv) Collect and keep the pieces of crumbled soil thread in the 

container used to determine the moisture content.

v) Repeat the process at least twice more with fresh samples of plastic 

soil each time.



Civil Engineering 32

4) Liquid Limit Of Soil

This test is done to determine the liquid limit of soil as per IS: 2720 (Part 5) – 1985. The 

liquid limit of fine-grained soil is the water content at which soil behaves practically like a 

liquid, but

has small shear strength. Its flow closes the groove in just 25 blows in Casagrande‟s liquid 

limit device. The apparatus used :-
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i) Casagrande‟s liquid limit device
ii) Grooving tools of both standard and ASTM types
iii) Oven
iv) Evaporating dish
v) Spatula
vi) IS Sieve of size 425μm
vii) Weighing balance, with 0.01g accuracy
viii) Wash bottle
ix) Air-tight and non-corrodible container for determination of moisture content
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PREPARATION OF SAMPLE
i) Air-dry the soil sample and break the clods. Remove the organic matter like tree roots, 
pieces of bark, etc.
ii) About 100g of the specimen passing through 425μm IS Sieve is mixed thoroughly with 
distilled water in the evaporating dish and left for 24hrs. for soaking.
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Procedure to Determine The Liquid Limit of Soil
• i) Place a portion of the paste in the cup of the liquid limit device.
• ii) Level the mix so as to have a maximum depth of 1cm.
• iii) Draw the grooving tool through the sample along the symmetrical axis of the 

cup, holding the tool perpendicular to the cup.
• iv) For normal fine grained soil: The Casagrande‟s tool is used to cut a groove 

2mm wide at the bottom, 11mm wide at the top and 8mm deep.
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v) For sandy soil: The ASTM tool is used to cut a groove 2mm wide at the bottom, 
13.6mm wide at the top and 10mm deep.

vi) After the soil pat has been cut by a proper grooving tool, the handle is rotated at 
the rate of about 2 revolutions per second and the no. of blows counted, till the two 
parts of the soil sample come into contact for about 10mm length.

vii) Take about 10g of soil near the closed groove and determine its water content

viii) The soil of the cup is transferred to the dish containing the soil paste and mixed 
thoroughly after adding a little more water. Repeat the test.
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ix) By altering the water content of the soil and repeating the foregoing 

operations, obtain at least 5 readings in the range of 15 to 35 blows. Don‟t mix 

dry soil to change its consistency.

x) Liquid limit is determined by plotting a „flow curve‟ on a semi-log graph, with 

no. of blows as abscissa (log scale) and the water content as ordinate and drawing 

the best straight line through the plotted points.
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5) Particle Size Distribution Of Soil Determine Particle Size Distribution of Soil
This test is done to determine the particle size distribution of soil as per IS: 2720 (Part 4) 
– 1985. The appratus required to do this test :-
i) A set of fine IS Sieves of sizes – 2mm, 600μm, 425μm, 212μm and 75μm
ii) A set of coarse IS Sieves of sizes – 20mm, 10mm and 4.75mm
iii) Weighing balance, with an accuracy of 0.1% of the weight of sample
iv) Oven
v) Mechanical shaker
vi) Mortar with rubber pestle Brushes
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PREPARATION OF SAMPLE

i) Soil sample, as received from the field, should be dried in air or in the sun. In wet 

weather, the drying apparatus may be used in which case the temperature of the sample 

should not exceed 60oC. The clod may be broken with wooden mallet to hasten drying. 

