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Soil or Ground I mprovement

1) Compaction
2) Pre-loading (surcharging)
3) Dynamic compaction
4) Jet Grouting
5) Soil-Cement Pile/Column
6) Geotextiles
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Other techniques, in addition to compaction, seek to improve soft soils so that structures placed upon
them do not fail through bearing capacity or excessive settlement. The rest of this lecture will show a
few other methods of improve soils.
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1. Compaction



The oldest method of improving soil strength is the millennium old technique of compaction. Thistopic
IS so important that it is treated exclusively in our next lecture.



2. Preloading (or surcharging)



Preloading, surcharging or pre-compression isa processwhere a site will be loaded
befor e construction begins. The additional stressto the soil increasesits early settlement,
thereby reducing settlements when the actual building is placed on the site. The
preloading drives out water from the compressible soil voids, and the water isremoved
from the site via pumps or open channels. The voids previoudy occupied by the water
now disappears, and the summation of the voids produce the net settlement of the ground
surface.

One of the methods used to accelerate the drainage of water isto decrease the path that
thewater particles haveto taketo exit the soil. A grid of vertical wicks (drains) isan
effective method, as outlined below:

Advantages of prefabricated vertical drains:
Increases the rate of consolidation.
Reduces the pre-construction time.
Increases the stability of slopes.

Cheapest and easy to install.



Advantages:




Vertical Drains




Typical arrangementsof the vertical drains
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Prefabricated vertical drains.



|nstallation of prefabricated drain wicks

Setup the equipment Drive the mandrel Extract the mandré€ Cut off thedrain wick



clrains



A site can be
easly, and quickly
drained using this
special adapter to
aregular back
hoe. It installsa
length of geotextile
wick, that serves
asa drainage path
for the
groundwater in
the sail.

Thissetup is
usually followed
by a surchar ge of
fill, to load the soil
and sgueezethe
water out.
(Geotechnical
Fabrics Report,
March 1997).



| mper meable geotextiles being placed for alarge potable water reservoir.
(Geotechnical Fabrics Report, May '02).



3. Dynamic Compaction






Deep Dynamic Compaction (DDC):

« Heavy weights(5-40ton) are
dropped from heights of 6 to 30 m.

 Theimpact of thefalling weight
compactsthe soil to significant
depths.









4. Jet Grouting



Common Techniquesfor Ground Modification:



intrusion under pressure of flowable particulate grouts
into open cracks and voids and expanded fractures

injection of very stiff, “zero-slump” mortar grout to
displace and compact soils in place

permeations of sands with fluid grouts to produce
sandstone-like soil masses to carry loads

cutting geometric shapes in soils with high-pressure
liquid jets and filling the spaces with grout






Approaches



Jet grouting. This system differs substan-
tially from the other grouting techniques
In that it breaks-up the soil structure
completely and mixes the soil particlesin-
situ with a binder to create a homogenous
mass which in time solidifies. This
solidified ground is known as Sailcrete.

The technique, originating in Italy, can be
used regardless of soil type, permeability,
grain size distribution, etc. In theory,
therefore, it ispossible by jet groutingto |
treat most soils, from soft claysand silts | 7]
to sands and gravels.
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5. Soil-Cement Pile Columns






Applicationsfor Soil-Mixing:

1. Ground water barriers;
2. Retaining barriers,
3. Foundation walls.

Deep soil-mixing (DSM) uses a special soil drill auger
bits that advance into the soil, cutting and grinding the
soil. Simultaneously the bitsinject acement slurry
additive to improve the soil shear strength.



The diameters of the auger bits vary from 0.6 to 1 m can
produce wall lengths varying from 1.5 m to 10 m, with
maximum depths to 35 m.

Each rig is equipped with three overlapping mixing
paddles (or augers). The mixing paddies are of limited
length so that they do not carry soil up to the ground
surface, but rather continually mix the soil to depth.
Grout, in this case a mixture of water and cementing
agents, will be pumped through ports in the mixing
paddles, and subsequently mixed with the soil.






The mixing paddies periodically require main-
tenance due to the wear and abrasion on parts.

An on-site batch plant provides automated mixing
of the grout materials, which is then pumped to the
deep mixing rigs.



A coring rig is used to obtain solid
cores of the hardened soil-cement.



The piles within the soil-cement
grid will support awharf that will
be constructed.

The grid of soil-cement walls
extends down through soft soils
into harder competent soils, and
acts to increase the stability of the
channel slope.



A close-up view of the hardened soil-cement at Each vertical run of the mixing rig produces three
one location shows pockets of clay within the overlapping columns These columns must overlap
soil-cement matrix. These clay pockets occur with adjacent sets of columns to produce a

where there has been insufficient mixing. continuous wall.



Thisisaside view of soil-
cement columns exposed
by an excavation.

Notice that the columns are
horizontally stratified,
reflecting the variation in
soil type with depth.

The diagonal cracks that
can be seen in the columns
are primarily due to
impacts by the backhoe that
made the excavation.



Following excavation and construction of new columns below the old, the
temporary support piles were removed.



The ancient church of St. Nicholas, Sevenoaks, Kent, used mini piles to underpin the 800 year
old church to support the building whilst providing a new undercroft.



The structure dates from the 12th century, and
archaeological investigations below the floor
revealed the existence of lead coffins and brick
walled tombs dating back to the 13th century.
These excavations also exposed the original friable
ironstone foundations of the church.

