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In 1988, the Federal Highway Administration (FHWA)
conducted a field survey (Demonstration Project No. 975,
Permeable Base Design and Construction) of ten States
(California, Iowa, Kentucky, Michigan, Minnesota, New Jersey,
North Carolina, Pennsylvania, West Virginia, and Wisconsin) to
determine design criteria and construction problems for
building permeable bases. Now there are approximately 20
States using permeable bases.

Design procedures have now stabilized so that a comprehensive
design and construction package can be provided to State
highway agencies in the form of Demonstration Project No. 87,
Drainable Pavement Systems. The purpose of this
demonstration project is to provide State highway engineers
with current state-of-the-art drainage guidance on the design
and construction of permeable bases and edgedrains for
Portland cement concrete pavements. This notebook is a blend
of drainage design, materials design, and construction and
maintenance procedures.

A study of retrofit longitudinal edgedrains in ten States was
conducted by FHWA to identify successful drainage practices.
Experimental Project No. 12, Concrete Pavement Drainage
Rehabilitation, investigated different edgedrain systems and
instrumented field sites to determine the effect of the edgedrain
system on drainage of the pavement structure. Basic drainage
design philosophy and practices of the participating States were
studied and discussed in a state-of-the-practice report [2]".
Much of the practical guidance on edgedrains contained in
this notebook is based on that study.

The FHWA provides guidance to the field through the Technical
Paper 90-01 on Pavement Subsurface Pavement Drainage [14].
Most of the technical guidance contained in this notebook is
based on material in that technical paper, particularly the
information on pecrmeable bases.

1 Numbers shown in brackets [ ] are reference numbers.
References are listed alphabetically by author.

1.1 Scope
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1.2 Background

Water in the pavement structure has long been recognized as a
primary cause of distress. Within the past 5 to 10 years,
drainage of pavements has received an increasing amount of
consideration. This was evidenced by the American Association
of State Highway and Transportation Officials (AASHTO) Guide
Jor Design of Pavement Structures (1986) [1] which included
drainage considerations. Because the mechanics of moisture
distress in Portland Cement Concrete (PCC) pavements is well
understood, this discussion will focus primarily on PCC
pavements. However, many of the same principles may be
applied to drainage of asphalt cement (AC) pavements.

One of the primary distress mechanisms observed on PCC
pavements is pumping. Four conditions must exist for pumping
to occur:

1. Free water.

2. Heavy wheel loads.

3. Erodible base.

4. Voids beneath the pavement slab.

Unfortunately, all of these conditions are present on the vast
majority of PCC pavements designed and constructed to date.

The primary source of free water is infiltration through cracks
and joints in the pavement. A major source of infiltrated water
is the longitudinal pavement/shoulder joint, particularly when
AC shoulders are used. Water also enters the pavement section
from shallow ditches and medians.

To reduce water in the pavement section, the following
approaches are recommended:

1. Seal all joints and cracks.
2. Provide drainable pavement systems.

Proper joint sealing can reduce the amount of water entering
the pavement. The technical advisory on joints, T5040.30,
Concrete Pavement Joints [13], provides current guidance on
joint sealing. The importance of joint sealing is recognized;
however, it is beyond the scope of this notebook.
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New or totally reconstructed pavements are excellent
opportunities for constructing drainable pavement systems
since permeable bases can be provided. Drainable pavement
systems remove infiltrated surface water which cannot be
prevented from entering the pavement structure. Drainable
pavement systems consist of the following elements:

1. Permeable Base.
2. Separator Layer.
3. [Edgedrain System.

These elements are shown in Figure 1. This notebook will
provide detailed guidance for the design of these elements.

Aggregate Separator
Layer

Figure 1. Drainable Pavement System Elements

A number of good texts and papers on pavement subsurface
drainage are available [4, 5, 19, and 26].
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1.3 Life-Cycle Costs

1.4 Guidelines for
Selecting Permeable
Bases

CALTRANS Guidelines

Permeable bases must provide an economic benefit to justify
their use. A reduction in life-cycle cost is the ultimate
measuring stick for permeable bases. This reduction can be
accomplished by increasing the service life of the pavement.
One economic study [15] suggested that an increase of 33 and.
50 percent in the service life of asphalt concrete and PCC
pavement, respectively, occurs when permeable bases are
provided.

A recent publication, Asphalt Treated Permeable Material, Its
Evolution and Application, [(16] by the National Asphalt
Pavement Association presents an economic comparison of a
drained and undrained pavement section [Ref. 16, Table 2,

p. 91. It is interesting to note that the initial cost of the drained
section is greater; however, the life-cycle cost is less. A
capsulized version of the table is shown below:

Initial Cost Life-Cycle Cost

Annual ESAL Drained Undrained Drained Undrained

100,000 $196,938 $188,323 $201,809 $228,496

1,000,000 245,437 255,790 243,164 294,606

2,000,000 263,429 291,382 258,505 329,481

A study of this table shows that the undrained section is 13.2%
more costly than the drained section for 100,000 ESAL’s. When
the ESAL'’s increase to 2,000,000, the savings increase to 27.5%.

California’s Department of Transportation (CALTRANS)
pavement structural drainage policy mandates a treated
permeable base under all pavements except where:
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1. The mean annual rainfall is very low (< 5 inches per year).
2. The subgrade soil is free draining (k =2 100 feet per day).

A review of these guidelines reveals that they are very stringent
and would result in permeable bases being used in most cases.

The Wisconsin Department of Transportation has developed
general guidelines for determining when and which type of
permeable bases to be used.

The gradation for Wisconsin Standard No. 1 (OGBC #1) is given
in Table 1.

Table 1. Wisconsin Standard OGBC #1
(AASHTO No. 67)

Sieve Size Percent Passing
1" 100
3/4" - 90-100
3/8" 20-55
No. 4 0-10
No. 8 0-5

1. Target Permeability is 10,000 ft/day.

2. 90% of particles retained on No. 4 sieve should have one
fractured face.

Use when subgrade permeability is less than 10 ft/day.

4. Use with a construction platform of 6 inches of dense
: graded crushed aggregate base course.

5. Minimum thickness of open graded base layer is
4 inches.

PAGE §

Wisconsin’s Department of
Transportation Guidelines
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The gradation for Wisconsin standard No. 2 (OGBC #2) is given

in Table 2.
Table 2. Wisconsin Standard OGBC #2
Sieve Size Percent Passing
1-1/2 100
1" 75-100

3/8" 55-75

No. 4 30-55
No. 10 10-25 q
No. 40 0-10 -
No. 200 - 0-5

1. Target Permeability is 500 ft/day.

2. 90% of particles retained on No. 4 sieve should have one
fractured face.

3. Use when subgrade permeability is 10 ft/day or greater
and place directly on subgrade.

4, Filter Layer criteria must be checked for material
compatibility with subgrade.

5. Minimum of open graded base layer thickness is 6 inches.

(Note: The Wisconsin DOT’s OGBC No. 2 approach is based on
vertical flow of water into the subgrade. To accomplish this,
there is no aggregate separator layer. The permeable
base/subgrade interface must meet the filtration requirement.)
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0

The following guidance is provided to determine when to use
permeable bases: :

Concrete Pavements:
1. Interstate Highways use OGBC 100% of the time.
2. Rural Major Arterials and Minor Roadways:
a. Daily ESAL’s > 500, use OGBC.
b. 250 < Daily ESAL'’s < 500, investigate use of OGBC.
c¢. Daily ESAL’s < 250, do not use OGBC.

3. Urban Situations — use of OGBC #2 is desirable to
. maintain local access and provide for ease of
construction operations.

4. OGBC typically would not be used on an interchange
ramp except on free flow ramps.

'

v Asphalt Concrete Pavements:
Evaluate the use of OGBC on a project by project basis
Other Design Considerations:

Tubular drain should be placed at the bottom of a fabric
lined trench, with the trench remaining open at the top. A
minimum 6-inch underdrain should be used to protect
against the potential for clogging.

Stabilization, if mandated by DOT for maintenance of local
access, shall be paid for by the Department. Otherwise,
stabilization would be the contractor’s option.

