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Conversion Factors,
Non-SlI to Si

Units of Measurement

Non-SI units of measurement used in this report can be converted to SI

units as follows:

Muitiply By To Obtain

feet 0.3048 meters

inches 2.54 centimeters

pounds {force) 4.448222 newtons

pounds (force) per foot 14.593904 newtons per meter

pounds (force) per square inch 6.8947579 kilopascals

pounds (force) per square foot 0.04788 kilopascals

pounds (mass) per cubic foot 0.1570873 kilonewtons per cubic meter
gallons 3.785412 liters




Chapter 1

1 Introduction

Some levees are constructed of clayey soils. Their side slopes are gentle
enough to produce a structure having a prescribed margin of safety against
rotational failure. However, during dry periods, the clay near the surface
shrinks, and subsequently, cracks are formed. The tendency of these desic-
cation cracks to develop increases with increase in the plasticity index of the
clay. The cracks may be open to a depth of 5 to 7 ft (Fleming, Sills, and
Stewart 1994). These cracks expose the interior of the mass allowing deeper
desiccation to occur and fissures to form due to irregular shrinking.

Surficial instability (or slough slide) appears to be triggered by heavy rain-
fall after an extended period of drying (Fleming, Sills, and Stewart 1994).
The extensive network of cracks and fissures developed by years of weather-
ing allows for rapid percolation of rain water. As the fissures fill with water,
the exposed clay surface along the cracks and fissures swells, and the clay
softens. That is, in addition to gain in weight due to water absorbance and to
hydrostatic force due to the water filling up a portion of the cracks (i.e,
increase in slide driving force), the clay shear strength along the cracks and
fissures decreases (i.e., decrease in shear resisting force). This decrease in
strength is due to the seasonal shrinking-swelling (i.e., due to relative move-
ment of clay particles) that, over the long run, may cause the clay to progres-
sively reach its residual strength value. The increase in driving force
accompanied by the progressive decrease in the strength of the exposed clay
may result in a slough failure.

Fleming, Sills, and Stewart (1994) note that the maximum depth of sliding
typically coincides with the depth of desiccation cracks; that is, 5 to 7 ft deep.
In extreme cases it may reach 9 ft. It happens most frequently when the plas-
ticity index is greater than 40. Slides do not tend to develop when the plastic-
ity index is less than 27. No slides occur when the clay surface is protected
from the weathering process (e.g., protection using riprap and gravel bedding
or cover with a geomembrane).

An effective solution to the slough slide is the reconstruction of the failed
layer. However, rather than replacing the highly plastic clay after removal of
the failed zone, this clay is first mixed with lime to lower its plasticity (e.g.,
Fleming, Sills, and Stewart 1994, Alvey 1994, Massoth and Ehlman 1994),
The lime-clay mixture is then placed and compacted in 8-in.-thick lifts.
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Another solution is achieved by using stone-fill trenches (e.g., Sills and Flem-
ing 1994). It is applicable to cases where the slide is shallow and the soil
mass will remain stable when trenches are excavated below the slip surface
with near-vertical side slopes. The stone-fill trench increases, in an average
sense, the strength of the soil in the sliding zone. However, it is likely that
its high permeability allows for the fast removal of water, thus minimizing
water percolation into the clay, reducing hydrostatic pressures, and slowing
the weakening of the cracked clay layer. Hence, effective drainage may
increase stability. It should be pointed out, though, that Alvey (1994) indi-
cates that constructing a drainage layer in the levee to provide internal drain-
age failed when used in repair. However, no details of this failed attempt are
given. The objective of this report is to propose a drainage system type of
solution that is based on the use of geocomposite drains. Such drains are pre-
fabricated and, if properly installed, may be extremely effective.

Chapter 1
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2 Geocomposite Drainage
Systems

Background

Traditional drainage systems utilize granular materials each having a pre-
scribed gradation. The graded material serves as a filter and as a drain or
flow channel; i.e., it retains the fine soil particles while allowing water to
flow and drain away. Scarcity of suitable granular material and labor cost
may render traditional drains prohibitively expensive. Geocomposite drains
may serve then as a viable alternative.

