





of the soil and geotextile system’s clogging and retention potential. This relationship is expressed
in the following equation:

i
GR=-" (4.20)
|
9
where
GR = Gradient ratio
i = Hydraulic gradient of geotextile and 1 inch of soil
1y = Hydraulic gradient between 1 inch and 3 inches of soil

This relationship is illustrated schematically in Figure 4.28. The gradient ratio will rise when soil
particles get trapped in the geotextile, and it will if soil particles pass through the geotextile. The
general criteria recommended in using this ratio for selection and design of the geotextiles is
given by the U.S. Army COE as:

GR <3

Figure 4.28. A schematic presentation of the gradient ratio test (ERES, 1999).

The guidelines or design criteria for selecting Geotextiles are summarized in Table 4.7.
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Table 4.7. Summary of the design criteria for selection and adoption of geotextiles

(FHWA, 1992).
|. SOIL RETENTION CRITERIA

Less than 50% Passing No. 200 Sieve

Steady-State Flow Dynamic Flow
AOS* Ogs < B Dgs Can Move Cannot Move
CU<2o0or>8B=1 095<Dss 050 <0.5 Dgs

2<CU<4B=05CU
4<CU<8B=8/CU

Greater than 50% Passing No. 200 Sieve

Steady-State Flow Dynamic Flow

Woven Non-woven

095 < Dgs 095 < 1.8 Dgs OSO < 0.5 Dg5

AOS No. (fabric) >No. 50 Sieve

Il. PERMEABILITY CRITERIA

A. Critical / Severe Application B. Less Critical / Severe Applications (with Clean
Medium to Coarse Sands and Gravels)

k (fabric) >10 k (soil) k (fabric) >k (soil)
I11. CLOGGING CRITERIA
A. Critical / Severe Application B. Less Critical / Severe Applications
Select fabrics meeting Criteria I, 1. Select fabric with maximum opening size possible
I1, IIB, and perform soil/fabric (lowest AOS number)
filtration tests before specifying. 2. Effective Open Area Qualifiers:
Suggestied performance test Woven fabrics: Percent Open Area >4%
methods: Gradient Ration < 3 Non-Woven fabrics: Porosity >30%

3. Additional Qualifier (Optional): Ogs >3 D5

4. Additional Qualifier (Optional): O;5 >3 D5

* AOS = Apparent opening size, the US standard sieve number whose opening size is closest
to the seotextile opening size.

CU = Coefficient of uniformity
Og¢s = Apparent geotextile opening equivalent to sieve size allowing less than 5 percent by

weight of glass beads through
D85 =85 % by weight smaller than particle size diameter D, in inches

k = Coefficient of permeability
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4.6 INTERCEPTION OF GROUNDWATER

To minimize detrimental effects of water in the pavement structural system, it is important to
install subsurface drainage systems which will effectively drain the water. There has been a
growing awareness of the need for effective drainage systems. Most of the drainage emphasis
has been on the removal of moisture that infiltrates through the surface of the pavement and
water that enters from below into the base course. However, it has long been recognized that the
control of groundwater at some distance away from the pavement is an essential part of any
effective highway subsurface drainage system (Cedergren, 1974a). One has a choice in the
handling of groundwater. Either it can be drained at the point of the roadway foundation
material, or it may be removed prior to reaching the foundation. The latter alternative will be the
better one in cases where groundwater is a significant contributor to the source of water in the
base materials.

The most common groundwater control systems are the interceptor drains, which are illustrated
in Chapter 2 by Figures 2.11 and 2.13.

An illustration of a field situation near a pavement section with hillslope seepage is shown in
Chapter 2 by Figure 2.23. The soil profile has a bottom boundary layer which is considered to be
effectively impervious. The ground water flow toward the highway shows that the water table
intersects with the hillslope surface near the road ditch, and ground water seeps through the slope
into the ditch. In addition, ground water is flowing beneath the road and entering into the
subgrade and base course material.

Placing an interceptor drain upgradient from the ditch, or beneath the ditch itself, can help to
control the hillslope seepage and decrease or even eliminate the flow beneath the roadway, thus
removing the source of the water entering into the pavement foundation. An illustration of the
situation with an interceptor drain is shown in Chapter 2 by Figure 2.24. It is seen there that the
water table is drawn down by the interceptor drain to the level of the drain.

The design of an interceptor drain requires an estimate of the hydraulic conductivity of the
hillslope soil (K), the thickness of the saturated zone for the ground water (height H in Chapter 2,
in Figure 2.11), the slope of the bottom boundary of the soil profile (S), and the height of the
drain above the impermeable boundary (H,). If we want to prevent ground water from entering
into the subgrade and base course material, then the interceptor drain needs to be placed at an
elevation below that of those foundation layers, as was shown in Chapter 2 by Figure 2.24.

The sizing of the interceptor drain is determined from the calculation of the rate of ground water
collected by the drain. This flow can be calculated using the charts in Figure 4.29 (Moulton,
1980). An example using this figure is in Appendix D (see Example 4.12). We should reiterate
that it is important that the drain be free flowing with no backpressure as the design chart is
based on the assumption that the drain is free flowing.
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Figure 4.29. Chart for determining rate of flow into an interceptor drain (Moulton, 1980).

It should be noted that the deeper the drain placement, the smaller the value of H, is, and the
higher the discharge to the drain will be. If the drain is placed at the bottom of the soil profile,
directly on top of the impervious boundary, then the drain will collect all of the groundwater and
then none will then flow beneath the roadway. Of course, it is only necessary to drop the water
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table below the elevation of the subgrade and it is therefore not necessary to place the drain at
such large depth.

4.7 APPLICATIONS OF MODELING IN DESIGN OF SUBSURFACE DRAINAGE
SYSTEMS

4.7.1. MnDRAIN

Mndrain is software for evaluating the effectiveness of edge drains. It is primarily a tool for
assessment of design decisions and not for providing design decisions (Voller, 2002). It is
recommended that once the designer has completed the design of an adopted subsurface drainage
system, evaluation of the effectiveness of the system be carried out using MnDRAIN.

4.7.2. DRIP

For many years, engineers have needed a concise and user-friendly microcomputer program that
replicates the subsurface drainage design procedures. A microcomputer program titled “Drainage
Requirements in Pavements (DRIP) Versionl.0” has been developed by Applied Research
Associates, Inc. under a contract from the FHWA (contract No. DTFH61-95-C-00008) (Mallela
et al., 2002).

4.7.3. DRIP Capabilities

The DRIP ‘Roadway Geometrics Calculations’ feature enables a user to compute the length and
slope of the true drainage path based on the longitudinal and transverse grade of the roadway, as
well as the width of the underlying base material. The user can perform these calculations for the
two commonly encountered roadway cross-sections, known as the crowned and superelevated, or
uniform slope, sections.

Using this software, one can perform calculations to obtain effective grain sizes (Dx), total and
effective porosities, coefficient of uniformity and gradation, and coefficient of permeability by
entering information on gradation. It is possible to produce plots of the gradations on semi-log
and FHWA power 45 templates.

Total moisture infiltrating the pavement structure from rainfall and meltwater can be computed
using the ‘Inflow Calculations’ program option. The surface infiltration calculations can be
performed using two different approaches—the infiltration ratio approach and the crack
infiltration approach. Computations for meltwater rate can be performed for a variety of soil
types and pavement cross-section depths.

The program offers two permeable base design options, depth-of-flow and time-to drain, by
which a user can design an open-graded base that can handle the inflow entering the pavement

structure.

The program’s Separator Layer Design option allows the user to design two types of separator
layers. These are the geotextile and aggregate separator layers. Based on the gradations of the
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proposed permeable base and the subgrade being designed, the program can be used to verify
whether a separation layer is required or not.