The participant notebook is laid out in building block fashion. 1.5 Overview of
The sections build upon each other as the participant Participant
progresses through the notebook. As previously stated, the Notebook

three principal elements of a drainable pavement system are
the permeable base, separator, and edgedrain. The notebook
first provides the necessary technical background to develop
the basic parameters. These parameters are then combined

f\ ' into design procedure and equations required to design each
element of the pavement drainage system.
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Sources of Water

Pavement Infiltration

Aggregates

Porosity

Darcy’s Law

Section 2.0, Sources of Water, and Section 3.0, Water Distress
in Pavements, provide an introduction to the problems caused
by water in the pavement section. Section 4.0, Roadway
Geometry, provides design equations for determining the
resultant slope (Sg) and length (Lg) that will be used in
determining the time to drain (t) (Section 9.0, Time to Drain).

Drainage design begins with Section 5.0, Pavement Infiltration.
This section provides design procedures for estimating water
entering the pavement surface. These flows are necessary for
determining the flow conditions (Section 8.0, Darcy’s Law) in a
permeable base and the outlet spacing (Section 14.0, Edgedrain
Capacity and Outlet Spacing).

Aggregate material design starts with Section 6.0, Gradation
Analysis. The parameters (effective size, coefficient of
uniformity, and gradation charts) used in a gradation analysis
are defined and discussed in this section. These terms are
important in defining the different gradations used for
permeable bases; they provide an engineer with the analytical
tools necessary for comparing gradations.

Porosity (N), effective porosity (N), and percent saturation (S)
define an aggregate material’s ability to store and give up
water. These parameters are defined and discussed in Section
7.0, Porosity, Effective Porosity, and Percent Saturation, and
are necessary to calculate the time to drain (Section 9.0, Time
to Drain).

Section 8.0, Darcy’s Law, defines Darcy’s Law and provides an
insight into the coefficient of permeability (k). The coefficient of
permeability is the single most important design parameter in
the drainage study. It is used to determine flow conditions in
the permeable base and the time to drain. This section provides
engineers with discussions aimed at understanding and
applying the coefficient of permeability. A design chart is
provided to determine the maximum depth of flow in a
permeable base, based on uniform inflow and a free outfall into
an edgedrain system.
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Section 9.0, Time to Drain, combines the drainage parameters
to determine the time to drain. The two principal factors (time
factor (T) and the “m” factor (m)) are defined. Design charts for
determining the time factor based on a specified degree of
drainage are provided. Design procedures are provided for
calculating the time to drain.

It is extremely important for engineers to understand how the
various parameters affect the time to drain. Section 10.0, Time
to Drain Sensitivity, provides a graphic picture of how time to
drain is affected by varying the effective porosity, coefficient of
permeability, slope, length, and thickness of the permeable
base. This discussion provides engineers with a good
understanding of pavement subsurface drainage.

Section 11.0, Permeable Bases, provides practical design
guidance for the design of permeable bases. Both pre- and post-
pave installations of the edgedrain system are covered. Design
guidance to ensure the quality of the aggregate material is
provided. Both unstabilized and stabilized permeable bases are
discussed. Aggregate gradations associated with both types of
bases are presented. Design guidance for both asphalt and
cement stabilized bases is furnished. Practical construction
guidelines and compaction guidance for the different types of
permeable bases are provided.

The separator layer between the permeable base and subgrade
is equally important as the permeable base. An aggregate
separator layer or geotextile must be provided so that fines
from the subgrade are not pumped up into the permeable base.
Section 12.0, Separator Layer, provides design equations and

procedures for sizing an aggregate separator layer or geotextile.

Section 13.0, Longitudinal Edgedrains, provides guidance for
the edgedrain system. Emphasis is placed on the need to
provide a rigid lateral outlet pipe for the outfall. Outlet
reference markers or painted arrows on the shoulder and
headwalls are recommended so that maintenance forces can
locate the outlets. Coordination of the outlet pipe discharge with

Time to Drain

Time to Drain Sensitivity

Permeable Bases

Separator Layer

Longitudinal Edgedrains
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Maintenance

the flow conditions in the roadside ditch is also stressed. A
maximum outlet spacing of 250 feet is recommended.

Hydraulic design of the edgedrain system is provided in Section
14.0, Edgedrain Capacity and Outlet Spacing. Design equations,
tables, and charts are provided to determined the flow capacity
of both smooth and corrugated pipe. Design procedures for
determining the outlet spacing are furnished.

Section 15.0, Maintenance, stresses the need to provide periodic
inspection and maintenance of edgedrain systems. Use of video
equipment on a regular basis for inspection of edgedrain
systems is recommended. If a state highway agency (SHA) does
not have a commitment to maintenance, permeable bases
should not be provided.

Section 16.0, Summary, provides a summary of the main
recommendations, while Section 17, References, provides a list
of references for permeable bases and edgedrain systems.
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2.0 SOURCES OF WATER

The study of pavement drainage must begin by identifying the Sources of Water
sources of water entering the pavement section. It is impera-
tive that the engineer has a good understanding of the sources
of water that occur in the pavement section. Figure 2 shows
the various sources of water [Ref. 10, Figure 4-3.3, p. 222] [Ref.
11, Figure 6, p. 474].

Pavement Inflitration

: : H ~Seepage From
v H : Higher Ground
1 1 !
' VCap:lllary Action E
= : !
E S/Vapor Mov;ements
]
' ; i Rising Water Table
|
—— — WaterTable — —— —
Figure 2. Sources of Water
The sources of water are listed below:
**Surface infiltration. Surface Infiltration

Water entering the pavement through joints and cracks in
the pavement is the single largest source of water-causing
PCC performance problems. The purpose of this notebook
is to address the handling of this water.
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Rising Groundwater

Seepage

Capillary Action

Vapor Movement

e Rising groundwater.

Seasonal fluctuations of the water table can be a
significant source of water into the pavement section.

¢ Seepage water.

In cut sections where ditches are shallow, and
sections of road have flat longitudinal grades or dead
level roads, seepage of water from higher ground may
be a significant problem.

e Capillary action.

Capillary action can transport water well above the
water table saturating the subgrade. Typical values
for capillary rise are 4 to 8 feet for sandy soils, 10 to
20 feet for silty soils and in excess of 20 feet for
clayey soils. This method of water transport is
responsible for frost-heave damage. It is also the
major source of moisture problems in asphalt
concrete pavements.

¢ Vapor movement

Temperature gradients can cause the water vapor,
present in the air voids of the subgrade and pavement
structure, to migrate and condense. Water vapor does
not provide a significant volume of free water in the
pavement structure.

Section 13.5.1, Surface Water Coordination, of this notebook
stresses the need to provide adequate roadside ditch design for
minimizing water entering the pavement section. Ditch design is
a difficult balance of safety considerations, hydraulic design,
and the drainage of the pavement section. Use of pipe
edgedrain systems are stressed in this manual for providing
positive drainage of the pavement section. Roadside ditches
should be designed with the steepest slopes allowed by safety
considerations. Water flow in the ditch must be below the pipe
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M
outlets of the edgedrain system:; if this is not possible, a storm
drain pipe collection system should be provided.

Pavement drainage systems are designed to remove water
resulting from pavement infiltration. These systems should not
be used to alleviate groundwater, artesian flow, etc., conditions.

Again, minimizing water infiltration through the pavement
section by sealing joints and cracks is stressed.







3.0 MOISTURE DISTRESS IN PAVEMENTS

Free water in the subgrade and subbase weakens the pavement
structure for both AC pavements and PCC pavements. If the
pavement section becomes saturated, its ability to support
wheel loads is severely limited.

Moisture distress in PCC pavement is a complex and progressive
reaction. After the pavement slab has been placed, both
thermal and moisture cycles will cause the slab to curl and
warp, creating small voids under the pavement slab at the
joints. As the pavement joint opens up, water will enter the
pavement section and collect in the voids. As heavy wheel loads
approach the joint, the approach slab will deflect downwards,
sending a pressure wave or water jet towards the leave slab as
shown in Figure 3. The approach slab then rebounds, and the
leave slab is pushed downwards as the wheel load crosses over
the joint.

This churning action results in the erosion of material under
the leave slab with some material being deposited under the
approach slab, and the remainder of the material being
pumped up through the pavement joint. Ejection of free water
and this material is called pumping. Material pumped from the
pavement section is usually visible as stains on the pavement
and shoulder.

The pumping action will be progressive, resulting in a drop in
elevation between the slabs which is called faulting. Typical
pavement faulting is shown in Figure 4.