Tree roots and pieces of bark should be removed from the sample.

ii) The big clods may be broken with the help of wooden mallet. Care should be taken not 

to break the individual soil particles.

iii) A representative soil sample of required quantity as given below is taken and dried in 

the oven at 105 to 120oC.
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Procedure to determine Particle Size Distribution Of Soil
i) The dried sample is taken in a tray, soaked in water and mixed with either 2g of sodium 
hexametaphosphate or 1g of sodium hydroxide and 1g of sodium carbonate per litre of 
water, which is added as a dispersive agent. The soaking of soil is continued for 10 to 
12hrs.
ii) The sample is washed through 4.75mm IS Sieve with water till substantially clean water 
comes out. Retained sample on 4.75mm IS Sieve should be oven-dried for 24hrs. This 
dried sample is sieved through 20mm and 10mm IS Sieves.
iii) The portion passing through 4.75mm IS Sieve should be oven-dried for 24hrs. This 
oven- dried material is riffled and about 200g taken.
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iv) This sample of about 200g is washed through 75μm IS Sieve with half litre distilled 
water, till substantially clear water comes out.
v) The material retained on 75μm IS Sieve is collected and dried in oven at a temperature 
of 105 to 120oC for 24hrs. The dried soil sample is sieved through 2mm, 600μm, 425μm
and 212μm IS Sieves. Soil retained on each sieve is weighed.
vi) If the soil passing 75μm is 10% or more, hydrometer method is used to analyse soil 
particle size.
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Measurement of soil density

The following method should be followed for the measurement of soil density:

i) A flat area, approximately 450sq. mm of the soil to be tested should be exposed and 
trimmed down to a level surface, preferably with the aid of the scraper tool.

ii) The metal tray with a central hole should be laid on the prepared surface of the soil with 
the hole over the portion of the soil to be tested. The hole in the soil should then be 
excavated using the hole in the tray as a pattern, to the depth of the layer to be tested upto 
a maximum of 150mm. The excavated soil should be carefully collected, leaving no loose 
material in the hole and weighed to the nearest gram(Ww). The metal tray should be 
removed before the pouring cylinder is placed in position over the excavated hole.
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iii) The water content (w) of the excavated soil should be determined as discussed in 
earlier posts. Alternatively, the whole of the excavated soil should be dried and 
weighed (Wd).

iv) The pouring cylinder, filled to the constant weight (W1) should be so placed that 
the base of the cylinder covers the hole concentrically. The shutter should then be 
opened and sand allowed to runout into the hole. The pouring cylinder and the 
surrounding area should not be vibrated during this period. When no further 
movement of sand takes place, the shutter should be closed. The cylinder should be 
removed and weighed to the nearest gram (W4).
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The In-Situ Dry Density Of Soil By Core Cutter Method

Determine The In-Situ Dry Density Of Soil By Core Cutter Method

This test is done to determine the in-situ dry density of soil by core cutter method 

as per IS: 2720 (Part XXIX) – 1975.The apparatus needed for this test is

i) Cylindrical core cutter
ii) Steel dolley
iii) Steel rammer
iv) Balance, with an accuracy of 1g
v) Straightedge
vi) Square metal tray – 300mm x 300mm x 40mm
vii) Trowel
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Procedure Determine The In-Situ Dry Density Of Soil By Core Cutter Method

i) The internal volume (V) of the core cutter in cc should be calculated from its 

dimensions which should be measured to the nearest 0.25mm.

ii) The core cutter should be weighed to the nearest gram (W1).

iii) A small area, approximately 30cm square of the soil layer to be tested should be 

exposed and levelled. The steel dolly should be placed on top of the cutter and the 

latter should be rammed down vertically into the soil layer until only about 15mm of the 

dolly protrudes above the surface, care being taken not to rock the cutter. The cutter 

should then be dug out of the surrounding soil, care being taken to allow some soil to 

project from the lower end of the cutter. The ends of the soil core should then be 

trimmed flat in level with the ends of the cutter by means of the straightedge.