The Edgedrain Design program option allows for design of either geocomposite of fin drains or
pipe edgedrains. Calculations can be performed for edgedrain capacity as well as the outlet
spacing required.

4.8 DESIGN PROCEDURES FOR PERMEABLE BASES IN THE FAA RIGID
PAVEMENTS (HALL, 2005)

Permeable base layers are not directly addressed in the current FAA design procedure. However,
they are allowed in airfield rigid pavement construction. The structural contribution of permeable
base layers is ignored in the design process since they are relatively weak. There is also no clear
consensus on the best location of these layers within the typical section. The construction
specifications for these layers are typically developed by modifying existing guide specifications,
such as Items P-401 or 402 for ATPB and Item P-304 for CTPB. However, the open-graded
nature of these materials prevents the application of conventional techniques for performing mix
designs and specifying their construction. For example, the ATPB mix designs often are
specified on the basis of a gradation and the percent binder content. Permeability, an important
consideration for this base type, is seldom specified or monitored. Furthermore, field compaction
of the mixtures is achieved using method specifications. Acceptance of the mixture is done on
the basis of thickness. Considerable empiricism is used to specify and construct these mixes,
some of which is unavoidable until further research is done.

Stabilized and Permeable Bases and Early-Age Rigid Pavement Performance

There is ample evidence to support the notion that well designed and constructed stabilized and
permeable bases help rigid pavements achieve their long-term performance goals. However,
when the primary functions of the base layer are not fully considered when incorporating them
into the pavement structure, short- and long-term performance deficiencies, such as early
cracking and base pumping, can occur.
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Chapter 5CONSTRUCTION

5.0 INTRODUCTION

This section addresses the construction phase of the design and installation of subsurface
drainage systems as solutions to drainage related problems in pavements. The types of drainage
systems, as well as methods of installation, differs depending on whether the work is being done
on new pavement construction projects or as a rehabilitation of existing structures.

New construction projects would normally be designed to include permeable bases for protection
of the pavement structure from failure due to subsurface moisture-related distresses. These
systems would drain at rates meeting design requirements. On the other hand, existing pavement
experiencing very poor subsurface drainage conditions are most commonly retrofitted with
edgedrains. The most common reason for installing retrofit edgedrains has been to address the
pumping of fines and joint faulting problems in PCC pavements (ERES, 1999).

The process of designing a pavement with a permeable base consists of two main components.
First, a permeable base must have the hydraulic capacity to drain the pavement structure within
an acceptable time and, second, the whole pavement structure must have the structural integrity
to withstand the expected traffic loading over time.

5.1 CONSTRUCTION OF PERMEABLE BASE SYSTEMS

Performance and life of subsurface drainage systems depend on both the care taken during
construction and maintenance as well as the validity of their design (FHWA, 1994). For this to
occur, it is recommended that plans and specifications include specific requirements with respect
to construction activities, thus insuring completed subsurface drainage systems will function as
designed. Necessary maintenance operations should be anticipated and design features should be
included which will facilitate these activities (FHWA, 1994).

5.1.1. Sequence of Construction Operations

The most important elements in the long term satisfactory performance of a subsurface drainage
system are systematic and timely construction practices, accompanied by appropriate quality
control testing and inspection. Adequate preparations of the foundation and subgrade must be
accomplished before initiating construction of the system. These preparations include insuring
that sufficient materials required for the construction of the system are available, that it is
possible to construct some of the self-contained sections of the system in a timely manner, and to
provide adequate protection against damage to or contamination of the system. A recommended
general sequence of construction operations for a subsurface drainage system should follow the
pattern of first preparing the subgrade and/or foundation, then excavating the collector and outlet
pipe trenches, placing the bedding material and installing the perforated pipe in collector
trenches, installing the outlet pipes in their appropriate trenches (bedding aggregate not
required), placing and compacting the collection and outlet trench backfill in compliance with
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construction plans and specifications, placing and compacting the base drainage layer with
underlying filter aggregate or filter fabric as necessary, and finally installing the outlet
appurtenances and markers (Moulton, 1980).

52 CONSTRUCTION OF FILTER/SEPARATOR LAYER

A separator layer is usually a layer of soil, fabric, or other paving material which is typically
placed below the permeable base layer to perform several important functions. The main
functions of a separator layer are to ensure the finer subgrade materials do not pump into the
permeable base when the pavement is subjected to heavy traffic loads, to prevent the penetration
of aggregates into the permeable base layer of the subgrade and to prevent the intrusion of
subgrade soils up into the permeable base, to provide a stable foundation for the construction of
the permeable base, and to act as a shield to deflect infiltrated water over to the edgedrain

For the separator layer to perform satisfactorily over the long term, various combinations of
materials have been used for its construction, including dense-graded aggregate, which is the
most commonly used, asphalt chip seals, dense-graded asphalt concrete, geotextiles, and cement-
treated granular material (FHWA, 1994a).

Figure 5.1. Placement of geotextile around edgedrain.

5.3 CONSTRUCTION OF EDGEDRAINS FOR NEW PAVEMENTS

There are different basic designs of edgedrains in use, including longitudinal edgedrains for
permeable bases and longitudinal edgedrains for nonerodible dense-graded bases.

Nonerodible dense-graded base as used here refers to a stabilized aggregate base material such as
a LCB or AC base. The longitudinal edgedrains with conventional unstabilized, dense-graded
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bases are not recommended because they cannot move water effectively and because of loss of
fines and subsequent clogging of the drains (ERES, 1999).

The edgedrains being installed must be properly designed. These would have the necessary
hydraulic capacity to handle water being discharged from the pavement structure, as well as that
infiltrating through the lane-shoulder joint. The elements of the drainage system will increase in
capacity as the water moves toward the outlet, thus ensuring no weak links exist in the system
(FHWA, 1990). A well designed system would posses the combination of pipe diameter and
outlet spacing, able to provide adequate drainage capacity to handle the design flows. There
should be sufficient inlet points into the edgedrain pipes, strategically placed to accommodate the
inflow (Hassan and White, 1996).

Table 5.1 shows pipe conveyance values for various pipe sizes for the minimum recommended
grade. For ease in maintenance a minimum pipe diameter of 100 mm (4 in) is recommended.

Table 5.1. Conveyance for circular pipes (K).

Pipe Conveyance, ft*/day’
Pipe Diameter (in . -
el (in) Smooth Pipe Corrugated Pipe
(n=0.012) (n =0.024)
3 4,900 2,450
4 10,557 5,279
6 31,120 15,560

“Pipe conveyances computed using minimum recommended grade of 0.35%.

54  INSTALLATION /RETROFITTING OF PIPE EDGEDRAINS

Correct line and grade are critical to proper functioning of edgedrains. It is critical that outlet
pipe in the trench is placed correctly, avoiding high or low spots in the trench. The trench
backfill material must be compacted properly to prevent future maintenance problems with early
deterioration of the shoulder. Another critical part of edgedrain installation is to ensure there is
no water entrapment. This can be avoided only when the outlet pipe or concrete headwall are
constructed to grade so the pipe drains has proper slope.

Another problem which may occur when flexible plastic tubing is used for the outlet pipe is pipe

curling. Properly installed concrete headwalls should solve this problem. This is also the reason
installation of rigid pipe outlet is also recommended.
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The following section offers Mn/DOT recommended procedures for installation of subsurface
drainage systems. This has been acquired from section 2502 of Mn/DOT Standard Specifications
for Construction (Mn/DOT, 2005).

5.5 SUBSURFACE DRAINS

This section discusses procedures for construction of subsurface drains, using plant-fabricated
pipe and appurtenant materials, which are installed to collect and discharge water infiltrating into
the pavement system (pavement edge drain), collect and discharge water accumulated in the
bottom of a granular-backfilled subcut (subcut drain), and to cut off or intercept ground water
flowing toward the roadway (cut-off drain).