Moisture Distress

PAGE 15
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/— Free Water

SRR

Pavement
Unloaded PCC Pavement

Direction of Travel

Loaded PCC Pavement

Figure 3. Action of Free Water in Concrete Pavements
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Figure 4. Faulting of Portland Cement Concrete Pavement

The next phase in pavement deterioration is cracking of the
pavement slab at mid-panel or third points, with corner breaks,
and joint deteroriation. This is caused by loss of support under
the pavement slab at the joint. The final stage of pavement
deterioration is severe cracking and the complete break-up of
the pavement slab.

Pumping action also occurs at the pavement/shoulder edge
joint. This action can be particularly severe if the shoulder is
asphalt concrete or granular materials. Usually asphalt
concrete shoulders will experience considerable break-up
immediately adjacent to the pavement/shoulder edge joint when
water and frost activity is present. FHWA recommends the use
of widened lanes with or without tied PCC concrete shoulders
to minimize pavement/shoulder joint pumping, and to facilitate
joint seal effectiveness between like materials.
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In designing the drainage of a permeable base, it is important
to use the true slope and length of the permeable layer. The
slope relationships are shown in Figure 5. When the
longitudinal slope (S) is combined with the pavement cross
slope (Sx), the true or resultant slope (Sp) of the flow path is
determined by the equation:

S = (S%+5%)" &)
where

Sr = Resultant slope, ft/ft

S = Longitudinal slope, ft/ft

Sx = Cross slope, ft/ft

The resultant length of the flow path is:

S 2
Lr =W[1+[——] )2 @
Sx
where »
Lr = Resultant length of flow path through base, ft
W = Width of permeable base, ft
The orientation of the flow path can be determined by:
Tan(A) = o 3)
Sx
where
A = Angle between roadway cross slope and resultant slope

Figure 5. Roadway Geometry

Resultant Slope (SR)

Resultant Length (LR)
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In sag vertical curves, the longitudinal slope (S) will decrease
until the low point of the vertical curve is reached. The
longitudinal slope will be equal to zero at the bottom of sag
vertical curves. For horizontal curves, the cross slope (Sx) will
be equal to zero in the transition zone as superelevation is
being achieved. This condition is shown in Figure 6. Any time
one of the slope components is equal to zero, a potential
drainage problem may develop. Therefore on flat roads, both
components of the resultant slope will be equal to zero in the
transition zone for horizontal curves. Engineers should consider
transverse drains to provide drainage at these locations. When
transverse drains are used at transitions, the invert of the
longitudinal edgedrain may be lowered to ensure a slope on the
transverse drain.

Transition Zone

Centerline Proflle
\ st/wf

Edge of Pavement Profile /

Tangent Section | Horizontal Curve
|

Figure 6. Horizontal Curve Transition

These design procedures can be demonstrated by an example
problem.

Given ‘
Longitudinal slope (S) =0.02 fvft
Cross slope (Sx) = 0.02 fv/ft
Width of permeable base (W) =24 ft
Find

Calculate the resultant slope, length, and flow path orienta-
tion.
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N
Solution

Substituting into Equation 1 for the resultant slope:

Sr

(s2+52)12 = (0,022 +0.02%H"2 = 0.02828

Sr 0.02828 fuft
Substituting into Equation 2 for the resultant length:

Lr

w1 +(§S;)2)1’2 = 24x(1 +(%g§)2)1’2 = 33.94)

L

Lr 33.94 ft
Substituting into Equation 3 for orientation of the flow path:

Tan(A) = Si = g—g-g- =

Angle A = 45°

The flow path will be on a line 45 degrees from a line per-
pendicular to the centerline of the road.
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5.0 PAVEMENT INFILTRATION

The hydraulic design of a permeable base can be a difficult
problem. Basically, there are two approaches to the design:

1. Steady-state flow.
2. Time to drain.

In the past FHWA publications [4, 22] have highlighted the
steady-state flow approach. In this approach, uniform flow
conditions are assumed and the permeable base is sized to
carry the design flows that infiltrate the pavement surface.
There are two main problems associated with this approach:

1. Estimating the design rainfall rate.

2. Estimating the portion of rainfall that enters the
pavement.

There is a continuing controversy among hydraulic engineers
over the proper selection of the storm frequency and the time of
(\ " concentration, or storm duration. Also, there is a paucity of
research data on the portion of runoff that enters the pavement
section. Selection of these design parameters are so nebulous
that many engineers now prefer the time-to-drain approach.

The time-to-drain approach is based on flow entering the Time to Drain
pavement until the permeable base is saturated. Excess runoff
will not enter the pavement section after it is saturated; this
flow will simply run off on the pavement surface. After the
rainfall event, the base will drain to the edgedrain system.
Engineers must design the permeable base to drain relatively
quickly to prevent the pavement from being damaged. The
time-to-drain approach will be discussed in detail in Section
9.0, Time to Drain.

Since some engineers still use the steady-flow state approach, it Steady-State Flow
will be discussed here. Steady-state flow would be useful in
determining the required thickness of the permeable base and
outlet spacing. Pavement infiltration (q;, cu ft/day/sq ft of
pavement) is the amount of water entering one square foot of
pavement and can be determined by two methods:

(\,‘ 1. Infiltration ratio.
‘ 2. Crack Infiltration.
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5.1 Infiltration Ratio In the infiltration ratio method, a design rainfall and infiltration
ratio are selected. Pavement infiltration is determined by the
equation:

a = CxRx1/12 (ftin) x 24(hr/day) x (1 ft x 1 ft) “4)
which can be simplified to:

q = 2CR (5)
where

qi = Pavement infiltration, cu ft/day/sq ft of pavement

C = Infiltration ratio

R = Rainfall rate, in/hr

The flow could be expressed in several different units. Cubic
feet per day was selected because it dovetails with the flow rate
produced by Darcy’s equation.

The infiltration ratio (C) represents the portion of rainfall that { 3
enters the pavement through joints and cracks. The following
design guidance for selecting the infiltration coefficient is

suggested:
Asphalt concrete pavements 0.33 t0 0.50
Portland cement concrete pavements 0.50 to0 0.67

Since selection of this value is so nebulous, a value of 0.5 is
suggested. This should produce an adequate design.

Engineers must select a design storm whose frequency and
duration will provide an adequate design. A design storm of
2-year frequency, 1-hour duration is suggested. Hydrologically
speaking, the 2-year frequency represents the average worst
storm that occurs each year. Figure 7 [9] provides generalized
rainfall intensities for a 2-year frequency, 1-hour duration
rainfall. More current detailed information for the eastern
United States can be found in the NOAA publication NWS-35
[24], while detailed rainfall information for the western States
can be found in the appropriate volume of the NOAA Atlas No. 2
[25].

The infiltration ratio method is illustrated by the following ‘
example problem: f ’g




Figure 7. 2-year, 1-hour Rainfall Intensity

Given
Rainfall intensity (Washington, DC) (R) = 1.8 inches/hour
Infiltration ratio (C) = 0.5

Find

Determine the pavement infiltration (qy)
Solution
Substituting into the infiltration ratio equation (Equation 6):

2CR = 2x0.5x1.8 = 1.8 cu f/day/sq ft
1.8 cu ft/day/sq ft

]
di

The Highway Subdrainage Design manual [22] suggests that
the crack infiltration method is a preferred method of design.
Crack infiltration is determined by the equation:

Nc Wc

qdi = 1 W+WE; +kp (6)
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5.2 Crack Infiltration
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where
qi = Pavement infiltration, cu ft/day/sq ft
Ic = Crack infiltration rate, cu ft/day/ft of crack
N; = Number of longitudinal joints or cracks
W, = Length of contributing transverse joints or cracks, ft
Cs = Spacing of contributing transverse joints or cracks, ft
W = Width of permeable base, ft
kp = Pavement permeability, cu ft/day/sq ft

The Highway Subdrainage Design manual suggests a crack
infiltration rate (Io) of 2.4 cu ft/day/ft of crack. Using this
design value for I; eliminates the problem of selecting the
design storm and infiltration ratio. Engineers must remember
that this value is based on a minimum amount of research
data.