Geocomposite drains are prefabricated drainage systems made wholly or
partially of polymeric materials. Figure 1, reproduced from Murray and
McGown (1992) with minor modifications, shows typical types of drainage
systems in use:

a. Geotextile-wrapped drainage systems.
b. Geotextile sleeve system.
c¢. Edge (or fin) drainage system.

The geotextile-wrapped drain has been used since the early 1960°s. As
pointed out by Murray and McGown (1992), the geotextile encloses granular
material and serves only as a separator between the surrounding fine-particle
soil and the encapsulated granular material. The granular material, in turn,
serves as a conduit for surplus water. The geotextile filter allows for a much
wider range of granular materials to be used and, thus, may reduce the mate-
rial costs compared to the traditional graded granular systems. Also,
geotextile-wrapped drains are often easier to construct, further reducing the
COsts.

An effective drainage system is based on a geotextile sleeve over a per-

forated drainage pipe (Figure 1b). The geotextile serves as a filter at the
joints and perforated slots, and thus prevents soil washout through the pipe.

Chapter 2 Geocomposite Drainage Systems
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Edge (or fin or sheet) drains (Figure 1c) were introduced in the 1970s.
Typically, these geocomposite drains are wholly made of polymers. They are
constructed by combining a geotextile with a core made of plastic sheet or
mesh. The core allows free in-plane flow of water. Some cores form an
impermeable barrier to flow across the plane of the drain and, thus, force an
in-plane flow. Once again, the geotextile serves as a filter on one, or both,
faces of the core. Edge drains can be installed inexpensively by mechanical
means and are rapidly gaining popularity, especially in highway applications.

Murray and McGown (1992) divide cores of edge drain systems into two
categories: thin cores and thick cores. Typically the thin core is designed to
carry the filtered water downward to the collector pipe (Figure 2). Their
thickness is typically less than 0.5 in. and are produced from extruded pre-
formed sheets or meshes to allow for interconnected voids. Such thin cores
will compress very little when subjected to lateral soil pressure. Thick cores
are capable of carrying water along some significant length without a collector
pipe (Figure 2). The core is typically thicker than 0.5 in., and it is formed
from cuspated sheets, thin pillars supported on a backing plate, etc. The void
space, after compression, between the geotextile-filter and the core is larger
than that of fine soil providing much larger water flow rates than is possible
in thin cores. In either case, the core also supports the geotextile during con-
struction and may also serve as a waterproofing or thermal insulation, depend-
ing on the particular product and application (Kraemer and Smith 1986).

The desired properties of the drainage core are (Kraemer and Smith 1986):
a. Adequate cross-sectional flow area for the transport of water.

b. Compressive strength adequate to maintain flow area under the imposed
seepage forces and horizontal soil pressure (resistance to short-term
compression and long-term creep).

¢. Resistance to physical and chemical degradation.

Since the major function of the drainage core is to transmit water which
passes through the geotextile with as little head loss as possible, the flow resi-
stance of the core under confining soil stress is important and may be critical
(Figure 3). The deformation of the geotextile-filter and the core can result in
a reduction of the cross-sectional area available to transport water and may
increase with time under constant soil pressure (i.e., creep), depending on the
geometry of the composite drainage system and the creep behavior of its com-
ponents. That is, with either the thin or thick drain, the positioning of the
contact points with the geotextile may be critical. If the spacing of these
points is too great, the geotextile may intrude into the void under soil confin-
ing pressure and cause a loss of volume. Conversely, if spaced too close
together, the contact points may restrict the movement of the soil particles
entering the system (i.e., “trap” these particles clogging the system) as a natu-
ral filter is developing at the geotextile-soil interface (Murray and McGown
1992). Figures 4a and b (after Murray and McGown 1992) show typical
sections of thick and thin drains and the range of their flow capacity.