Subsurface drains include all materials used to collect ground water and conduct it to a discharge
point either at a structure or on a side slope. The typical system will include a drain pipe,
geotextiles, metal oversleeves, radial connecting pipe, discharge pipe, precast concrete
headwalls, and rodent screens.

5.5.1. Materials

The pipe for the drain, which can include the edge drain, centerline drain, or interceptor drains,
needs to be perforated to facilitate water entry. In contrast, the outlet piping, which conducts
collected water to the outlet facility, should be nonperforated, and should be thermoplastic (TP)
piping material. For all pipe materials, fittings used in connecting multiple lengths of pipe should
be of the same material as the pipe.

5.5.2. Construction Requirements

The following general guidelines should be followed, but if special needs apply to the conditions
at a specific location the design engineer can specify the alternative requirements.

5.5.3. Excavation

In general, the trench should be excavated at a constant depth so that the bottom of the trench
follows the grade of the road. The depth of the trench should be such that the top of the installed
drain pipe will be no less than 2 inches below the bottom of the base course layer, while also
accommodating a bedding material beneath the pipe that has depth equal to the diameter of the
pipe. The width of the trench should be equal to three times the pipe diameter. For perforated
pipes the bed material should be fine filter aggregate, the specifications of which are given in
Table 5.2, while for nonperforated pipes the bed material can be acquired from material
encountered in the trench excavation. The bed should be shaped so the pipe fits snugly onto it. It
is recommended that the shaping of the bed material be such as to fit at least the lower 30% of
the outside circumference of the pipe.
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Any rock greater than 1 inch encountered within the excavation should be removed to a
minimum width as specified above, and to a minimum depth of one pipe diameter below the

pipe.

Table 5.2. Mn/DOT specifications for fine filter aggregate material.

Sieve size Percent Passing
9 mm (3/8 inch) 100
4.74 mm (#4) 90-100
2.00 mm (#10) 45-90
0.425 mm (#40) 5-35
0.075 mm (#200) 0-3

5.5.4. Laying Drains

Drains shall be laid carefully to line and grade, with uniform bearing throughout and with the
perforations down unless otherwise directed.

All perforated pipe shall be wrapped with geotextile that is factory seamed or produced as a
continuous knit weave. The fabric seam shall be placed at the top of the pipe (opposite the
perforations). Where seams are necessary at fittings or connectors, the adjoining geotextiles shall
be mechanically fastened, or overlapped a minimum of 150 mm (6 in).

Pipe sections shall be joined securely with the appropriate coupling bands or fittings. Solvent
type joints shall be cemented unless otherwise specified. Upgrade ends of all subdrain pipe shall
be closed with suitable caps. All junctions and turns shall be made with wyes or bends and be
suitable for cleaning and inspection.

Where a drain connects with a structure or catch basin, the contractor shall make a suitable and
secure connection through the wall of the structure. Unless otherwise specified, drainage outlets
to the surface shall terminate at a standard precast concrete headwall.

5.5.5. Backfill

After the drain pipe is placed into the trench, the backfill material, which is generally sand or
gravel, is filled in over the pipe. A chute should be used to place the backfill material into the
trench to reduce impact of the backfill material onto the pipe. Once a minimum of 6 inches of
backfill has been placed over the pipe the backfill should be compacted. A vibratory wheel
compactor can be used for this purpose. For perforated pipes the backfill material should be fine
filter aggregate, similar to that described in Table 5.2, up to at least 6 inches above the pipe. For
elevations above that, the backfill material can be acquired from materials encountered during
the excavation of the trench. For nonperforated pipes the material for the entire backfill can be
acquired from materials extracted during the excavation of the trench.
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5.5.6. Drain Outlets
Precast Concrete Headwall

Pavement drains will outlet to the side ditch through a discharge pipe and it is important to
protect that discharge pipe from being damaged by mowing operations, vehicles driving off the
shoulder, and entry of rodents. To protect outlets for drain pipes it is recommended that precast
concrete headwalls be used (Figure 5.2). The uppermost point of the headwall is placed flush
with the slope of the outlet ditch, and should be at a minimum downward grade of 2% so as not
to back discharge water. The discharge pipe outlets through the concrete headwall at an elevation
of 12 inches or more above ditch grades whenever possible, with the absolute minimum being 6
inches, and this elevation then determines the position of the headwall on the sideslope. The
earthen side slopes adjacent to the headwall should be shaped to conform to the sides and toe of
the headwall. All soils around and under the concrete headwall outlet should be compacted to
minimize future movement.
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Figure 5.2. Design plans for precast concrete headwall with removable rodent screen (FHWA,

1992).
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Discharge Pipe

The discharge pipe to the drain outlet should be constructed concurrently with the drains and be
laid at roughly right angles to the roadway centerline. The discharge pipe should be fully inserted
and coupled to the headwall, and should be secure enough so that small movements of the
headwall will not cause separation. Suggested ways of securing this connection are to use 3A
grout, a rubber gasket on the pipe, a rubber or plastic gasket cast into the headwall, or by solvent
or gasket joint into a thermal plastic coupling securely cast into the headwall. The connection
between the drain pipe and the discharge pipe will be at a right angle and should be made
through a radial coupling having a minimum radius of 12 inches. This type of connection will
provide easy access for probes, cleaners, and video cameras.

The trench for the discharge pipe along with the backfill material was described above. In the
case of the discharge pipe, however, the grade should have a minimum of 2%.

Turf Establishment

Upon completion of the construction of the outlets, the soil overlying the outlet drain and the soil
surrounding the headwall will be disturbed and exposed, subject to rainfall impact erosion.
Stabilization of the exposed soil is important to prevent erosion around the drainage facility. To
stabilize the exposed soil, seeds, or sod and an erosion control blanket should be applied to the
soil. In many cases the construction of the road will involve more than just the installation of the
outlet drain and the entire slope will have exposed soil. In that case, seeds or sod and erosion
control blankets will again be required to stabilize the ditch surfaces.

Marking Outlet Locations

Outlet locations along the road should be permanently marked for the purpose of finding outlets
for maintence monitoring. A suggested method for the permanent marking is to use 6 by 18 inch
strip of white marking tape. The tape should be placed at the outside edge of the bituminous
shoulder, at right angles to the roadway. the tape can be rolled into the shoulder while the
bituminous is still hot during construction. When two runs of drain pipe come together at a low
point and discharge via a "Y" to a single outlet, there should be two markers placed side-by-side
at 6 inch spacing. In the case where there is no bituminous shoulder, the location should be
marked with tape on the bituminous pavement or by spraying a strip of white paint strip on
concrete pavements.

Inspection and Cleanout

After completion of installation of the drainage pipe, the discharge pipe, and the headwalls, the
installation should be checked to make sure that the systems are viable. Pipes crushed during
construction are a common occurrence, and this will lead to later failures of the drainage
function. The container should be responsible for any crushed, damaged, or misaligned pipes or
misaligned headwalls. A suggested method of inspection is to use a probe mounted on the end of
a flexible fiberglass rod. To be effective for the inspection the probe should be 4 inches long and
have a diameter of one nominal pipe size smaller than the drain pipe that is being inspected. The
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inspection should be conducted through the discharge pipe, radius connection, and at least 3 feet
into the main drainage line to verify that it is open and operative.
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Chapter 6 MAINTENANCE

6.0 INTRODUCTION

Maintenance of pavement subsurface drainage systems is an essential practice for the long-term
success of drainage systems and, subsequently, pavements (Ray and Christory, 1989; Christory,
1990; Fleckenstein et al., 1991, 1994). Maintenance is tightly linked to both design and
construction of pavements. Therefore, support from both stages is necessary for an effective
maintenance program (U.S. DOT, 2002).