The number of longitudinal cracks (N¢) is determined by the
pavement geometry:

1. Number of contributing traffic lanes (N)
2. Uniform cross slope or crowned pavement

The number of longitudinal joints/cracks can be determined by
the equation:

Ne = N+1 @)
where
N Number of longitudinal joints/cracks

N

Engineering judgment must be used in calculating the number
of longitudinal cracks. For example, if the road consists of two
traffic lanes with a uniform cross slope (not crowned), the
number of contributing traffic lanes would be two, and the
number of longitudinal joints/cracks would be three.

Number of contributing traffic lanes

Figure 8 identifies the length of the contributing transverse
joints or cracks (W), the spacing of transverse joints or cracks
(Cs), and width of permeable base (W) in plan view, while
Figure 9 shows the length of contributing transverse joints or
cracks (W,) and the width of the permeable base (W)in a
sectional view.




PAGE 27

5.0

—We

Cs
> >

Cs = SPACING OF TRANSVERSE JOINTS OR CRACKS ~ FT

Wc = LENGTH OF CONTRIBUTING TRANSVERSE JOINTS OR
CRACKS - FT

W = WIDTH OF PERMEABLE BASE - FT

Figure 8. Crack Layout - Plan View

Wc
€C ’1
) )
‘ I
e
TR L

Wc = LENGTH OF CONTRIBUTING TRANSVERSE JOINTS
OR CRACKS - FT

W = WIDTH OF PERMEABLE BASE - FT

Figure 9. Crack Layout - Sectional View
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Preferred Method of
Infiltration Design

The Highway Subdrainage Design manual [22] suggests that
the length of contributing transverse joints or cracks (W) be
equal to the width of the pavement plus shoulders. Most likely
this value will be greater than the width of the permeable base.
In effect, this approach is conservative, suggesting that the
entire width of the pavement, plus shoulders, can enter the
base. It is recommended that the length of contributing
transverse joints or cracks (W) be set equal to the width of the
permeable base (W). This is a more realistic approach.

The subdrainage manual [22] suggests that the transverse
crack spacing (Cs) be taken as the regular transverse joint
spacing for new portland cement concrete (PCC) pavement and
as anticipated average transverse crack spacing for new,
continuously reinforced concrete pavement.

The pavement permeability (k;) represents the flow through
uncracked pavements. For purposes of this analysis, the
pavement permeability for concrete and densely compacted hot
mix asphalt pavements would be zero.

The crack infiltration method provides engineers with a flexible
method for modelling pavement infiltration. By changing the
transverse joint or crack spacing (Cs) and the number of -
longitudinal joints cracks (N;), the engineer can adjust the
model to replicate existing pavement conditions or new design
cracking patterns.

The crack infiltration method is illustrated by the following
example:

Given

The pavement section consists of two 12-foot lanes of PCC
pavement with 10-ft AC shoulders on each side with a uniform
cross slope (not crowned), and the width of the permeable base
is the same as the PCC pavement. The transverse joint spacing
is 20 feet.

Crack infiltration rate (Ic) 2.4 cu ft/day/ft

of crack

Number of contributing lanes (N) 2
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Length of transverse contributing joints

or cracks (W¢) = 24 ft
Spacing of transverse joints

or cracks (Cs) = 20ft
Width of permeable base (W) = 24 ft
Pavement permeability (kp) =0

Find
Determine the pavement infiltration.

Solution

Determine the number of contributing cracks (Equation 8):

Ne =N+1=@2+1) =
Substituting into the crack infiltration equation (Equation 7):

@ = w wcs]
_ a3, 24
@ = 24[24 24 x 20]*0
G = 24(125+0.05) = 24x0.175 = 0.42
q = 0.42 cu ft/day/sq ft

Note that the crack infiltration method produces considerably
less flow than the infiltration ratio method.

After the infiltration rate has been determined, the permeable
base discharge rate can be determined by the equation:

da = dilg 8)
where

qa = Permeable base discharge rate, cu ft/day/ft of base

qi = Pavement infiltration, cu ft/day/sq ft

Lr = Resultant length of base, ft

This discharge represents the flow from a resultant foot of
permeable base into the edgedrain system. This relationship is
shown in Figure 10.

5.3 Permeable Base
Discharge Rate
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Figure 10. Permeable Base Discharge

The following example problem illustrates permeable base
discharge:

Given
Pavement infiltration (q;) = 1.8 cu ft/day/sq ft
Resultant length (Lg) =33.94 ft

Find

Determine the discharge from the permeable base.
Solution
Substituting into Equation 8:

gxLg = 1.8x33.94 = 61.1
61.1 cu ft/day/ft of permeable base

dd
da
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The edgedrain pipe flow can be determined by the equation: 5.4 Edgedrain Pipe
Flow Rate
Q = qqL cos(A) 9)
where
Q = Pipe flow, cu ft/day
qa = Permeable base discharge rate, cu ft/day/ft of base
L = Longitudinal length of contributing roadway, ft
A = Angle between a line perpendicular to centerline of

the roadway and the flow path

This relationship is shown in Figure 11.

1’ STRIP OF BASE

A}/
D\
—_— s — —  —
qd
L Q

Figure 11. Edgedrain Discharge Based on Permeable
Base Discharge

Using substitution of qq = q;Lg and W = Ly cos(A), Equation 9
can be simplified to the following equation:

Q =qgWL (10)
where

qi = Pavement infiltration, cu ft/day/sq ft of pavement

W = Width of permeable base, ft

L = Longitudinal length of contributing roadway, ft
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o, o ]
This relationship is shown in Figure 12.
Edgedrain flow is illustrated in the following problem:

Given
Pavement infiltration (q;) = 1.8 cu f'day/sq ft
Outlet spacing (L) = 250 ft
Width of permeable base (W) = 24 ft

Find
Determine the flow at the discharge of the edgedrain sys-
tem.

Solution

Substituting into Equation 10.

@xWxL = 1.8x24x250 = 10,800
10,800 cu ft/day

Q
Q

Figure 12. Edgedrain Discharge Based on Roadway Geometry
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Gradation analysis is an important tool that aids the engineer in
evaluating a material. Gradation analysis plays a role in the
following design items:

1. Permeability
2. Aggregate separator layer design
3. Geotextile design

As an example, AASHTO No. 57 gradation band is plotted on
FHWA 0.45 power graph paper (see Figure 13). The mid-points
of the band will be used as the representative gradation. The
AASHTO No. 57 gradation is used as a measuring stick for
other gradations because this gradation usually is the most
open and permeable used in highway construction.

The effective size of a gradation is the particle size (in
millimeters) in which 10 percent of the material (D10), by
weight, is smaller. This point is marked on Figure 13. The
effective size is an indicator of a material’s permeability. The
greater the effective size, the larger the particles of material
and the more permeable.

The coefficient of uniformity (Cy) is the ratio of the Dgo particle
size to the D;q particle size. This relationship is given by the
following equation:

Deo

Cu = 11
U D1o 11)
where

Cy = Coefficient of uniformity

Dgo = Particle size in which 60 percent of the material is
smaller, mm

Dio = Particle size in which 10 percent of the material is
smaller, mm

The Dy and Dgg particle sizes of the mid-points of the AASHTO
No. 57 gradation are 5.98 mm and 15.18 mm, respectively, and
are marked as shown in Figure 13.

6.1 Effective Size (D1o)

6.2 Coefficient of
Uniformity (Cu)
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GRADATION CHART
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The coefficient of uniformity is an indication of the spread of
particle sizes. It indicates how densely graded the material is.
It is also an indirect indicator of the material’s permeability.
Open-graded material will have a low range of coefficient of
uniformity. This range is somewhere between 2 and 6, while
densely graded material has a range between 20 and 50. If a
material consisted of equal size spheres, the coefficient of
uniformity would be one.

It is important for the engineer to have a qualitative feel for the
material being used. By superimposing the ASTM soil
classification system on the gradation chart, an understanding
of the material can be obtained.

The ASTM soil classification system has two basic criteria:

1. If more than 50 percent of the coarse fraction of the
material passes the No. 4 sieve, the material is a sand.

2. If more than 50 percent of the material passes the

No. 200 sieve, the material is a clay.
These two criteria are not enough to fully identify a material.
These criteria are superimposed on the gradation chart along
with generalized bands, as shown in Figure 14, to provide the
engineer with a feel for the material being used.

For this notebook, general descriptions of permeable base
material, sand material, and dense graded aggregate base
are provided below:

Permeable base material would have the following characteristics:

1. 100 percent passing the 1-1/2-inch screen.
2. Alow percentage of material passing the No. 16 screen.
3. Large range of percent passing for intermediate screens.