Civil Engineering 48

iv) The cutter containing the soil core should be weighed to the nearest gram (W2).

v) The soil core should be removed from the cutter and a representative sample should be 

placed in an air-tight container and its water content (w)
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Procedure To Determine The Maximum Dry Density And The Optimum Moisture Content 
Of Soil
A) Soil not susceptible to crushing during compaction –
i) A 5kg sample of air-dried soil passing through the 19mm IS Sieve should be taken. The 
sample should be mixed thoroughly with a suitable amount of water depending on the 
soil type (for sandy and gravelly soil – 3 to 5% and for cohesive soil – 12 to 16% below the 
plastic limit). The soil sample should be stored in a sealed container for a minimum period 
of 16 hrs.
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ii) The mould of 1000cc capacity with base plate attached, should be weighed to the 
nearest 1g (W1 ). The mould should be placed on a solid base, such as a concrete floor or 
plinth and the moist soil should be compacted into the mould, with the extension 
attached, in five layers of
approximately equal mass, each layer being given 25 blows from the 4.9kg rammer 
dropped from a height of 450mm above the soil. The blows should be distributed 
uniformly over the surface of each layer. The amount of soil used should be sufficient to 
fill the mould, leaving not more than about 6mm to be struck off when the extension is 
removed. The extension should be removed and the compacted soil should be levelled off 
carefully to the top of the mould by means of the straight edge. The mould and soil 
should then be weighed to the nearest gram (W2).
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Five or more 2.5kg samples of air-dried soil passing through the 19mm IS Sieve, should 

be taken. The samples should each be mixed thoroughly with different amounts of 

water and stored in a sealed container as mentioned in Part A)
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C) Compaction in large size mould –

For compacting soil containing coarse material upto 37.5 mm sizes, the 2250cc mould 

should be used. A sample weighing about 30kg and passing through the 37.5mm IS 

Sieve is used for the test. Soil is compacted in five layers, each layer being given 55 

blows of the 4.9kg rammer. The rest of the procedure is same as above.
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Classification of Ground Modification Techniques

Four groups of ground improvement Techniques are distinguished:

1. Mechanical modification

2. Hydraulic modification

3. Physical and chemical modification

4. Modification by inclusion and Confinement.
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Mechanical modification

Soil density is increased by the application of

Short-term external mechanical forces, including Compaction of surface layers by:

• Static,

• Vibratory,

• Impact rollers,

• Plate vibrators.

Deep compaction by heavy tamping at the surface or vibration at depth.
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2. Hydraulic modification

Free –pore water is forced out of the soil via (by means of) drains of wells.

- In coarse grained soils, this is achieved by lowering the ground water level through 

pumping from boreholes or trenches.

- In fine-grained soils, The long term application of external loads (preloading) or 

electrical forces (electrokinetic stabilization) is required.



3. Physical and chemical modification

Additives include: - natural soils - industrial by-products or waste materials (fly

ash, slag), - Cementations and other chemicals (lime, cement) which react with each 

other and the ground.

When additives are injected via boreholes under pressure into the voids within the 

ground or between it and a structure, the process is called GROUTING. Rigs with 

multiple injectors deliver the stabilizing fluid into the soil. The fluid will prefer to 

travel into cracks and fissures.
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Soil stabilization by heating the ground and by freezing the 
ground are THERMAL METHODS OF MODIFICATION.

• Heating evaporates water and causes permanent changes in the 
mineral structure of soils.

• Freezing solidifies part or all of the water and bonds individual 
particles together.
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4. Modification by inclusion and Confinement Reinforcement by:

• Fibers,

• Strips

• Bars,

• Meshes and

• Fabrics.

Insitu reinforcement is achieved by nails and anchors.

Civil Engineering 59
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Hydraulic modifications
• pore water is forced out of the soil via (by means 

of) drains.
• - In coarse grained soils , This is achieved by lowering 

the ground water level through pumping from 
boreholes or trenches.

• -  In  fine-grained  soils,  The  long  term  application  
of external loads  (preloading)  or  electrical  forces  
(electro kinetic stabilization) is required.

• Hydraulic  Modification  can  be  termed  as  
dewatering. Dewatering  means  modifying  ground  
by  lowering  the water table, redirecting seepage or 
simply reducing its water content.