According to Baumgardner (2002) most of the State highway agencies that have constructed
subsurface drainage systems recognize that maintenance is a problem. The most common
maintenance problems are vegetative growth around the pipe outlets, rodent’s nests, mowing
clippings, and sediment collecting on rodent screens at the headwall.

An example of vegetative material removed from an edge drain is shown in Figure 6.1, while
an edge drain pipe blocked by a rodent’s nest is shown in Figure 6.2.

Figure 6.1. Vegetative material removed from an edgedrain system (Baumgardner, 2002).
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Figure 6.2. Rodent’s nest (Baumgardner, 2002).

Figure 6.3 and Figure 6.4 show examples of crushed pipes. These pipes were probably crushed
during construction of the subsurface drainage system.

Figure 6.3. Crushed pipe (Baumgardner, 2002).
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Figure 6.4. Crushed pipe (Baumgardner, 2002).

Figure 6.5 is an example of a typical outlet pipe hidden due to vegetative growth, while Figure
6.6 shows a pavement marker to indicate the location of an outlet.

Figure 6.5. Hidden outlet pipe (Baumgardner, 2002).
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Figure 6.6. Painted arrow as a reference marker (Baumgardner, 2002).

Figure 6.7 present an example of excessive erosion at an edge drain outlet, while Figure 6.8
shows an outlet protected with a headwall.

Figure 6.7. Excessive erosion at the outlet pipe (Baumgardner, 2002).
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Figure 6.8. Large outlet pipe headwall (Baumgardner, 2002).

6.1 MAINTENANCE PROGRAM

A maintenance program comprises of several phases. The most effective maintenance programs
use a five-phase approach, the steps to which are listed below (U.S. DOT, 2002):
1. Routine inspection and monitoring
Routine preventive maintenance
Spot detection of problems
Repair
Continued monitoring and feedback

ol

However, because of different reasons, such as budget constraints, and shortsighted economics,
most state DOT maintenance programs use only the phases of spot detection and repair, although
inspection, in conjunction with preventive maintenance, has proven to be many times more cost
effective (a $3 to $4 return on each $1 invested) than detection and repair programs (Geoffroy,
1996; Ridgeway, 1982).

In a survey carried out by U.S.DOT (2002) several respondents noted that program managers
may not be aware that the lack of subsurface drainage maintenance has a delayed effect on
pavement performance and, therefore, on future system costs.

According to U.S. DOT (1992), program managers often do not have adequate information with
which to plan overall allocation of funds within their transportation facilities. A strong
commitment from the general office to fund standard subsurface drainage maintenance is needed
to prevent the loss of drainage and subsequent premature failure of a costly pavement.
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A brief description of the above mentioned phases presented in the following sections.

6.1.1. Inspection and Monitoring

The inspection phase of maintenance provides important data on the effectiveness of drainage
elements and the need for further maintenance (U.S. DOT, 2002). This phase includes visual
inspection and effectiveness testing. Visual inspection consists of inventorying outflow
following storm events and assessing outlet condition. Outflow inventories generally are
qualitative (e.g. high, moderate, low, and no flow).

Visual inspection can be significantly enhanced though the use of video cameras (see Figure
6.9). These cameras have proven to be effective tools for identifying fine buildup and other
potential blockages in drainage pipes (Steffles et al., 1991; Daleiden and Peirce, 1997). Ahmed
and White (1993) have proposed a system of inspection for transportation agencies that includes
visual and video camera inspection techniques. Training in the use of video equipment has been
part of FHWA Demonstration Project 87. Demonstrations have been performed in 27 states
(Daleiden and Peirce, 1997).

|
' —

Figure 6.9. Video camera approaching edgedrain (Baumgardner, 2002).

6.1.2. Preventive Maintenance

U.S. DOT identified the following preventive maintenance actions that help ensure good
subsurface drainage system performance (1990):

e (lean and seal joints and cracks.

e Clean and verify grade of outlet ditches.
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e C(Clean catch basins and other discharge points.

e C(lean outlet screen and area around headwalls.
Although the effectiveness of joint seals in preventing the ingress of surface water has proven to
be short-lived, over the long-term the seals are still effective in preventing the wash-in of
particulates that can clog the drainage system (Ridgey, 1982; McGhee, 1995). Guidelines for
joint sealing are reviewed by McGhee and detailed by U.S.DOT, the American Concrete
Pavement Association, and Strategic Highway Research Program (McGhee, 1995; U.S. DOT
1990b; ACPA, 1993; SHRP, 1993).

According to Wells’ and Nokes’ survey results, some states have installed cleanouts to aid in
flushing of subsurface drainage systems, and some states require a minimum pipe size of 3 inch
to allow for flushing (1993). Most require wide curves for outlet connections to facilitate
insertion of a flushing unit (Figure 6.10).

Figure 6.10. Pipe flushing unit (Baumgardner, 2002).

One of the detriments to an effective strategy for maintaining pavement subsurface drainage
systems is the inability to locate outlets for visual inspection and maintenance (U.S. DOT, 2002).
One way to avoid this is to install reference markers and permanent concrete headwalls, as
shown in Figures 4.6 and 4.8. More than 20,000 prefabricated headwall outlets were reported to
have been installed in 1993 by the 20 states responding.
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6.1.3. Repair

It is generally accepted that once pavement damage from blocked subsurface drainage is visible,
the damage is irreversible and the pavement life has been shortened. For this reason, any
problems observed, no matter how minor in appearance, should be addressed immediately to
confine them to a localized area (Ray and Christory, 1989).

Usually, both pipes and outlets are accessible for maintenance, but aggregate and filters can be
maintained only by removing costly surface materials. Damaged or nonfunctional outlets,
clogged outlets, buried outlets, deposits at outlets, and water above outlets need prompt attention,
because distress in pavement is imminent, and it is often too late for maintenance to help. When
blockage is apparent in the drain line, flushing may be performed. However, if flushing is not
successful, the drain line may require replacement (U.S. DOT, 2002).

6.1.4. Continuous Monitoring and Feedback

Monitoring is a continuous improvement process, especially for pavement sections that did not
perform as well as intended. However, improvements are achieved only through providing
feedback to the design and construction groups. Maintenance should provide inspection results
along with performance indicators to both design and construction for review. In addition to
this, information on the performance of treatments and costs to apply them should be fed into the
Department of Transportation’s pavement management, maintenance management, and cost
accounting systems (U.S. DOT, 2002).

Different methodologies for pavement management and maintenance strategies are reviewed by
Geoffroy and Zimmerman and ERES (Geoffroy, 1996; Zimmerman and ERES, 1995). FHWA is
currently considering video inspection as a potential pavement management systems tool. A
training program for maintenance staff on subsurface drainage strategies and their importance to
long-term pavement performance should also be a part of the feedback process.

Figure 6.11 shows an example of an inspection form used during construction and also for
maintenance purposes by the Kentucky Department of Transportation (U.S. DOT, 2002).
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Figure 6.11. Construction and maintenance inspection form (U.S., DOT, 2002).

MAINTENANCE CURRENT PRACTICE

The results of a survey carried out by the Department of Transportation indicate the following
(U.S. DOT, 2002):

Many respondents have little information on the maintenance activities of their agencies
and many agencies have more than one policy, depending on the responsible individuals
in each maintenance jurisdiction. Most respondents agreed that maintenance of the outlets
is the single most important maintenance task that contributes to long-term performance
of pavement subsurface drainage systems. However, locating the outlets was noted as a
problem. Of 33 agencies that reported using edge-drains, 39% use posts to locate outlets,
9% use markers on the pavement, 9% stake the location or use the headwall, and 21%
reported having no markers system. The remaining 22% did not provide a response.
Outlets that are crushed, plugged, or under water, poor grades on the outlet pipe, and
plugged rodent screens were cited as problems leading to system failures.