Sand material would have the following characteristics:

1. Approximately 100 percent passing the 3/8-inch screen.
2. Greater than 50 percent passing the No. 4 screen.
3. Little or no material passing the No. 50 screen.

6.3 Material
Identification

Sand

Clay

Permeable Base Material

Sand Material
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Dense graded aggregate base material generally has the Dense Graded Aggregate
following characteristics: Base

1. 100 percent passing the 1-1/2 inch screen.
2. 5to 12 percent passing the No. 200 screen.
3. Coefficient of uniformity between 20 and 50.

Note that the dense graded aggregate base extends over a wide
range of particle sizes.







™ 7.0 POROSITY, EFFECTIVE POROSITY,
AND PERCENT SATURATION

&

Porosity (N), effective porosity (Ne), and percent saturation (S)
are parameters used to indicate an aggregate material’s ability
to store and give up water. The porosity of a material is the
amount of void space in the material. This, in turn, is an
indication of the material’s permeability and ability to store
water. Effective porosity is an indication of the amount of water
that can be drained from the material, while percent saturation
defines the amount of water in a material. A sketch [Ref. 11,
Figure 9, p. 76] showing the weight-volume relationship of a
soil or aggregate is provided in Figure 15. The relationship
between porosity and volume of voids (Vy) is confusing. Porosity
and volume of voids are two different ways of representing the
same parameter—the amount of voids in a soil or aggregate.
Porosity is a ratio, while volume of voids is a volume.

\}A=Voluq|e of Air
Volume v Al
of =¥ Weight
Voids | Vyy=Volume Water Ww= of
of Water
Water
V= TOTAL TOTAL
VOLUME Wr=, D
Volume ; i
. Solids Weight
Vs= of (ol Ws= of
Vg = Wg/Gg Sofids Solids

Figure 15. Weight-Volume Relationship of Water in Aggregate

Porosity is the ratio of the volume of voids in an aggregate or
soil to the total volume. The porosity of a base material
represents the maximum volume of water per unit volume of
material that can be stored. The porosity relationship is

~expressed by the following equation:

Vy
N = V_T (12)

7.1 Porosity (N)
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where
N = Porosity of soil sample
Vy = Volume of voids
Vr = Total volume

If the total volume (V7) is a unit volume (1.0), then the porosity
becomes numerically equal to the volume of voids, as shown
below:

N =Vy 13)

For computation purposes, the porosity (N) is used for the
volume of voids (Vy).

From Figure 15, the following volume relationship can be
written:

Vr = Vy+Vs (14)
where

Vs = Volume of solids
Rearranging the terms:

Vv = Vr-Vg (15)
Then dividing by the total volume (Vy):

% - (1- % ) (16)

The volume of solids is:

R (: S
Vs = 624xGa (17
where
Yd Dry unit weight of material, lbs/cu ft

Gsb

Substituting N for Vy/Vr, and setting Vt = 1.0, the porosity of
the aggregate material can be calculated by the equation:

Bulk specific gravity of material

_ R - S
N = (1-gaxcs) (18)
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Usually, a value of 2.65 to 2.70 is used for the bulk specific
gravity for permeable base material.

Unit weight is an important parameter in drainage design Unit Weight
since it determines the porosity of the soil or aggregate. A
range of unit weights between 121 and 101 pounds per cubic
foot is likely in permeable base design. These values produce a
range of porosities from .28 to .40, respectively, based on a bulk
specific gravity of 2.68.

In the time-to-drain calculation, porosity is used to determine
the amount of water associated with 100 percent saturation.

Effective porosity is a measure of how strongly a soil will hold 7.2 Effective Porosity
water when a saturated sample is allowed to drain under the (Ne)

influence of gravity [10, 11]. The effective porosity is the ratio
of the volume of water that drains under gravity from the soil
sample to the total volume of the sample. It is a measure of
the amount of water that can be drained from a soil. Now the
effective porosity of the material can be obtained by multiplying
the porosity of the material by the material’s water loss. This is
expressed in the following equation:

Ne =NxWL (19)
where

N. = Effective porosity
N = Porosity of the material
WL = Water loss

Guidance for selecting the water loss is provided in Table 3
[Ref. 10, Figure 4-3.23, p. 256] [Ref. 11, Figure 10, p. 78]. A
review of this table reveals a wide range in the amount of water
loss depending on the percent and type of fines in the material.
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Table 3. Water Loss Values - Percentage

Amount of Fines <2.5% Fines 5% Fines 10 % Fines
Type of Fines Filler Sand Clay|Filler Sand Clay|Filler Sand Clay
Gravel 70 60 40, 60 40 20| 40 30 10
Sand 57 50 35| 50 35 15| 25 18 8

¢ Gravel, 0% fines, 75% greater than #4: 80% water loss.
* Sand, 0% fines, well graded: 65% water loss.
® Gap graded material will follow the predominant size.

The effective porosity of an aggregate sample could be
determined by placing a saturated sample of the materialin a
container. By opening a drain on the container, the amount of
water draining from the sample could be measured and the
effective porosity could be determined as a simple ratio of the
volume of drained water to the total volume of the sample.

Effective porosity is used in the time to drain calculations
since it represents the maximum amount of water that can be
stored or given up, respectively.

The following example illustrates porosity and effective porosity.

" Given

Dry unit weight of base course (yg) = 117 lbs/cu ft
Bulk specific gravity of material (Ggp) = 2.68
Water loss (W) = 83.3 percent

Find B
Determine the porosity and the effective porosity of the
material.

Solution

Calculate the porosity by substituting into Equation 13.

S
62.4 X Ggp

I
62.4XGsb B

Porosity = 0.30

N = (1 (1 ) = 030
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Calculate the effective porosity by substituting into
Equation 19.

Ne = NxWL =0.30x0.833 = 0.25
Effective porosity = 0.25

Percent saturation represents the total volume of water (Vw)
present in the base course. It represents the sum of drainable
water and bound water in the base and defines the amount of
water present in an aggregate material as a percentage of the
available volume.

Time-to-drain design procedures assume that the permeable
base is saturated at the time to drain and that there is no
additional inflow to the base once the rainfall has ceased.
Therefore, saturation is 100 percent and:

Vw =Vy ' (20)
where

Vw = Volume of water
Vy = Volume vof voids

The amount of water that drains equals the effective porosity
times the percent drained.

Drained water =N, x U ; 21)
where

N, = Effective porosity
U = Percent drained

The volume of water present in the base is:

Vw = Vy - Drained water

Vw =Vy - (Nex 1) (22)
The percent saturation can now be determined:
Vv
5 = yox100 (23)
v

It should be noted that the base course can only be completely
drained (Percent Saturation = 0) if the effective porosity is equal

7.3 Percent Saturation
(S)
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to the porosity. As previously stated, the estimated water loss
for permeable bases is approximately 80 percent. This means
that once the base is saturated, approximately 20 percent of
the water cannot drain.

The previous example can be expanded to calculate the percent
saturation.

Given
Porosity (N) =0.30
Effective porosity (Ne) =0.25
Percent drained (U) =50
Find

Determine the percent saturation associated with 50 per-
cent drained.

Solution
Calculate the volume of water in the base.
Remember that Vy is numerically equal to N.
Vw =Vy-NexU=0.30-(0.25x 0.50) = 0.175
Calculate percent saturation of the base.
S =Vw/Vyx100=(0.175/0.30) x 100 = 0.58

Percent Saturation = 58%
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Darcy’s Law has been used since 1856 to define flow conditions
in a soil. This law is based on a number of assumptions. The
major assumptions are:

1. Steady-state flow.
2. Soil is a porous and homogenous medium.
3. Laminar flow.

These assumptions may not exist in actual practice. Laminar
flow is smooth flow (opposite of turbulent) in which the flow
streamlines are uniform. Admittedly, some of the more open
permeable bases will not meet this requirement. The discharge
of a permeable base is calculated using Darcy’s Law:

Q =kiA (24)
where

Q = Flow capacity of base, cu ft/day

k = Coefficient of permeability, ft/day

i = Slope of hydraulic gradient, ft/ft

A = Cross sectional area of flow, sq ft

Permeability is a generic term used to indicate the capability of
a soil to carry water, while coefficient of permeability is an
engineering term used to define the flow relationship in a soil.
The coefficient of permeability is the flow rate through a unit
area (sq ft) with a unit hydraulic gradient. The coefficient of
permeability is an indicator of the quality of the material to
carry water; it provides engineers with a standard to compare
the flow capabilities of different materials.