PURPOSES FOR DEWATERING

• To provide suitable working surface of the bottom of 
the excavation.

• Lowering  the  water  table  can  also  be  utilized  to 
increase  the  effective  weight  of  the  soil  and 
consolidate the soil layers.



Vertical drains can be classified in to two types

• 1)sand drains
• 2)prefabricated sand drains(wick drains)



SAND DRAINS

• The sand drain system uses to reinforce good to poor 
soils, including soft to stiff clay and silt, loose to 
dense sand, organic silt and peat.

• Sand  drains  are  used  to  reinforce  and  stiffen 
compressible foundation soils and increase the time- 
rate  of  settlement  by  expulsion  of  pore  water 
pressure.

• A circular casing or hollow steel mandrel, of about 
25-cm internal  diameter  and  6-m  height,  is  driven 
vertically into the soft soil up to the required depth









Three different techniques for 
installation of sand drains

• Mandrel drive
• Hollow stem continuous flight auger
• Jetted hollow or closed end pipe



Mandrel drive
• In this method a closed end pipe (mandrel) is driven to 

the bottom  of the soil to be consolidated, it is filled 
with  sand  which  is  placed  under  approximately  100 
Ib/in2 of air pressure and then it is gradually lifted out 
of ground. The closed end, being a hinged valve, opens 
and the sand under pressure rushes out.

• The  pipe  continues  to  be  lifted  until  it  reaches  the 
ground surface.

• The entire process is then repeated for next sand drain.
• The cycle takes 2 to 10 minute, depending upon local 

conditions.



Hollow stem continuous flight auger

• Here a continuous flight auger of the diameter as the 
intended sand drains is rotated into the soil to the 
specified depth. Since the auger is formed around a 
hollow pipe, sand under pressure can be introduced 
into it.

• Auger is back rotated out of the hole; the sand  drain 
is left behind and forms the sand drain.

• Cycle time for  this installation method  is  5  to  20 
minutes.



Jetted hollow or closed end pipe

 The driving in to the soil of either hollow or either 
closed end hinged pipes via water jetting is also used 
for sand drain installation.

 After pipe placement, the sand is introduced under 
pressure as the pipe withdrawn.

 Cycle time is 5 to 20 minutes.



Process of construction of sand drains:

• The driven casing is withdrawn after the sand 
has been filled. A sand blanket is placed over 
the top of the sand drains to connect all the 
sand drains.

• To accelerate the drainage, a surcharge load is 
placed on the sand blanket. The surcharge is 
usually in the form of dumped soil.



Mechanism of consolidation:
• The pore water pressure is increased by the applied 

surcharge load in the embankment.
• The  drainage  occur  in  the  vertical  and  horizontal 

directions. The horizontal drainage occur because of 
sand drains.

• The sand drains accelerate the  process of dissipation 
of excess pore water created by the surcharge.



Spacing of Sand drains :

• The drains are generally laid either in a square pattern 
or a triangular pattern.

• The typical design parameter for sand drain may vary 
as below :

a) Spacing of sand drains, S = ( 2 ~ 5) m
b) Depth of sand drains = (3 ~ 35) m
c) Radius of sand drains well = (0.2 ~ 0.3) m
d) Thickness of sand blanket = (0.6 ~ 1) m



Application Of Sand Drains:
• Airport Runways
• Golf Courses
• Mine Tailings Consolidation
• Tailing Ponds
• Swampland/Wetland Development
• Building Foundations
• Retaining Walls
• Parking Lots
• Landfills



ADVANTAGES
• Provision of sand drains allows drainage of pore water in 

radial direction in addition to the drainage in vertical 
direction.

• With faster consolidation
• The long-term stability of the structure is also increased

• DISADVANTAGES
• Requires frequent maintenance.
• Time taking process about an years based on soil 

type.
• sand drains may have discontinuities if the mandril is 

withdrawn too fast



Wick drains
• sand drains people were using in the olden days. Now we are 

using pre-fabricated vertical drains.
• It is composed of a polypropylene strip with drainage 

channels wrapped in a geotextile filter fabric
• In  this  drain,  you  have  a  drain  inside,  which  has 

drainage  channels;  so,  the  moment  you  apply  the load, 
water comes here, and then goes to the drainage channels.