Chapter 2 Geocomposite Drainage Systems
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As pointed out by Murray and McGown (1992), any drainage system,
including those involved with granular materials, may deteriorate because of
chemical or bacterial deposits. However, for proper installation, there is no
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evidence to indicate that there are exceptional problems with geotextiles in
natural soils. Problems may arise, however, when spillage of oil or some
waste materials contaminate the soil.
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Applications

Geocomposite drains collect and transport subsurface water. These two
functions are desirable and frequently critical for adequate performance of
most types of earth structures. Since these drains are prefabricated and make
installation relatively easy, they are gaining new applications beyond simply
replacing conventional drainage systems. The acceptance of geocomposite
drains in critical applications (e.g., adjacent to retaining walls) is increasing
rapidly.

Table 1 lists some applications for highway projects (Kraemer and Smith
1986). This table also shows significant considerations needed for each appli-
cation. Figure 5 depicts the same or similar applications as those stated in
Table 1. Figure 5a shows an installation scheme for a ’land drain.” The pur-
pose of such drains is to lower the water table in the soil adjacent to slopes.
They are usually designed to carry subsurface water only.

Table 1
Summary of Geocomposite Drain Applications (after Kraemer and
Smith 1986)
Orientation of Drainage
Type of Application Drainage Plane | Surface Significant Considerations
Adjacent to retaining | Vertical One side ¢ Resistance to clogging
walls & Compressibility and creep
effects on hydraulic
properties
Bench cut slope Vertical Two sides ¢ Resistance to clogging
stabilization o Temperature effects
Pavement edge drain | Vertical Two sides ¢ Resistance to clogging
¢ Effect of cyclic loading
* Temperature effects
Undersiab drain Horizontal One side ¢ Resistance to clogging
¢ Compressibility and creep
effects on hydraulic
properties
Backfill drain Sloped One or two ¢ Resistance to clogging
sides ¢ Compressibility and creep
effects on hydraulic
properties

Hence, the top is sealed to minimize the entry of surface water. Such drains
are typically subjected to relatively high stresses during installation. Fig-
ure 5b shows an edge drain. It drains away water from the pavement and
sometimes lowers the water table under the pavement system. Structural
drains (Figure 5c) alleviate pore water pressure behind structures such as
retaining walls by removing surplus water. Because of difficult access, these

Chapter 2 Geocomposite Drainage Systems
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drains should be designed to perform satisfactorily for the life of the structure.
Figure 5d shows horizontal layers of geocomposite drains in a cohesive
embankment. These layers shorten the consolidation time and, therefore, are
required to perform a temporary function during and immediately after

construction.

Figure 6 signifies a case history showing the installation plans for a geo-
composite drain near Durango, CO. Unlike the drain in Figure 5a, this drain
is not protected by a select backfill. It was termed curtain drain since it was
installed transverse to the slope to intercept groundwater flow. Consequently,
it was supposed to lower the water table and thus, increase the stability of the
existing marginally stable slope. Figure 7 illustrates the water table; it was
lowered locally by about 2 ft, however, groundwater still came to the surface
farther down the hill. Hunt (1993) describes the installation of the 12-ft deep
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drains as very difficult due to moisture in the trench and collapsing trench
walls. To ensure workers safety, a crib box was used in the trench. This,
however, hindered proper installation. Most of the drain panels were installed
in a partially collapsed position (Figure 7) with the top buried about 4 ft
deeper than planned. As a result, only a small to moderate flow came
through the curtain drain system. Hunt (1993) reports that after 5-1/2 years
in service, the flow capacity of the system has not decreased. Excavation
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revealed the geotextile was not clogged. Hunt (1993) concludes that a parallel
(curtain) drainage system should be installed at a shallower depth, with at least
one system near the toe, rather than one deep system. This will assure both
safety and ease of installation. It will also improve the drainage performance.

Figure 8 shows some standard plans for subsurface drains specified by
Colorado Department of Transportation (Hunt 1993). It provides specific
details for some of the conceptual drains shown in Figure 4 or stated in
Table 1.