Only nine states indicated that they have a program for periodic subsurface drainage

maintenance inspection. Most states require a yearly inspection of the outlet condition.
Some have follow-up actions, depending on findings of the inspection. Ditch cleaning,
pipe flushing, and total replacement are actions states take based on inspections. Many

141



respondents indicated that many maintenance groups select their own maintenance
strategies with little central control (i.e., with little uniformity of application of
technology).

One concern expressed by the designers is that there is insufficient control over the flow
of money into maintenance activities and, therefore, the designers cannot predict whether
any maintenance will get done. For this reason, design level decisions may not be the
most appropriate for evaluating actual maintenance capabilities.

All designers surveyed expressed the importance of maintenance to pavement subsurface
drainage systems. However, there appears to be a lack of confidence that maintenance
support will be consistent and can be relied upon when design decisions are made. Most
designers expressed a desire for training of maintenance staff, and some also expressed a
desire for more basic research in the maintenance area.
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Chapter 7 COST ESTIMATION: ECONOMIC ANALYSIS

7.0 INTRODUCTION

Cost estimation is a very important issue in subsurface drainage systems for pavements. This
enables us make decisions on the choice of best alternative when evaluating different design
approaches, construction techniques, and maintenance programs for a specific subsurface
drainage project. The costs associated with maintenance of the subsurface drainage system are an
important component of the lifetime cost of a pavement.

Subsurface drainage systems constitute an important part in the total cost of pavements.
However, they are a very cost-effective measure because they will contribute to a longer lifetime
of the pavement. The estimation of costs for a subsurface drainage system can be performed by
considering it as an integral part of the total cost of the pavement (as well as costs for design,
construction, maintenance, etc.), or can be done separately, as a separate project from the
pavement structure. Because of the investment needed for installing any pavement, a life-cycle
cost analysis (LCCA) is required in order to help making the best economical decision.

7.1 LIFE-CYCLE COST ANALYSIS

LCCA is an analysis technique that builds on the well-founded principles of economic analysis
to evaluate the overall long term economic efficiency between competing alternative investment
options (U.S. DOT, 1998). LCCA is an award procedure commonly used for designing and
building highway pavement projects (Gransberg and Molenaar, 2004). According to Scott, a
LCCA should be accomplished for all pavement designs (2003). Costs in the analysis have to
include future maintenance, repairs, rehabilitations, user expenses from the loss of usage, and
initial cost.

There are computer programs available to perform life-cycle cost analysis, such as RealCost,
which is a Microsoft Excel 2000 based workbook that was developed for cost evaluation of
pavement rehabilitation alternatives. In the following, a brief description of the economics
indicators included in a LCCA is presented, based on those presented by the U.S. DOT (1998).

7.2 ECONOMIC INDICATORS

The most common indicators available for the analysis include the benefit/cost (B/C) ratios, the
internal rate of return (IRR), the net present value (NPV), and the equivalent uniform annual
costs (EUAC). Many of these indicators are thoroughly discussed in OMB (1992).

Benefit/cost analysis or ratio represents the net discounted benefits of an alternative divided by
net discounted costs. B/C ratios greater than 1.0 indicate that benefits exceed cost. The B/C ratio
approach is generally not recommended for pavement analysis because of the difficulty in
sorting out benefits and costs for use in developing B/C ratios.
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Internal Rate of Return, primarily used in private industry, represents the discount rate necessary
to make discounted cost and benefits equal. While the IRR does not generally provide an
acceptable decision criterion, it does provide useful information, particularly when budgets are
constrained or there is uncertainty about the appropriate discount rate.

Net present value, also called net present worth, is the discounted monetary value of expected net
benefits. NPV is computed by assigning monetary values to benefits and costs, discounting
future benefits (PVpenefits) and costs (PVoss) using an appropriate discount rate, and subtracting
the sum total of discounted costs from the sum total of discounted benefits. Programs with a
positive NPV value increase social resources and are generally preferred, whereas programs with
negative NPV should generally be avoided. NPV is considered to be the economic efficiency
indicator of choice.

The basic formula for computing NPV is:

NPV =PV, - PV

costs

(7.1)

enefits

Because the benefits of keeping the roadway above some predetermined terminal service ability
level are the same for all design alternatives, the benefits component drops out and the formula
reduces to:

NPV = Initial Cost + >, Rehab Cost, ;n (7.2)
k=1 (1 + i) K

where
11s the discount rate (fraction)
n is the year of expenditure

Equivalent uniform annual cost represents the NPV of all discounted cost and benefits of an
alternative as if they were to occur uniformly throughout the analysis period. EUAC is a very
useful indicator when budgets are established in an annual basis. A common way of determining
EUAC is first to determine the NPV, and then convert it to EUAV using the following formula:

1(1+1)"
(1+i)" -1

EUAC =NPV (7.3)

7.3 POTENTIAL INCREASE IN MAINTENANCE COSTS

If the subsurface drainage system is not installed correctly, or is not well maintained, excess
water will not be properly removed from the pavement. If this happens, the lifetime of the
pavement will be reduced and/or the maintenance cost to prevent this reduction will increase.
The increase in maintenance costs of the pavement, due to the potential excess water, can be
calculated as a fraction of the increase of construction costs of the pavement.
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Arika et al proposed that the increase of construction cost could be estimated in a preliminary
way by estimating the decrease in fatigue life of the road due to the increase in water content in
the subgrade material (2006). Then it will be possible to determine the actual lifetime of the road
and the time when the road needs to be replaced. The construction cost of the pavement will
increase, in the long range, because it will be replaced earlier than expected. This approach is
developed next.

From Otto and Nieber (2005), cited by Arika et al. (2005), it can be observed that the fatigue life
of the road decreases consistently when the water content of it increases (see Figure 7.1). In
other words, any relative increase in water content of the road can be associated with a relative
decrease in fatigue life of the road (see Figure 7.2).
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Figure 7.1. Relationship between fatigue life and water content (Arika et al, 2006).
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Figure 7.2. Decrease in fatigue life due to increase in water content (Arika et al, 2006).

Using LCCA, it is possible to calculate the annual construction cost of the road along its
lifecycle. So, if the decrease in fatigue life of the road, from Fig. 7.2, is associated with a similar
decrease in its lifecycle, it would be possible to calculate a new EUAC and, therefore, the
increase in the construction cost of the road. In other words, if the lifecycle decreases, the
EUAC will increase and the annual construction cost of the road will also increase, as is shown
in Figure 7.3.

For example, an increase of water content of 5% will decrease the fatigue life of the road and,
therefore, in its lifecycle, by about 20%. For a normal lifecycle of 20 years, the reduced lifecycle
would then be around 16 years. Using a market discount rate (i) of 0.07, the new EUAC will be
0.1062, instead of 0.0944, representing an increase in construction costs of about 12.5%. For an
increase of water content of 8%, the new lifecycle will be about 10.5 years (from Figure 7.2),
and the increase in the construction cost will be about 32% (from Figure 7.3).
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Figure 7.3. Increase in construction costs due to increase in water content (Arika et al, 2006).
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Appendix A

OUTLINE: RECOMMENDED PROCEDURES FOR
SELECTION, DESIGN, CONSTRUCTION AND MAINTENANCE
OF SUBSURFACE DRAINAGE SYSTEMS



Conduct Drainage Needs Analysis
. Evaluation/Survey Site. Quantify Water
Net Inflow intoPavement Subsurface

l

Survey/Evaluation
Roadway Geometry; Soil properties;
Surrounding Land Topography;
Groundwater Table; Climate (Temp., Precipit.)