• wick drains are prefabricated vertical drains installed 
to accelerate the consolidation of compressible soils.

• The  drain  consists  of  a  geotextile  filter-wrapped 
plastic  strip with extruded channels that allow water 
to drain from soft soil as it consolidates under an 
applied surcharge load.

• The  geotextile  filter  prevents  soil  particles  from 
entering the channels and clogging the drain.

• The  time  required  for  the  consolidation  to  occur 
depends on the permeability of the soft strata, the 
existence of sand layers in the strata, the weight of the 
surcharge, and the spacing of the wicks.







Applications
• Wick drains can be applied to any site that 

requires consolidation, including sites for:
• Roadway embankments
• Bridge approaches and overpasses
• Storage tanks
• Dams
• residential buildings
• Railway embankments
• Mining wastes and tailings



By applying surcharge load



Installation procedure of wick 
drains

• Before  installation  can  begin,  the  working  
surface must be prepared to ensure a stable 
working platform.

• Since wick drain sites are typically soft, a 
sand or gravel blanket may be needed to 
provide support for the equipment.

• The  sand  and  gravel  will  also  act  as  a  
drainage blanket to direct water away from the 
treatment area.

• Drains can be installed up to 140 feet deep 
from a track-mounted excavator



• The  installation  force  is  typically  provided  by 
vibratory  hammers,  static  force  methods,  or  a 
combination of these methods depending on the soil 
conditions.

• Generally PVD is installed by using a MANDREL 
mounted on a installation machine.

• MANDREL  is  a  metallic  hollow  tube  either 
rectangular or cylindrical contains the PVD.

• A disposable metallic shoe is connected at the end of 
the mandrel so that PVD can be easily inserted within 
the soil.

• After inserting the PVD the mandrel is extracted while 
the PVD remains at its position within the ground.



Wick drain material
• The wick drain material 

is a 4-in. wide x 0.25-in. 
(100  mm  x  0.64  mm) 
thick plastic band shaped 
conduit.

• It  is  composed  of  a 
polypropylene strip with 
drainage channels 
wrapped  in  a  geotextile 
filter fabric.



Spacing

• Layout usually consists of triangular or square grid 
patterns.

• Typical spacing ranges from 2.5 to 8 feet on center.



PVD Installation Sequence

Position Rig at Drain Location
Place Anchor on Drain End
Penetrate Mandrel to Desired Depth
Withdraw Mandrel
Cut Drain Material Above Drainage Blanket



INSTALLATION METHODS OF VERTICAL
DRAINS

GROUP
DESCRIPTION

PARTICULAR
METHODS

REMARKS

Driving A mandrel with or
Vibration without a disposal

DISPLACEMNT Pull Down(static shoe is used in
METHODS Force) each case

Washing
Combinations Of

Above



GROUP 
DESCRIPTION

PARTICULAR 
METHODS

REMARKS

DRILLING 
METHODS

Rotary drill, with or 
without a casing 

Rotary anger, 
including 

continuous 
standard and 

hollow fight augers 
Percussive(shell 

and auger) 
methods, with or 
without casing 
Hand auger

A mandrel with or 
without a disposal 
shoe is used in 
each case.