Design Equation

The FHWA'’s Highway Subdrainage Design manual provides a
design equation for calculating the coefficient of permeability
[Ref. 22, Figure 28, p. 511, [Ref. 10, Figure 4-3.24, p. 258], [Ref.
11, Figure 7, p. 74]. Unfortunately, many engineers have had
trouble when calculated results are compared with laboratory
results. With materials variability and laboratory constraints,
the theoretical assumptions cannot be replicated. When
construction variability is also added, the design assumptions
become more nebulous. For this reason the equation will not be

8.1 Darcy’s Law

Coefficient of
Permeability (k)
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Conduct Lab Tests

presented in this notebook. The subdrainage manual contains
good discussions of the factors that affect the cofficient of
permeability design equation. The equation contains the
following three factors:

1. Effective size (D1¢).
2. Porosity (N).
3. Percent fines (P200).

As a general statement, base materials will become more
permeable, as all three factors increase or decrease
correspondingly:

1. The effective size increases.
2. The porosity increases.
3. The percent fines decreases.

The subdrainage manual reports that these three factors
account for 91 percent of the variability in permeability.

Hazen’s Formula

Some engineers prefer Hazen’s approximate formula for
determining the coefficient of permeability. This equation is
provided in the FHWA publication [7, p. 3-20]. Again,
questionable results are obtained depending on the selection of
parameters. For this reason, the equation is not provided in this
notebook.

The best way to determine the coefficient of permeability (k)
is to test representative samples of the material in the
laboratory.

Laboratory Determination of Coefficient of Permeability

It is recommended that the coefficient of permeability be
determined by conducting a constant head or falling head
permeability test on samples of the material in the
laboratory. In this test, water flows through a soil sample
under standard test conditions. Darcy’s equation is applied.
Since the hydraulic gradient and area of the sample are known,
the coefficient of permeability can be determined.
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The permeability tests should be performed in accordance with
AASHTO T 215, Permeability of Granular Soils (Constant
Head), or the U.S. Army Corps of Engineers, Engineering
Manual (EM 1110-2-1906), Laboratory Soils Testing,
Appendix VII, Permeability Tests (Falling Head).

Field Determination of Permeability

The field permeability testing device (FPTD) can be used to
determine the in-situ permeability of a base material. This
device measures the in-situ permeability of a material by
measuring the velocity of flow between two points. The FPTD’s
upper and lower limits are 28,000 feet per day (10 centimeters
per second) and 0.28 feet per day (10'4 centimeters per
second), respectively. Average coefficients of permeability
determined in field testing of the FPTD have shown good
correlation with average laboratory permeabilities. The FTPD
is a research phototype with only two units available in
FHWA. Commercially available devices have not been
developed.

The field percolation test is another method for evaluating the
ability of the existing base material to drain. In a percolation
test, a hole is cored down to the base and filled with water. By
observing the water level in the hole over time, the base’s
ability to drain can be determined. Caution must be exercised
with this method to ensure that percolating water is confined to
the layer being tested. If water escapes along an interface,
through voids, or through an adjacent material, the percolation
test can give false results. In addition, it is important to ensure
that the top of the base is not clogged.

The FHWA publication In Situ Permeability of Base and
Subbase Courses {23] provides guidance for determining in-situ
permeability of base courses.

The hydraulic gradient is the slope of the water surface and
represents the driving force for water flow. Again, for
permeable base design, the slope of the hydraulic gradient is
assumed to be the same as the resultant slope (Sg) of the base.
The importance of using the resultant slope can not be over
stressed.

Field Permeability

Hydraulic Gradient
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Cross-Sectional Area

8.2 Permeable Base
Discharge Equation

(qq)

For the permeable base design, usually a 1-foot wide
representative width of base is selected for design. The cross-
sectional area is expressed by the following equation:

A =Hx1ft (25)
where

A = Cross-sectional area of flow, sq ft per ft of base

H = Base thickness, ft
which simplifies to:

A =H (26)

Recalling Darcy’s Law:

Q =kiA
and substituting:

qq for Q;
SR for i;
and H for A

Darcy’s equation can now be rewritten for base flow:
qa = kSgH 27
where

dd
k

Sr
H

Permeable base discharge, cu ft/day/ft of base
Coefficient of permeability, ft/day

Resultant slope, ft/ft

Thickness of permeable base, ft

Figure 16 shows the parameters used in determining flow in a
1-foot width of pavement.

The base discharge (qq) is then measured in cu ft/day per foot of
base.

The following example problem illustrates the use of Darcy’s
equation:




CONCRETE
Sr PAVEMENT

SECTION

PERMEABLE
BASE

Figure 16. Sketch of Permeable Base Capacity

Given
Pavement Infiltration = 1.8 cu ft/day/sq ft
Resultant Length = 33.941t
Resultant Slope = 0.02828
Coefficient of Permeability = 3,000 ft/day
Find

Determine the required thickness of base.
Solution

Determine the permeable base discharge rate (qq) (Equa-
tion 8).

qa =qiXxLp=1.8x33.94 = 61.1 cu ft/day/ft of permeable base
Determine base thickness by substituting into Equation 27.
qa = kSgpH;
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e
Rearranging the equation H = qq/ (k Sg)

H 61.10/ (3000 x 0.02828) = .72 ft
H = .72 ft. or 8-5/8 inches

Note that this approach produces an unrealistically deep
base course. This suggests that a non-steady flow approach

should be used.

8.3 Comparison of To aid in the understanding of Darcy’s equation, a comparison
Vertical and of vertical and horizontal flow should be made as shown in
Horizontal Flow Figure 17. The coefficient of permeability is the same in each

case.

qv =kiA qh =kiA
=3,000x1x(1'x1") =3,000 x .02 x (0.5' x 1')
= 3,000 ct/day = 30 cf/day

k =3,000 fday
ih = .02 ft/ft
iv = 1 (By Definition)

Figure 17. Comparison of Vertical and Horizontal Flow

For vertical flow, the hydraulic gradient is equal to 1, and the
cross-sectional area of flow is 1.0 sq ft (1 ft x 1 ft). The vertical

flow is:
qv = k i A
gy = 3,000x1x(1ftx1ft)
qv = 3,000 cu f/day
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For horizontal flow, a cross slope of 2 percent (0.02 fv/ft) is
assigned along with a base thickness of 6 inches. The horizontal

flow is:
gn = kiA
gn = 3,000x0.02x(0.5ftx1ft)
qn = 30 cu ft/day

This example illustrates the wide difference between vertical
and horizontal flow. It also demonstrates the correct use of the
coefficient of permeability, hydraulic gradient, and
cross-sectional area.

Engineers often have a problem understanding the workings of 8.4 Discussion of

the coefficient of permeability. The following comments should Coefficient
be studied in detail to obtain a better understanding of the of Permeability
~ coefficient of permeability: and Darcy’s Law

¢ The coefficient of permeability is not a velocity.

¢ The coefficient of permeability is directionless (vertical vs.
horizontal); direction is accounted for by the hydraulic
gradient.

e When a coefficient of permeability is given, it must be
remembered that it was determined by a permeability test
in which a hydraulic gradient of unity (1.0) was used.

e The capacity of a permeable base is determined by Darcy’s
equation (Equation 24) in which the coefficient of
permeability is an element.

To aid in this understanding, an interesting comparison can be
made between Darcy’s Law and steel beam design. The
following comparison can be made:

Darcy’s Law Steel Beam
CoefTicient of Permeability (k) Allowable Steel Stress (f)
Cross-Sectional Area (A) Section Modulus (S)
r\ e Comparison of size
; If the section modulus (S) of a steel beam is doubled, the

carrying capacity of the beam is doubled. If the cross-
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8.5 Non-Steady Flow

I E—
sectional area (A) of a permeable base is doubled, the flow
capacity of the permeable base is doubled.

e Comparison of quality
If the allowable steel stress (fs) is doubled, the carrying
capacity of the steel beam is doubled. If the coefficient of
permeability (k) is doubled, the flow capacity of the
permeable base is doubled.