)

Quantifying inflow
to Pavment Subsurface:
Rainfall, meltwater, groundwater, seepage, vapor)

Follow Pro:edures Ch3

( Seepage Watert ) ( Groundwater ) ( Vapor/Condensation )

Rainfall/Snowmelt

I

Dertermine Hydraulic properties
of the pavement's Permeable
Baseand/or Subbase Layers

—
( Time-to-Drain ) ( Steady-state flow )
|

Will Drainage Help?

YES

No

Select Drainage System Based
on Quantity and Sources of Water
Drainfollowing Procedures (Ch. 3)

|
Design Collectors,

Outlet Spacing, and
Outlets frequency

Conduct Design
of Selected Sub-
Drainage
System

©
Figure A-1. Outline of recommended procedures for selection, design, construction and
maintenance of subsurface drainage system for highway pavements.



DESIGN OF SUBSURFACE DRAINAGE SYSTEMS: RETROFITTING
EXISTING PAVEMENT STRUCTURESS

Procedure for analysis and design of subsurface drainage
systemsfor highway pavements

A. Assemble all relevant, available data on highway and
subsurface geometry, index properties and performance
characteristocs of soils and materials, depth of
precipitation and frost penetration.

|

B: Determine Net Inflow that must be removed by
pavement subdrainage system. Gross inflow is water
from all sources contributing to structural saturation
include: groundwater, infiltration ,melt from thawing ice
lenses in subgrade

|

Based on Data: Is

@ Sub-Drainage Necessary?

Is Base / Subbase Drainable?

T
YES
¥

C: Analyze/Design pavement drainage layer(s)
to provide for rapid removal of water from
pavement system. Evaluate need for filter layers
or special treatment of the subgrade

|

D: Analyze and/or design collection system(s) to
provide for disposal of water removed from pavement
drainage layers. Includes location and sizing
of longitudinal and transverse collector drains,
selection of filter material, determine outlet spacing

|

E: Conduct critical evaluation of the results
of steps C and D above with respect to longterm
performance, construction, maintenance and
economicsof the proposed pavement drainage
system

Figure A-1. Outline of recommended procedures for selection, design, construction and
maintenance of subsurface drainage system for highway pavements (cont’d).
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)

Construction of subsurface drainage
systems for highway pavements

| Preparation of Subgrade and/or Fondation for the Drainage System |

| Excavation of Collector and Outlet Pipe Trenches |

Placement of Bedding Material and Installation of
Perforated Pipe in Collector Trenches

)

Installation of Outlet Pipes in Appropriate Trenches

)

Placement and Compaction of Collection and Outlet Trench
Backfill in Compliance with Construction Plans and Specifications

)

Placement and Comapction of Base Drainage Layer with Underlying
Filter Aggregate or Filter Fabric as Necessary

)

| Installation of Outlet Appurtenances and Markers |

| Construction of Pavement and Shoulders |

Pavement Markings and Arrows ldentifying location
of Collector Pipes andOutlets

Seeding of Right-of-Way and Ditches |

Video Tape edgedrain with flexible fiber
optic equipment for improved construction quality
and minimized problems during future maintenance

Figure A-1. Outline of recommended procedures for selection, design, construction and
maintenance of subsurface drainage system for highway pavements (cont’d).
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Maintenance of subsurface drainage
systems for highway pavements

Inspection plan of Edgedrains, Outlets, and Headwalls for
vegetative growth, debris, sediment deposits, rodents nests

y

Reference markers and painted arrows

y

Setup Schedule for Flushing of Corrugated Edge Drain
System for removal of sediment buildup

y

Maintenace of Drainage Material, Collection Pipes, Outlet Pipes

y

Timely and Cautious Repairs of Damages Pavement and
Pavement Shoulder Sections Surface: Repair cracks

Figure A-1. Outline of recommended procedures for selection, design, construction and
maintenance of subsurface drainage system for highway pavements (cont’d).



Conduct Drainage Needs Analysis
. Evaluation/Survey Site. Water
. Determine Saturation of Subsurface material

< .

Survey/Evaluation Quantifying inflow

- Soil Index properties into Subsurface Layers:

- Surrounding Land Topography (Rainfall, meltwater, groundwater, seepage, vapor)
. Groundwater Table

. Climate (Temp., Precipit.)

C Seepage Watert ) C Groundwater ) ( Vapor/Condensation )

Rainfall/Snowmelt

}

Dertermine Hydraulic properties
of Permeable Base and/or
Subbase Layers

( Time-to-Drain ) ( Steady-state flow )
|

Will Drainage Help?

YES

oo

Select Drainage System Based
on Quantity and Sources of Water
following Procedures (Ch. 3)

}

Design Separator layer,
Collectors, Outlet Spacing
Outlet Headwalls

Design
Selected Sub-
Drainage
System

Figure A-2. Outline of recommended procedures for selection, design, construction and
maintenance of subsurface drainage system for highway pavements.

For sections B, C and D of the flow diagram, refer to Figure A-1 above.
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DESIGN PLANS, CHARTS AND TABLES
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Figure B-1. Cross-section of edgedrain (Mn/DOT, 1994b).
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Figure B-3. Detail connection of PE drain pipe to storm sewer (Mn/DOT, 1994b).
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Figure B-5. Typical combination subsurface drainage systems in bituminous pavement



0£b'L62-G

LBBT ‘SZ AYYNYG34

S133HS 40

“ON L133HS

.ozl._uuxa 31v1S

SNIVYQ 30vdunsans

T

"STUYLI0 NOLINULSHOD

QN IIROLY BOJ SHOISIACH T¥1d3es 335 (D

L VT R

@ YLI0 NIVHO YOLJIIYILNI

X=X NOILJ3S

]

© SHOISIADEG TWII3a5 3051
JUYOIN0Y IVIMIL
= Hn Xy \

r LAvd 0D J0vIem]
g..fﬂ_.quﬂ v\ G )
LI
. e ] &
Nara DR
Mp r{ < e b
aws Cue
J AVINEAD 304 KIN
L 10 350 3TN
AYHIAD 40 300
ISIND ONOATE
MIIA NYW

po— AVRAD 20d AN
40 3003 J0151N0

i

b"
L
A3

k-
"
v
h=4
L4
W

W

G . 6. Q

WYH) THivd OIn HO

IHIOr NOTL3W

A

L4

JOWE CLIA 30V fa *L AV "IN T2V NN ——e

L
i

| 2
e 4 v %P o o

NS R

HOLIYIOT MIvED

3003 JunLng

Tavian v.l-_

X

U UILLTY NOLLYOMOMADIZY NOTSID NI MROWS S¥ 1 “031J100n
EYINKYED LI035 MO WYYINYMO 133735 HY YD (2)

THIHINIHL INIHOYA AG 030v1d4 3@ OL

$1 Jdld NIHR QIS 30 ATNO AVA T ‘ON KOLLED “STIVEID

NOTLINYLSNOD ONY WWINILYA HOJ

SHOISTACHS 1713346

135 "S1I3M0W4 1410345 BOJ 0114100M 38 OL 033N -c‘-@

1SILON

3dAL NIVHO 1NJANS ‘NIVHA 30VI8NSEns

(D ( Z "ON NOILdO ) NOLLDIS TWOIdAL

w0l
1 3401 CELC “dvise IWLXIL0DD m.n

NSNS
HYWHYEONON

7/ /.