Great care was needed in constructing the mini piles
to minimize vibrations. With the pilesin place, a
concrete collar was formed around each column,
encasing the existing foundations and column base.

A grid of ground beams was then cast between the
collars to form a new temporary structural support
system.



6. Geotextiles



This photo is shown in the Cooper-Hewitt
National Design Museum, named “ Extreme
Textiles: Designing for High Performance’.
2 East 91% Street, New Y ork).

Geotextiles are being characterized as the
materials of the future: stronger, lighter and
safer.

They can be used in many forms, such as
weaving, knitting and braiding of these fibers
that are stronger than steel but retain the
flexibility of textiles.

Vigt: www.ifal.com or,
www.fabricarchitecture.info.




A 35 m high reinforced slope for a water retention pond in Taichung City, Taiwan.






Applications of geotextiles are applied to civil engineering problems:

— Road structures (embankments, abutments, ramps, etc.)
— Erosion and sediment control

— Subsurface drainage

— Reinforced soil structures

— Waste contaminant systems

The advantages of using geotextiles are,

Geotextiles occupy significantly less volume than comparable soil and aggregate
layers.

Geotextiles are manufactured under controlled factory conditions which
minimizes material variation, while soil and aggregate are proportioned at batch
plants.

Geotextilesrequire limited field connections, while soil and aggregate layersare
actually constructed in place and therefore are subject to variations caused by
weather, handling and placement.

Geotextiles are less expensive to purchase, transport and install than soils and
aggregates.

Geotextiles have been engineered for optimum performance, including greater
strength, drainage efficiency and clogging resistance than soils and aggregates.



The material of Geotextiles: Polyester versus Polypropylene.

Table 1.

Geotextile Polymer Characteristics

Property Polyester Polypropylene
Specific Gravity 1.36 0.9
(sinks in water) (floats in water)
Melting Point 247-254 C 160-188 C
Chemical Very Good Excellent

Resistance

U.V. Resistance Very Good Good(stabilized)




Three basic categories of Geotextiles

Woven: Used primarily for sediment control and road stabilization.

Woven geotextiles are constructed from imper meable material made into narrow
strips and then are woven together.

Non-Woven: Used for slope stabilization and erosion control.

A non-woven geotextile is a polymer that is melted and forced through extrusion dies
having numerous small holes, thereby creating a“ grid” .

Needle-punched: Used ideally for subsurface drainage.

This geotextiles is bonded by mechanically entangling the fibers through the use of
barbed needles, thereby causing a large number of voids.



Tests to confirm design criteria:

Survivability: Mass per unit area

Thickness

Grab tensile strength and elongation
Puncture strength

Tearing strength

Performance Tests  Tengjje strength

Seam strength
Friction

Asphalt retention
Permittivity

Durability Tests: Chemical resistance
Ultraviolet stability
Clogging resistance
Bio-clogging resistance
Creep
Abrasion resistance




Problem #1;

In the central part of Taiwan,
a housing project required
extending construction on a
mountainous area.

The property owner planned
to maximize the usable land
space to fit in luxury villas

and townhouses.
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- Profile after failure
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Solution:

I~ mQg>»

Typical dopefailure Slope retnforcement

Conclusions: 1. Low cost, fast construction and ease to shape the slopes;
2. Fast and excellent vegetation of the face;
3. Excedllent stability;
4. Poditive drainage.




Problem #2:

Required to stabilize a road widening
and reconstruction of the Tarif-
Madinat-Liwa Interchange, in order
to increase the traffic flow on the
main highway connecting the
Emirate of Abu Dhabi with the Saudi
Arabian border. It was decided to
widen the existing highway from
four to eight lanes.

The subgrade was identified as a
typical Subkha soil with avery low
bearing capacity. Importing
engineered fill material would have
been costly. The designers were
required to increase both the bearing
capacity and decrease the thickness
of thefill material to decrease costs.



Solution:

To stabilize the road embankment and to avoid differential settlement, the consultant engineers
opted for an integral extruded geo-grid offering both high junction strength and resistance to
mechanical damage. The same product has been used also to reinforce and decrease the
thickness of imported fill of roads.



The geotextile is seen to be in place, upon the compacted in-situ soil. The subgrade material is
being delived by the truck, and is being spread by the front loader in the background.






Stabilization of roads.

1. Reduce the progressive failure of flexible
paved roads. Road service life can be increased
up to afactor of 10 without changing the
properties of the road components.

2. Reduce the thickness of the aggregate base
layer without loosing performance or structural

capacity.

3. The geotextile permits the use afill material
that has structural and drainage properties
inferior to the one typically required, without
changing the overall road thickness.












Problems ensued from hazardous drainage coming from the landfill capping system at a Cerro
Maggiore (Milan, Italy) waste disposal facility. A capping system was designed to guarantee
the impermeability of the landfill sides slopes, allowing for proper gas venting, with an
adeguate drainage system on top to avoid ground water infiltration, and with a vegetated cover
system to minimize environmental impact and to protect the new geo-synthetic liner.



The slope was water proofed using a
bentonite geocomposite (GCL) which
guaranteed a perfor mance equivalent
to 1 m of clay soil with a per meability
of 10-12 104 cm/s.

The geocomposite offered a complete
system of " filter-drainage-protection”
which meansthat the geotextile acts as
awater/soil filter for the geocomposite
and preventstheintrusion within the
drainage cor e of the bentonite
migrating from the GCL during
hydration and intrusion of the loose fill
material laid directly above, thus
allowing for along term hydraulic
flow.