Continued…



GROUP 
DESCRIPTION

PARTICULAR 
METHODS

REMARKS

Rotary wash jet Methods in which
Washed open sand is washed in

WASHING ended case via the jet pipe are
METHODS Weighted wash jet not suitable for

head on flexible prefabricated
hose drains

Continued…



Ground Improvement Scheme
10.00 m to 18.00 m
below OGL

Depth of 
PVD

Spacing of 
PVD

(Triangular
)

1.00 m c/c below
stacker

Consolidati 
on Period

in other
reclaimers
1.50 m c/c 
area

m spacing:For 1.00
65 days
For 1.50 m spacing:
174 days
300 mm

Thickness 
of Sand 

Mat

Horizontal 
Drainage 
System

Geotextile pipes filled 
by boulders / gravels; 
PVD laid horizontally

Machinery
Used Hydraulic

Stitchers



Advantages
• There is no risk of PVDs breaking installation, while 

sand drains may have discontinuities if the mandril is 
withdrawn too fast.

• There  is  no  risk  of  shear  failure  of  PVDs  during 
settlement, while sand drains are vulnerable to shear 
failure during settlement.

• PVDs have discharge capacities, typically 30 X 10-6 
to 90 X 10-6 m3/s, while a 0.35 m diameter sand 
drain has a discharge capacity of 20 X 10-6 m3/s



• When  installed  with  a  properly  designed  mandril, 
smear effects are much less for PVDs than for large 
diameter sand drains. The zone of smear is directly 
proportional  to  the  diameter  of  mandril  used  for 
installation.

• PVDs are factory produced materials and are quality 
controlled,  whereas  sand  drains  are  subject  to  the 
quality variance of naturally occuring sands.



Disadvantages• If the compression layer is overlain by dense fills or 
sands,  very  stiff  clay  or  other  obstructions,  drain 
installation could require predrilling, jetting, and/or 
use  of  a  vibratory  hammer,  or  may  not  even  be

pre-feasible under such conditions, general 
excavation can be performed if appropriate.

• Cost is more.



Example:
During construction of a highway bridge, the average 
permanent  load  on  the  clay  layer  is  expected  to 
increase by about 115 kN/m3. The average effective 
overburden pressure at the middle of the clay layer is 
210 kN/m3. Here, Hc = 10m,Cc = 0.81, eo = 2.7 and  Cv
= 1.08m2/month. The clay is normally consolidated.
Determine

a.The total primary consolidation settlement of the 
bridge without precompression.
b.The surcharge, ∆σ’(f), needed to eliminate the entire 
primary consolidation settlement in nine months by 
precompression.



Solution

Part a
The total primary consolidation settlement may
be calculated from Eq(1):

=

= 0.4152m =
415.2mm



Part b We have,

Cv = 1.08 m2/month.
H = 6m (two way drainage) 
t2 = 9 months.

Hence,

According to Figure 3, for Tv = 0.27, the value of 
U is 40%.



we have,
∆σ’(p) = 115 kN/m2 

and ∆σ’o = 210kN/m2

so

According to Figure 2, for U=40% and ∆σ̕(p)/σ̕o = 0.548,
∆σ(f)/σ̕(p) =2.5; ∆σ(̕ f) = (2.5)(115) =287.5kN/m2

Assuming a bulk density of 20 kN/m3 for fill material and a 
height of 5m gives a pre-load of 100 kN/m2. The required 
surcharge is higher than pre-load and hence 
consolidation by sand drains/PVDs is required.



Vaccum consolidation
• Vacuum consolidation was first proposed in the early 

1950s   by  Kjellman  (1952),  the  developer  of  the 
prefabricated  vertical  “wick” drain. In  the  1960s, 
isolated  studies  of   vacuum  induced  or  assisted
consolidation continued for the 
(Holtz 1975). However, vacuum 
not  seriously  investigated  as

next two decades 
consolidation was 

an alternative to
conventional surcharging until recently due to  the 
low cost of placing and removing surcharge fills and 
the  difficulties involved in applying and maintaining 
the vacuum.



• The steadily increasing direct and indirect costs of placing 
and removing surcharge fill the vacuum-  consolidation an 
economically  viable  method  as  a   replacement  for  or 
supplement to surcharge fill.
• Vacuum  Consolidation   is   an   effective   means   for 
accelerating the improvement of saturated soft soils.