HiIW “BLEC “3dld 3d "S63d ¥ |/
™

©PZENIE ) JLYIINIOY WILNS INES

LT

/

JEvl
@ Tupove Loens

IV g-n-ﬂuk

@ €1 "ON HOILAO ) NDILIIS TWIldAL

3dld MO SAMIDH
LU TS FIR T

1 3dal “TEIC “dvER JVLNAL00D
MLIN Sr2 “Ddld di S3d VIO @

UoS8Ns
HY WY HONON

V.7,

1 FTEME D
JUVIIUOOY WALV I -

TMIN T

\
-
\\
g

A

YA
(@ Tuoovg inens

L] RA._!BR

SOETONT LS HEMERITD MIANES

Figure B-6. Cross-section of a typical subcut drain type (Mn/DOT, 1994b).

MAS"LER0TKS 3NN TT4

B-6



1€p°L62-G

1661 ‘52 A”vNyd3d

S133HS 40 "ON L33HS "ON "rOdd 3LViS
L66U'SE Ml
SNIVHO 30V.44NSens TErL65 —
E N AT Sl
“TIVROYIH ONY 3did FOEYHOSIO 34 Vevdds
36N 50 NIVHD 3003 01 133N0D TUVIudOiiddy S¥
“4F1 0339K3 S3AVED Ovd Oy
SHIISI @Y - WOW INGY SKDISHD Ovd HOMA 350 0STY
S3IL0N HINDISIO
WOULYIO W04 1TONS 135
“SUVII0 NOLLONHISHOD ONY TWIWIIVA W04 SMIYO 35VE
TAVIIHIIT IMYINKIL B0J SNOISIADH WID34S 335
"SNIVHQ @Yd NI 1M3MiYY 4O4 O3ONDNI 30V1004
*AVAOVOM 40 SIS HAOB OL 1TNN0
TSILON NOILINWLSHOD
NIVHO 8¥d JSHIASNYHL LNIOd MOT TVDIdAL
Jdld 40 £/1 MOLIOA HONOVH
waze a4 i 0 o =
1 34AL EEIE TUINIL0I o]
t SHIvYd 3IavInedd 55,7 Iavaoens
W34S 135 ) IAYOREDOY IWvINGL /\l
=~ s
— |
o
—_—
3w TE WL e 50§ S5V

€AY ) 35V JLVIREDOY TWVENMDY
ANINOAYY

'\).{i.l\va\l\ruﬂ .4-{.{
2dns %S>

Sy SMeag Po-¥vD)
v Sy ws)

BYO0 H04 5T "85V B0 W1
IND Q3SYE MI0JLY W DHIAYY BYd 40 -.—ﬂl%

“O0EI530 41 O3LNLTLSENS 38 AYA 0SLE0L
'S3L0N KI1S30

TOMINOTS HOLLNWISHOD
HIVS0 404 SHOISIADM T113348 335 (D
ESILON MOILINWLSNOD
S3NY SSYJAB OGNV NUNL *NIVHO 8Yd TWIIdAL

_|um-¢ S S5V

ua._..u!nl/-. ¢ T ol s A
/V\\\\. Y/ / IOI Y - LNIMIAYS

5 40 € 5530 MM .f ——
(R U LE S LU
WOS401

TaEt

"WOEH0L B0 WIKILYA INIOVED 133135 40 ININIOW Y
360438 QIHNGHL 30 OV GuND 0rOHIE o9 30 LSIN KONIEL
40 3001 BSH "10wd K S1 GeAD MIidY T 4 vl

NI ST BHND MILIY 0 390439 031NEISHOD 30 dvn Mved (D)
TSILON NOILINULSNOD

S8UNJ ONIH38 NIVHO 8vd TvIIdAL
358 § SSY0 W

IR

€ 4205 “I¥3ldAl 3350

MYE0 Gvd /(\\ /V\\\ _ INrAYY
/ _ . L2

/
—
.._\ e i A E o,
/ TRt s

EMI0WN0NE 11 valu0aw
§ WO [ S5Y1D “NIm o€

TVIMALYA OHIOVHD 123705 -
o504 -

SOHTONY LS SN MSKIYD HIAKES

Figure B-7. Typical PAB drain and their positioning (Mn/DOT, 1994b).
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Figure B-8. Subsurface drainage systems: pavement edgedrain, pavement edgedrain Type I,

permeable base, and permeable aggregate base type I (Mn/DOT, 1994b).
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Figure B-9. Typical edgedrain and discharge plan (Mn/DOT, 1994b).
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Appendix C

ACRONYMS



Acronyms

AASHTO — American Association of State Highway and Transportation Officials
AB — Aggregate Base

ACB — Asphalt Concrete Base

ADTT — Average daily truck traffic

AS — Asphalt Subbase

ASTM — American Society for Testing and Materials
ATB — Asphalt Treated Base

ATPB — Asphalt Treated Permeable Base

CFD — Cubic feet per day

CRCP — Continuously reinforced concrete pavement
CTB — Cement Treated Base

CTPB — Cement treated Permeable Base

ESAL — Estimated single axel load

FAA — Federal Aviation Administration

FHWA — Federal Highway Administration

GB — Granular Base

HMA — Hot Mix Asphalt

JPCP — Jointed plain concrete pavement

JRCP — Jointed reinforced concrete pavement

LCB — Lean Concrete Base

LRRB — Local Road Research Board

LTPP — Long Term Pavement Performance
Mn/DOT — Minnesota Department of Transportation
NCHRP — National Cooperative Highway Research Program
OGBM - Open graded base materials

OGFC — Open-Graded Friction Course

PATB — Permeable Asphalt Treated Base

PCC — Portland Cement Concrete

PCF — Pounds per cubic feet

PSF — Pounds per square feet

SHA — State Highways Agency



Appendix D

EXAMPLES



Example 4.1: Infiltration ratio method

The infiltration ratio method is illustrated by the following example problem:
Given a rainfall intensity (R ) for Duluth, Minnesota of 1.2 inches/hour, and Infiltration ratio (C)
of 0.5, determine the pavement infiltration (q).

Solution
R = 1.2 inches/hour
C=0.5

Substituting into the infiltration ratio equation (Equation 4.2):
qi=2CR=2x 0.5x1.2=1.2 cu ft/day/sq ft
qi = 1.2 cu ft/day/sq ft

Thus, if the pavement is 15 ft wide, the drainage flow required per linear foot of pavement is (1.2
cu ft/day/sq.ft)(15 ft) = 18 cu ft/day/ft. This amount of water would need to be carried by the
permeable base and the edgedrain.

Example 4.2: Crack Infiltration method

Given a highway consisting of two 12-foot lanes of PCC pavement with 10-ft AC shoulders on
either side, or a uniform un-crowned cross slope, with the width of the permeable base being the
same as the PCC pavement. The transverse joint spacing is 20 feet. Determine infiltration into
this pavement.

Known:

Crack infiltration rate (1) = 2.4 cu ft/day/ft of crack
Number of contributing lanes (N) =2

Length of transverse contributing joints or cracks (W) = 24 ft
Spacing of transverse joints or cracks (C;) =20 ft

Width of permeable base (W) =24 ft

Pavement permeability (k) =0

Solution

Determine the number of contributing cracks:
Ne=N+1=2+1)=3
By substituting in equation 4.3

N W
q =l | —+—"|+k,
W WC,
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g, =24 i+ 24 +0
24 24x20

qi=2.4(0.125+0.05) =2.4x 0.175 = 0.42
qi = 0.42 cu ft/day/sq ft

The permeable base discharge is then determined using the equation:
qd= qi Lr
where
qq = Permeable base discharge rate, cu ft/day/ft of base
gi = Pavement infiltration, cu ft/day/sq ft
Lr = Resultant length of base, ft
This discharge, qq, represents flow from a lineal foot of the road permeable base into the
edgedrain system.

Example 4.3: Crack Infiltration method

A section of a new Portland cement concrete pavement has two 12ft traffic lanes with 10ft dense
graded bituminous concrete shoulders. Given transverse pavement joints placed at 20ft intervals,
what is the infiltration through the uncracked pavement surface?

