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Use of PVD Method

 In Japan, the total length of installed band drains is
in excess of 37 million m. The average length of
installed drains on these projects is in excess of 20
m.

* During the same period, almost 50 band drain
projects have been carried out in Sweden, with a
total drain length of 11 million m.

* In the North America, more than 50 projects have
been reported, followed by the Netherlands with
about 20 projects.



Survey of International PVD Projects
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Execution of special geotechnical works - Verical drainage
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European Standard
Vertical Drainage. prEN 15237
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Scope
This European Standard establishes general
principles for the execution, testing, supervision and
monitoring of vertical drain projects.

The Standard includes the application of
prefabricated vertical drains and sand drains and
deals with requirements to be placed on design,
drain material, installation methods and loading
(static, vacuum, groundwater lowering).

This Standard applies to the improvement of low-
permeability, highly compressible soils by vertical
drainage and preloading.



Vertical drainage is used both on land and in
marine constructions

J(pre-)consolidation and reduction of post-
construction settlements;

speeding up the consolidation process by
decreasing the path lengths for pore water
dissipation;

increase of stability (by increasing effective
stresses in the soil);

dgroundwater lowering;

mitigation of liquefaction effects.



Execution of vertical drainage

Functional requirements

Load condition, consolidation

fime required, stability,
temporary overioad,
secondary settlement.

Geotechnical design

Soil condition (soil profile, compressicn
«§—»| characteristics, preconsolidation vs. effective
overburden pressure, coeflicient of consolidation,
permeability, undrained shear strength).

Site constraints

climate, etc.

Access, environment, stability,
services, obstructions,

Technique selection

<— Choice of drain type and drain lengths,
drain pattem, thickness and permeability
of drainage blanket.

'

A
Installation
Choice of installation equipment,
technique for drain installation.
Y
Loading

Bearing capacity, stepwise loading, loading berms,
alternative loading methods {(vacuum, pumping of
water from pervious layers or underlying pervious strata).

T

Y

Field trials,
Monitored test areas.

Monitoring

Setftiement gauges, piezometers,
disturbance effects on shear
sfrength due to drain installation




Chart of Design Process

Design basis

l

Results of laboratory
investigations (consolidation
characteristic, undrained
shear strength, sensitivity)

Soil description (clay
with/without silt or sand
layers, gyttja, peat, consistency
limits, water content)

Choice of drain type and drain
spacing and drain depth,
required to satisfy prescribed
time of primary consolidation

Y

> Choice of >

design parameters

Results of field investigations
{undrained shear strength,
sensitivity, coefficient of
consolidation)

Loading condition to safeguard
stability and to reduce
or avoid secondary settlieement
after the primary consolidation
period

Trial area (if judged necessary) to check the comrelation
between the analytical assumptions and d real behaviour.
Observational method to serve as a basis for possible

redesign




Vertical Drains
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a) Channel-shaped core with glued filter

b) Channel-shaped core with wrapped filter

d) Cusp-shaped core with wrapped filter




Drain Types
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Preloading
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Factors Affecting Drains

Equivalent Drain Diameter

Influence of one-dimensional consolidation
Smear Effect

Well Resistance

Insufficient Depth of Installation

Kinkig (buckling) of drain



Drainage blanket

Slow
draining
subsoil

Without vertical drains
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Drainage and
Effect of Submergence
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Vertical Drainage by PVD

Band-drain
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Band Drain (PVD) Installation
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Drain Installation in Uppsala, Sweden
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