There are numerous variables that may effect the geocomposite drain per-
formance. Kraemer and Smith (1986) show the risk of hindering the perfor-
mance of the drainage system as a function of a design variable (T able 2).
This table is useful for preliminary design purposes. Having the view that the
main objective of geocomposite drains is to intercept subsurface water and dis-
charge it into a collection point, Kraemer and Smith (1986) suggested the crit-

ical properties, as function of application, shown in Table 3. This table
indicates the following four consistent critical properties:

a. Compressive strength.

b. Creep behavior.

c. In-plane flow capacity.

d. Hydraulic properties of the wrapping geotextile.

Table 2

1986)

Effects of Major Design Variables on Risk (after Kraemer and Smith

Design Variable

Effect of Variable on Risk

“Low”

“High”

Depth of embedment

Shallow (<10 ft)

Deep (> 20 ft)

Design life

Short (<5 years)

Long {50 to 75 years)

Construction environment

Controlted

Good westher
Experienced labor
Careful handling

No control

Poor weather
Inexperienced labor
Rough handling

Confining material

Granular select backfill
(<5 percent fines)

Silt, clay, or gap graded fine
granular soil

Structure design

Include limited
hydrostatic pressures

No consideration of hydrostatic
pressures

Chemical environment

Nonaggressive

Aggressive

12
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Table 3
Critical Properties of Subsurface Geocomposite Drains (after

Kraemer and Smith 1986)

Application Critical Properties

Pavement edge drain # High in-plane flow capacity at a low gradient

¢ Resistance to relatively high, cyclic stresses

+ Resistance to freezing effects and chemicals (road
salt, petroleum, etc.)

¢ Hydraulic properties of the geotextile

Retaining wall drain ¢ Moderate in-plane flow capacity at high gradients
< High compressive strength and resistance to creep
+ Hydraulic properties of the geotextile

Slope drain & Low in-plane flow capacity at moderate gradients

¢ Moderate compressive strength and resistance to
creep

& Hydraulic properties of the geotextile

Collectively, consideration of these properties should produce a satisfactory
drain for a particular application at a particular site.

Compressive strength is required to resist lateral earth pressures. It is an
important property that affects the performance of both the geotextile-filter
and the core. As the core compresses, the wrapping geotextile stretches,
potentially losing its soil retention capacity. Concurrently, the compressed
core has a smaller flow area. The short-term compressive strength can be
determined using American Society for Testing and Materials (ASTM) D1621
(ASTM 1996a) test. Figure 9 shows typical behavior of some sheet drains
subjected to normal stress. Although all the drains presented in this figure
may have high flow capacities in their noncompressed state, they vary greatly
in their normal compression behavior (Koerner 1994).

The lateral pressure due to construction equipment should not be over-
looked when determining the required strength. Furthermore, long-term
compressive creep due to in situ stresses may be important, especially when
cores that do not exhibit a distinct yield point are used. In addition to the
potential creep of the core, the wrapping geotextile may creep into the flow
area and thus, reduce the in-plane flow capacity of the drain. Murray and
McGown (1992) provide a guide as to how to assess the long-term crushing
strength of cores.

Hydraulic properties of the wrapping geotextile are related to the Apparent
Opening Size (AOS); see ASTM D4751 (ASTM 1996f)). The AOS will indi-
cate the long-term filtration performance of the geotextile. Proper selection of
AOS will assure retention of soil particles without clogging of the geotextile
filter.

Chapter 2 Geocomposite Drainage Systems
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Figure 9. Compressibility behavior of selected geocomposite sheet drain systems (courtesy
of Prentice-Hall, Koerner 1994)
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The in-plane flow capacity is very important; it provides a direct indication
regarding the drainage capacity of the geocomposite drain. The behavior in
the compressed state will dictate the flow rate capacity. ASTM D4716
(ASTM 1996¢) gives the details on how to determine the in-plane flow
capacity of a drainage system under normal load. Figure 10 (Koerner 1994)
demonstrates the effects of normal stress on flow. Figure 10a is for a stiff
core material and Figures 10b and 10c are for a flexible core material.