• The  soil  site  is  covered  with  an  airtight  membrane  and  a 
vacuum is created underneath it by using a dual Venturi  and 
vacuum pump.

• The technology can provide an equivalent pre-loading of  about
4.5 m high as compared with a conventional surcharging fill.



• Instead of increasing the effective stress in the soil mass 
by increasing the total stress as in conventional mechanical

preloads the 
maintaining a

surcharging, vacuum-assisted consolidation 
soil by reducing the pore pressure while 
constant total stress.

• The effectiveness can be  increased  when  applied with 
combination of a surcharge fill. Field experience indicates  a 
substantial  cost  and  time  savings  by  this  technology 
compared to conventional surcharging.



Vaccum consolidation



The current main application of vacuum assisted consolidation
include:

Replacement of standard pre-loading techniques, eliminating
the risk of pre-loading induced foundation failures.

Combining VCP with water pre-loading in scare fill areas. The 
method has been used to build large development projects on 
thick compressible soil.

Combining VCP with  surcharge pre-loading  to  increase 
foundation stability and thereby optimize pre-loading stage 
sequence and reduce project time.



DEWATERING



DEWATERING• Dewatering is the term for the control of groundwater 
by pumping. On construction sites it may be known 
as ‘construction dewatering’. The method is also 
used on mine sites – ‘mine dewatering’

• The  process  of  dewatering  can  be  defined  as  – 
pumping from wells or sumps to temporarily lower 
groundwater levels, to allow excavations to be made 
in   dry   and   stable   conditions   below   natural 
groundwater level



Purpose of Dewatering
• dry excavation
• work efficiently
• To decrease seepage and pore water pressure
• Improve characteristics of foundation materials
• Increase stability of slopes
• Prevent frost heaving in pavements



Factors Controlling Selection
• Nature and Permeability of Ground
• Geological conditions of soil
• Extent of area to be Dewatered
• Depth of Water table below ground level
• Amount by which it has to be lowered
• Proposed methods of excavation and ground support
• Proximity of existing structure





Methods of Dewatering
• Open sumps and ditches
• Well point systems
• Deep well drainage
• Vacuum Dewatering Systems
• Electro Osmosis



Open sumps and ditches
• The  essential  feature  of  this  method  is  a  sump  below  the 

ground level  of the  excavation  at  one  or  more  Corners  
or sides..

• A small ditch is cut around the bottom of the excavation , 
falling towards the sump.

• It is the most widely used and economical of all methods 
of ground water lowering. Sumps provide localized, very 
shallow dewatering (less than 3 feet) and consist of 
pumping from perforated  drums  or  casings  in  a  
gravel-filled  backhoe  pit. Sumps work best in fine grained 
soils, or very coarse, boulder deposits.

• There  is  also  a  disadvantage  that  the  groundwater  
flows towards the excavation with a high head or a 
steep slope and hence there is a risk of collapse of the sides.



Open sumps and ditches



Open sumps and ditches



Well point systems
• Wells   are   systematically   drilled   around   the 

construction area and submersible pumps placed into 
these wells.

• Wells are large-diameter (greater than 6 inches) holes, 
drilled  relatively  deep  (greater  than10  feet),  and 
contain slotted casings and down hole pumps

• This practice appears to work effectively for many 
projects,  especially  those  building  projects  that 
require excavations for deep basements.

• For dewatering deeper excavations, the well points 
must be installed in two or more stages

1. Single stage unit
2. Double stage unit



Setup and Procedure of working:
• A well-point is 5.0-7.5 cm diameter metal or plastic pipe 60 

cm – 120 cm long which is perforated and covered with a 
screen.

• The lower end of the pipe has a driving head with water 
holes for jetting as shown in fig. Well-points are connected 
to 5.0-7.5 cm diameter pipes known as riser pipes and are 
inserted into the ground by driving or jetting.

• The upper ends of the riser pipes lead to a header pipe 
which, in turn, connected to a pump. The ground water is 
drawn by the pump into the wellpoints through the header 
pipe and discharged as shown in fig.