The coefficient of permeability (k) is similar to an allowable
steel stress (f;). It represents the ability of a flow prism to
carry water.

In the actual application of Darcy’s equation, the flow will

increase as the resultant length of the base increases. The

depth of flow will increase until the drawdown effect of

discharging the water into the edgedrain system is reached.

The slope of the hydraulic gradient will change as the flow q
moves towards the edgedrain. )

To model non-steady flow, a design chart [22] from the
subdrainage manual is provided as Figure 18. The non-steady
flow conditions are shown in the sketch on the figure.

The following example problem compares the depth of base
required for non-steady flow with the depth required for steady
flow:

Given
Pavement Infiltration = 1.8 cu ft/day/sq ft
Resultant Length = 33.94 ft
Resultant Slope = 0.02828
Coefficient of Permeability = 3,000 ft/day

Find
Determine required thickness of base.
Solution
Calculate p = qyk = 1.8/3000 = 0.0006
Entering Figure 26 with p = 0.0006, and SR = 0.02828 fi/ft
Select LgyH = 79
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Figure 18. Chart for Estimating Maximum Depth of Flow

H =3394/79 = 043 ft

H = 0.43 ft, or 5-1/8 inches.
where

H = Required thickness of base, ft

The required thickness of the base is reduced from 8-5/8 to
5-1/8 inches. This is a reduction of 40 percent.

It is important that engineers understand the difference
between the coefficient of permeability and seepage velocity.
Seepage velocity is the average velocity of flow through the

8.6 Seepage (Vs) and
Discharge (V)
Velocities
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]
pore spaces of the aggregate or soil. It is the actual velocity of
the water in the aggregate or soil and would be used to study
particle transport in the base. Confusion develops because the
units (fi/day) are the same as the coefficient of permeability.
The seepage velocity can be developed as follows:

Q = kiA (28)
VsNA = kiA (29)
ki

Vo =N 30)
where

Vs = Average velocity through the pore spaces, ft/day

k = Coefficient of permeability, ft/day

i = Hydraulic gradient, fv/ft

N = Porosity of the aggregate or soil

Discharge velocity is the nominal or average velocity through
the aggregate or soil. It is the theoretical velocity of the water
through the aggregate or soil and would is used to determine
the time of flow between two points in the base. The discharge
velocity is developed as follows:

Q =kiA 31

VA = kiA (32)

V = ki (33)
where

V = Discharge of water, ft/day

k = Coefficient of permeability, ft/day

Hydraulic gradient, ft/ft




PAGE 55

9.0 TIME TO DRAIN

ﬁ

It is imperative that the permeable base drains in a relatively 9.1 General
short time to keep moisture damage to a minimum. Time to
drain is the best parameter for determining the performance of
a permeable base; it is a good standard that meets the needs of
pavement drainage. When rainfall events occur that are
greater than the design storm, the permeable base will fill
with water and excess water will simply run off on the
pavement surface. After the storm event, the permeable base
will drain as designed.

The Corps of Engineers has developed a design approach [8]
that considers both the time to drain and the storage
capabilities of the permeable base. Highway engineers should
be aware of this design procedure.

There are two design approaches for determining the time to Quality of Drainage

r\ drain:
' 1. AASHTO Percent Drained - 50 percent

2. 85-Percent Saturation

Appendix DD, "Development of Coefficients for Treatment of AASHTO Time to Drain
Drainage" (Vol. 2 AASHTO Guide for Design of Pavement '
Structures), provides the following guidance based on draining
50 percent of the free water. This guidance is provided in

Table 4.
Table 4. AASHTO Drainage Recommendations for
Time to Drain
Quality of Drainage Time to Drain
Excellent 2 Hours
Good 1 Day
Fair 7 Days
Poor 1 Month
Very Poor Does Not Drain

This approach drains 50 percent of the water that can be
{ " drained. It does not consider the water retained by the effective
porosity quality of the material.
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85-Percent Saturation

Recommendations

Some engineers argue that the 85 percent saturation level is a
better threshold for pavement damage due to moisture. Table 5
provides guidance (Techniques for Pavement Rehabilitation -
A Training Course Manual [11]) based on 85 percent

saturation:
Table 5. Pavement Rehabilitation Manual Guidance for
Time to Drain
Quality of Drainage Time to Drain
Excellent Less than 2 Hours
Good 2 to 5 Hours
Fair 5 to 10 Hours
Poor Greater Than 10 Hours
Very Poor - Much Greater Than 10 Hours

This method considers both water that can drain and water
retained by the effective porosity quality of the material.

‘The two methods will produce identical results when the water

loss of the material is 100 percent; or stated another way when
the effective porosity of a material is equal to its porosity.

For permeable bases, this argument is somewhat meaningless
since the base material is so open. The water loss will be quite
high—in the range of 80 to 90 percent. This means that for
practical purposes, the results produced by both methods will
be quite close.

A time to drain 50 percent of the drainable water in 1 hour is
recommended as a criterion for the highest class roads with
the greatest amount of traffic. For most other Interstate
highways and freeways, a time to drain 50 percent of the
drainable water in 2 hours is recommended. It should be
remembered that this is only a target value. The goal of
drainage is to remove all drainable water as quickly as possible.
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The time to drain is determined by the following equaﬁon:

t =Txmx24 39
where

t = time to drain, hours

T = Time Factor

m = “m” factor

A design chart for determining the time factor (T) is provided by
Figure 19 [22, p. 86]. The time factor (T) is based on the
geometry of the base course; that is, the resultant slope (Sg) and
length (Lg), the thickness of the base (H), and the percent
drained (U). First, the slope factor (S;) must be calculated:

_ LaSe

S = T (35)
where

S; = Slope factor

H = Thickness of base, ft

Lg = Resultant length of base, ft

Sk = Resultant slope of the base, ft

Figure 19 is then entered with the slope factor (S1) and the
desired percent drained (U). The resulting time factor (T) is
then read.

Many times engineers will want to use only one degree of

drainage. Figure 19 is difficult to use. By selecting time factors

for one degree of drainage over a wide range of slope factors, a

simplified chart can be developed. Figure 20 shows such a
chart based on 50 percent drained.

9.2 Time to Drain (t)
Equation

Time Factor
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“m” Factor The “m” factor is determined by the equation:
2

_ NeLR

m = i (36)
where

Ne = Effective porosity
Lr = Resultant length, ft
k = Coefficient of permeability, ft/day
H = Thickness of base, ft

The intrinsic factors that represent the drainage capabilities of
the permeable base are represented by the effective porosity
(Ne) and the coefficient of permeability (k) of the base. The
effect of these terms only occurs in this factor. Guidance for
determining the effective porosity and coefficient of
permeability has been provided in previous sections. In actual -
practice, if the time to drain needs to be reduced to meet a
standard, the coefficient of permeability will have to be
increased. Therefore, the effective porosity also will increase.
The effect of changing these parameters is discussed in the
Section 10.0, Time to Drain Sensitivity.

“The “m” factor will be a constant for the given parameters.

After determining the time factor and “m” factor, the time to
drain can now be calculated by using Equation 34.

These design procedures are demonstrated in the following
example problem:

Given
Roadway Geometry
Resultant slope (Sg) = 0.02 fvft
Resultant length (Lg) = 24 ft
Base thickness (H) =051t
Permeable Base Material
Effective porosity (No) = 0.25
Coefficient of permeability (k) = 2000 ft/day
Find ’

Determine the time to drain (t) for 50 percent drainage of
the permeable base.
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Solution

First the slope factor is calculated,
_ LaSp _24x0.02

S1 i = = = 0.96
Entering Figure 20 with the slope factor, select a time
factor (T's0) of 0.245.

Calculate the “m” factor:
NLZ _ 05x(24)? _ 144
kH 2000x0.5 = 1000
Now calculate the time to drain (t):
t Tsoxmx24 =0.245x0.144x 24 =0.85
i 0.85 hrs
The required time to drain for 50 percent drainage is 0.85 hours.

= 0.144

Note that the rate of inflow into the pavement does not enter
into the design calculations. Again, theoretically, the time to
drain does not start until after the design storm has stopped.

Most engineers want to evaluate the drainage over a range of 9.3 Design Procedures
drainage conditions rather than a single standard. The
following design procedures allow the engineer to construct a
matrix of design information. Time to drain is calculated over a
range of 10 to 90 percent drained water. The sensitivity to
drainage can then be considered as the design is finalized.