Figure 10d shows the flow rate behavior of various geocomposite systems.
Combined with proper filter design (based on AOS), the in-plane flow test can
be used to select a proper drainage system. Finally, in lieu of a specific
design procedure to obtain the required flow rate for a specific application,
Koerner (1994) suggests the guide in Figure 11.

Chapter 2 Geocompaosite Drainage Systems
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Prentice-Hall, Koerner 1994)
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Figure 11. Design guide for geocomposite drains (courtesy of Prentice-Hall, Koerner 1994)
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3 Geocomposite Drainage
Systems in Levees

Purpose

The objective is to use geocomposite drains effectively to increase the sur-
ficial stability of clayey levees. As described in detail in Chapter 1, numerous
deep cracks tend to develop in levees as a result of long dry periods followed
by heavy rainfalls. These cracks may be 5 to 7 ft deep and are likely to
develop when the plasticity index exceeds 40. Surficial instabilities are trig-
gered by heavy rainfalls after extended periods of drying. The cracks and fis-
sures allow rapid percolation of water. Consequently, the fissured clay swells
result in clay softening. Cycles of shrinking-swelling drive the clay progres-
sively toward its residual strength. Furthermore, the clay gains weight due to
water absorbance. Hydrostatic force due to water filling the cracks further
reduces stability. Fast removal of water from the cracks will decrease its
adverse effects on surficial stability. Geocomposite drains will nearly elimi-
nate hydrostatic water pressure, minimize water absorbance by the clay within
the cracked zone, slow the rate of the progressive loss of strength, and pre-
vent further deepening of the depth of cracks and fissures. Geocomposite
drains can be used to facilitate the drainage of runoff water percolating into
cracks and fissures.

Application

Geocomposite drainage systems can be used to remove large quantities of
runoff water entering the levee, through a network of interconnected cracks
and fissures.

Figure 12 illustrates the concept of a geocomposite drainage system instal-
led as an interceptor to catch and remove water from cracks in the levee.
Placing the drain against the upper side of the excavated trench will assure a
direct interface with the cracks and, therefore, facilitate subsurface drainage
(note that placement against the lower side of the trench would result in an
impervious barrier between the drain and the cracks formed by the native soil

Chapter 3 Geocomposite Drainage Systems in Levees 19
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Figure 12. Schematic view of a geocomposite drain installed as an interceptor in a levee

backfilling the trench). It should be pointed out that the geocomposite drain is
presented schematically in Figure 12; its actual details will be discussed in the
design.

Design

The design of a levee drainage system is an iterative process. The steps
required to accomplish this process are detailed below:

a. Using a plan view of the levee, select the desired layout of the compos-
ite drainage system (Figure 13). Estimate the drainage (tributary) area,
A,, of each drain. Bear in mind that as A4, decreases, the required
drainage capacity of each drainage system decreases, while the overall
length of the excavated trenches, required for the drain installation,
increases. Also, as the slope of the drain increases (i.e., as § in Fig-
ure 13 approaches 90 deg), the drainage capacity of the geocomposite
system increases (to be shown later), while the interception area of each
drain decreases. An optimization process, in which the effects of vari-
ous layout configurations are examined using the design outlined in

Chapter 3 Geocomposite Drainage Systems in Levees
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Figure 13. Plan view of levee: presumptive layout of composite drains

Steps a through g, should yield the most cost-effective layout scheme.
A first presumptive trial is suggested at § = 30°.

b. Estimate the runoff peak discharge due to a given rainfall over the
drainage area A;,. Procedures for such an estimate are detailed in
hydrology handbooks, as well as generic civil engineering handbooks

(e.g., Seelye 1960). The simplest procedure is to use the so-called
"Rational Formula,’ that is:

Q=Cl4, )

where

Q = runoff peak discharge of watershed in cubic feet per sec-
ond (cfs) due to maximum storm assumed

C = coeffici