K, can be assumed to be insignificant, kp = 0. Then, assuming I, of 2.4 cfd/f, Nc =(N + 1) =3,
Cs=20"; W¢ = 44'ft and W = 24ft

q, =24 i+ i =0.52cfd / sf or 0.5 cfd/sf.
24 24(20)

Example 4.4: Crack Infiltration method

Given a new bituminous concrete pavement for two lanes in a divided 4 lane expressway. If the
highway has traffic lanes which are 12 ft wide, with a 4 ft inside shoulder and a 10 ft outside
shoulder. Then, assuming for "normal" cracking; N¢c = 3; Cs = 40'; W, = 38'; and W = 24" If I¢
= 2.4, and assuming K, = 0. then infiltration (q;) into the pavement can be evaluated as:

q, =24 i+ 8| 0.395cfd / sf or 0.4 cfd/sf.
24 24(40)

Example 4.5: Gravity flow of groundwater

Consider the roadway described in Example 4.2. The permeable base is assumed to be the same
with of the pavement plus shoulders. Determine the flow of groundwater.
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Known:
Width of the roadway (W ) = 44 ft

Depth of impermeable boundary (H,) =5 ft

Water table elevation with drawdown (H ) =15 ft
Hydraulic conductivity of soil (K) = 3 ft/day

Solution
The influence length (L) is estimated from equation 4.5 to be = 3.8(H —H ) = 3.8(15-5) = 38 ft.

This then gives the ratio (\Iflv—) = (%) =44, and ( L +|_(|) W )=( 38;22 ) =12. From Figure

4.7, entering the abscissa with 12, going vertically to the ratio of 4.4, yields an approximate

(H-H,) (H-H,) (15-5)

value of (K —————=)=5.5. The value of q,= (K-———)=((3.0)——
24, 2(5.5) 2(5.5)
cu.ft/day/lineal foot. This value of q2 is used in designing the drain and the thickness of the

permeable base. The value of q,= ( ) ( 4.09 ) 0.18 cu.ft./day/sq.ft.

)=4.09

The lateral flow of groundwater dlrectly into the dram is g, which is computed from
(3.0)(15-5)
2(38)

not pass through the permeable base, but flows directly into the drain.

=K(H-H,)?/2L, = = 3.95 cu.ft./day/lineal foot. This portion of the flow does

Example 4.6: Artesian flow of groundwater

Consider the roadway given in Example 4.2. The confined aquifer lies at a depth of 20 feet
below the base course, and a nearby well in the aquifer has a static water level elevation of 962
ft. The elevation of the base of the base course at the location is 957 feet.

Known:
Static water level in artesian aquifer relative to base course elevation (H,) =962 ft — 957 ft =5

ft
Hydraulic conductivity of the soil layer confining the aquifer (K ) = 0.1 ft/day

Solution:

The upward flow of water to the base course is calculated from equation 4.8 as

9, =K

I_[I)a = (0. 1)(5 Oj = 0.025 cu.ft./day/lineal foot
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Example 4.7: Determining moisture from spring thaw

Given a concrete pavement which is 9 inches thick, with a 6 inch thick granular subbase
designed as a drainage layer overlying a silty subgrade soil, determine the spring thaw flow if:

* the soil has 39 percent of its particles finer than 0.0008 inches (0.02 mm) and is classified as an
ML soil under the Unified Soil Classification system

*the groundwater and temperature conditions at the pavement site are both conducive to frost
action.

Assuming the coefficient of permeability, k, of the thawed subgrade soil is 0.05 feet per day, unit
weights of 150 pcf and 125 pcf for the pavement and subbase, respectively:

The value of 6, = 150(9/12) + 125(6/12) = 175 psf.

The heave rate for this soil can be estimated from Table 2.
0.2 by interpolation as 14+(6/12)11 = 0.77 in./day (20 mm/day). Entering Figure 4.8 with a

heave rate of 20 mm/day, and o, = 175 psf, yields q,, / Jk = 1.32. Therefore, dm = 1.32/ +0.05
=0.2950r 0.3 cfd

It should be noted that the subgrade soil in this example had very high frost heave susceptibility.

Example 4.8: Calculation of resultant slope and slope orientation

Known:

Give a pavement with the following:
Longitudinal slope (S) = 0.02 ft/ft
Cross slope (Sx) = 0.02 ft/ft

Width of permeable base (W) = 24 ft

What is the resultant slope, length, and flow path orientation for this pavement?
Solution:

Substituting into Equation 4.1 for the resultant slope:
Sk = (S?+52)"2=(0.02%+ 0.02%)"*= 0.02828

Sr = 0.02828 ft/ft
Substituting into Equation 2 for the resultant length:

sY) 0.02V)"
L, =W|1+| > — 24x 1+('—j ~33.94
S, 0.02

Lr =33.94 ft
Substituting into Equation 4.3 for orientation of the flow path:
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Given a hypothetical PCC pavement designed with a permeable base drainage width of 24 ft,
determine the design pavement discharge rate required to be removed by edge drains using the
pavement infiltration discharge rate method.

Solution

A pavement infiltration rate of 0.4 ft’/day/ft* is selected for the PCC pavement. The design
pavement discharge rate is calculated as follows:

d, = qW = (0.4 ft’/day/ft*)(24 ft) = 9.6 ft’/day/ft

The spacing between outlets for this system can be determined once the capacity of the drain is
computed. This is done in Example 4.11.

Example 4.11.

A PCC pavement is being designed for a collector road. The proposed pavement section consists
of a 0.5 ft permeable base with a coefficient of permeability of 1,500 ft/day. The resultant slope
is 0.020 ft/ft, and the angle between the roadway cross slope and the resultant slope is 10 The
longitudinal edgedrain is 4 inches on a slope of 0.004 ft/ft. Given these conditions, determine the
design pavement discharge rate using the permeable base discharge rate approach, and determine
the spacing of drain outlets

Solution

For this structure design pavement discharge rate can be determined as follows:

d, = kSgH cos(A) = (1,500 ft/day)(0.02 ft/ft)(0.5 ft)cos(10)=14.8 ft’/day/ft

The flow capacity of an edgedrain, which is a circular pipe, can be determined by Manning’s
equation assuming the pipe is flowing full with no back pressure:

53.2
— D8/381/2
Q n
where

Q = Pipe capacity, ft'/day.

n = Manning’s roughness coefficient.

D = Pipe diameter, inches.

S = Longitudinal slope, ft/ft.

The flow capacity is also just equal to
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Q= qqL
thereby allowing us to compute the outlet spacing L.
The following are suggested values of Manning’s roughness coefficient (FHWA, 1994):

Smooth pipe: n = 0.012
Corrugated pipe: n = 0.024

For this example we use the corrugated pipe (n=0.024). The flow capacity of the pipe is then

53.2 8/3
=—(4 0.004
Q 0.024( ) ( )

1/2

=5,647 ft’/day

The spacing between the outlets is then

L:g: 5,647 =382 ft
14.8

We get the same result if we use the nomograph given in Figure 4.19.
For the required discharge given in Example 4.10, the spacing is

ng:mzﬂo ft
9.6

U

Example 4.12: Calculation of flow rate to interceptor drain

Find the flow rate to the interceptor drain.

Known

Height of the water table upgradient of the drain is (H) = 10 ft.
Slope of the bottom boundary of soils (S) = 0.04 ft/ft

Height of the drain above the impermeable barrier (Ho) =4 ft
Hydraulic conductivity of the soil (K) = 2 ft/day

Solution
First, we calculate the length of influence (L1)

L, =3.8(H—H,) =3.8(10-4) = 22.8 ft

H 4
The ratio (—2)=(—)=04
(H ) (10)
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