• The  well-points  are  usually  installed  with  0.75m  –  3m 
spacing



Double stage unit



Well point systems



Well point systems



DEEP WELL
• Deep well drainage system consists of deep wells and 

submersible or turbine pumps which can be installed 
outside the zone of construction operations and the 
water table lowered to the desire level.

• Deep  wells  are  usually  spaced  from  8-80  meters 
depending upon the level to which water table must 
be lowered, permeability of the sand stratum, source 
of seepage and amount of submergence available.

• Deep wells  may  be combined with  the well  point 
system on certain field conditions for lowering the 
ground water tables



SPACING OF DEEP WELL POINT SYSTEM

• Normally,  individual  wells  are  spaced  at  an 
approximate distance of 15 m (50 feet) apart.

• However,  depending  upon  soil  conditions  and  the 
dewatering plan the spacing may need to be just a few 
meters apart.



DEWATERING CAPACITY OF DEEP WELL POINT SYSTEM

• Individual  well  capacities  are  from  2100  to  3000 
gallons  per  minute  and  with  total  systems  the 
capacities  can  be  as  high  as  60,000  gallons  per 
minute.

• Deep well pumps can lift water 30 m (100 feet) or 
more in a single stage and the variation of the typical 
deep well system is a pressure within an aquifer.

• Deep well points require no pump as the water is 
forced to the surface by its own pressure. To boost the 
water flow a vacuum pump is frequently used.



Deep well point system



Deep well point system



Vacuum dewatering systems
• Gravity methods, such as well points and deep wells 

are not much effective in the fine-grained soils. Such 
soils can be dewatered satisfactorily by applying a 
vacuum to the piping system.

• A vacuum dewatering system requires that the well- 
point  screens,  and  rise  a  pipe  be  surrounded  with 
filter sand extending to within a few metres of the 
ground surface.

• This method is most suitable in layered or stratified 
soils.



Vacuum dewatering systems



Design steps for dewatering systems
• Design of a dewatering system requires the determination of 

the number, size, spacing, and penetration of wells or well 
points and the rate at which water must be removed from the 
pervious strata to achieve the required groundwater lowering 
or  pressure  relief.  The  size  and  capacity  of  pumps  and 
collectors  also  depend  on  the  required  discharge  and 
drawdown.

• The essential steps involved in the designing of the dewatering 
system are given below:

1. Subsoil investigation
2. Source And Water Table Details
3. Distance of well points



4.Effective Wall Radius
• The effective wall radius is decided based on the installation of 

the wells with or without filter. If a well is installed without 
gravel or a sand filter the effective radius can be taken as one 
half the outer diameter of the well screen. If a filter is used, the 
well radius is taken as one half the outside diameter of the 
filter

5.Discharge computations
The discharge Q of the well is then calculated using the formula 

given below:



Electro osmosis
• Dewatering  Technique  is  done  through  the  use  of 

cathodes  and  anodes  with  passage  of  Electrical 
current.

• Electro-osmosis is defined as “the movement of water 
through a porous media by applying a direct current 
(DC) field”.

• It is the only effective method of dewatering in deep 
clay soils, silty clays, silts and some peats.



Electro osmosis



Mechanism of Electro-osmosis
• When electrodes are placed across a clay mass and a 

direct current is applied, water in the clay pore space 
is transported to the cathodically charged electrode by 
electro-osmosis.

• Electro-osmotic transport of water through a clay is a 
result of diffuse double layer cations in the clay pores 
being attracted to a negatively charged electrode or 
cathode.

• The  macroscopic  effect  is  a  reduction  of  water 
content at the anode and an increase in water content 
of the clay at the cathode.



Effectiveness of Electro-osmosis• First, electro-osmosis provides uniform pore water 
movement in most types of soil.

• The entire soil mass between the electrodes is 
basically treated equally

 Disadvantages
• Installation and running costs are usually high.