Table 6 is a design form used to calculate the time to drain for
the different degrees of drainage. The following discussion
provides detailed guidance for completing each column:

First, the necessary design parameters must be calculated.

Determine the base thickness (H) and the coefficient of
permeability (k).

Calculate the roadway geometry; resultant length (Lg), and
resultant slope (Sg).
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Calculate the porosity (N), and the effective porosity (N) of the
base material.

Calculate the slope factor (S;) of the permeable base.

Lg %X Sg
S1 = q
Calculate the “m” factor.
_ NeLf
- kH

Now the tabulation can be completed.
Column 1 Percent Drained

Column 1 is assigned with values from 0.1 to 0.9, which
represent the percent of water that can be drained from
the base.

Column 2 Time Factor (T)

Enter Figure 27 with the slope factor (S;) and the respec-
tive percent drained (U), and select the time factor (T).

Column 3 Time to Drain - hours.
Calculate the time to drain in hours.
t Txmx 24

Column 3 = Column 2 xmx 24

If the design criteria is based on percent drained, the design
can stop here. By plotting a graph of time to drain, Column 3,
against the percent drained, Column 1, the drainage
relationship can be seen.

If the design criteria is based on percent saturation, the
remaining columns must be completed.

Column 4 Drained Water
Calculate the drained water.

Drained water = NoxU
Column 4 = Ng x Column 1
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Column 5 Volume of water (Vw)

Calculate the volume of water (Vw) in the base. Remember-
ing then, that Vy, = N.

Vw = N-Drained water
Column 5 = N - Column 4

Column 6 Percent Saturation (S)
Calculate the percent saturation of the base.

S = (Vw/N)x 100
Column 6 = (Column 5/N) x 100

By plotting a graph of time to drain, Column 3, against the
percent saturation, Column 6, the drainage relationship can be
seen.

The FHWA microcomputer program, DAMP [3], will perform
the time to drain calculations. Because of the program speed
and elimination of computational errors, use of the
microcomputer program is suggested.
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Table 6. Time to Drain Calculation Form

Pavement Section
Pavement Section
Properties of Base Course
Resultant Slope, Sg fuAt
Resultant Length, Lg___ ft
Base Thickness, H ft
Coefficient of Permeability, k f/day

Slope Factor S1 = (LRxSp)/H =
Porosity (N)

Dry Density, ¥4 pef

Bulk Specific Gravity, Gg)

Porosity (N) or Volume of Voids (Vy),

N = (1-(ya/(62.4x Ggp)) =

Effective Porosity (Ng)

Type of Fines

Percent of Fines

Effective Size D1¢

Estimated Water Loss, (WL) Percent

Effective Porosity, No = NxWL =

Calculate “m” Factor

m = NoxLg2)/(kxH) =
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Table 6. Time to Drain Calculation Form (Cont’d.)

1) @) 3) 4 (5) )
U Time | Time to Drain Water Water Percent
Factor (hours) Drained | Retained Saturation
(M (2) xm x 24 (1) x Ne Vw) )
N-4) ((5)/N) x 100

1

2

3

4

.5

.6

7

.8

9
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10.0 TIME TO DRAIN SENSITIVITY

It is important that pavement design engineers understand the
effects of various parameters in time to drain calculations. The
best way to investigate the problem is to do a sensitivity
analysis on the design procedures. In a sensitivity analysis, each
parameter is investigated over a range of values while the
remaining parameters are held constant.

The time to drain (t) (Equation 34) responds linearly to both of
factors; the time factor (T) and the “m” factor (m). This means
that any linear effect the various parameters have when used in
the calculation of these factors, will have a linear effect on the
time to drain.

It should be pointed out that there is a relationship between
effective porosity (N,) and coefficient of permeability (k). If the
effective porosity is increased, the permeability of the material
will also increase. For simplicity, each factor will be
investigated independently in this notebook.

- Effective porosity (No) and coefficient of permeability (k) are the
only factors that represent the drainage capabilities of the base
material. The effect of these factors only occurs in the “m”
factor.

From Equation 36, it can be seen that the effect of effective
porosity (N,) is linear. This means that if the effective porosity is
doubled, the time to drain is doubled. This is logical since twice
the amount of water will be released from the base course. A
plot of the sensitivity of effective porosity is shown in Figure 21.

6

]
T
] k = 3000 ft/day

Sp = 0.02 ft/ft

H=05ft 7]

Lr=241t

U =50%

0 I

.10 .15 .20 25
Effective Porosity

Figure 21. Effect of Effective Porosity

\

Time to Drain

10.1 Effective Porosity
(Ne)
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Engineers should not yield to the temptation to reduce the
effective porosity so as to reduce the time to drain. It must be
remembered that the goal of drainage is to remove as much
water as possible from the base course.

10.2 Coefficient of From Equation 36, it is seen that the effect of the coefficient of
Permeability (k) permeability (k) is inversely proportional to the time to drain.
Again this is logical. As permeability of the material increases,
the faster the base material will drain. This effect is shown in
Figure 22. As the permeability increases, the time to drain
decreases at a decreasing rate. To meet the target of 50 percent
drainage in 1 hour, a coefficient of 1,800 ft/day is required for
this particular set of conditions, while the required coefficient of
permeability to meet the target of 50 percent drained in 2 hours

is 900 ft/day.
€ T
SR = 0.02 ft/ft
H =051t
5 Ne =.25
LR=241t
U =50%
4
£ \
g
Q [/] 3 \
QO -
f.‘; I
E
- 2
1 \
\\
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Coefficient of Permeability — ft/day

Figure 22. Effect of Coefficient of Permeability ; ’




10.0

PAGE 69

ﬂ

The effect of resultant slope (Sg) only occurs in the internal
calculation of the time factor (T). The only way to identify the
effect is to plot a sensitivity analysis for the given conditions as
shown in Figure 23. This plot shows the design procedure is
sensitive to slope with the time to drain decreasing as the slope
increases. This is logical; the steeper the slope, the faster water
will drain. The time to drain continues to drop over the entire
range of slopes presented. Theoretically, the base will drain
even if the slope is flat; however, it is questionable practice to
apply the design procedures to flat slopes.

1.0 l
k = 3000 f/day
H =051t
8

Ne = .25

Lp=241t
U =50%
.6

£
5 ‘\
o p
r e
E 4 S~
- \\
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0 .01 .02 .03 04 .05 .06
Slope - ft/ft

Figure 23. Effect of Slope

Figure 24 shows the effect of resultant length (Lg). This effect
occurs in the “m” factor (Equation 26) and the internal
calculation of the time factor (T). Surprisingly, the relationship
is quite linear. Since the length parameter in the “m” factor is
a power function, it is difficult to explain this behavior.

10.3 Resultant Slope
(Sr)

10.4 Resultant Length
(Lr)
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10.5 Thickness (H)

H

U

I i
SR = 0.02 fu/ft

Ng =.25
k =3000 ft/day

=0.5 ft

=50%

Time to Drain
Hrs

"

e

The effect of thickness (H) occurs in both the “m” factor
(Equation 26) and the internal calculation of the time factor (T).
Figure 25 plots the sensitivity analysis of base thickness. Based
on this figure, the base thickness has little effect on the time to

drain.

1.5

Time to Drain
Hrs

12

Figure 24. Effect of Length
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Figure 25. Effect of Thickness
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In summary, the design is most sensitive to permeability and 10.6 Conclusions
any increase in resultant slope will decrease the time to drain.
Engineers should make a similar analysis for the particular
design conditions in their State. A sensitivity analysis is
particularly useful in determining the permeability/stability
tradeoff.

Based on the sensitivity discussions, the following general
guidance can be provided:

» Provide a base course material with high effective porosity. Use High Ne

» Provide a base course material with a permeability that Balance k with Stability
represents a balanced tradeoff with stability.

® Provide as much slope as possible. A minimum slope of Maximize Slope
0.02 fi/ft is suggested.

o If the time to drain is considered to be too long, engineers Increase k or Crown
should consider increasing the coefficient of permeability Pavement

or providing crowned pavements to reduce the length of
the flow path. Crowned pavements are a particularly
viable option for multi-lane highways.
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In the past, the primary function of the base was to provide
uniform support for concrete pavements; however, as wheel
and traffic loads increased, pumping and erosion of underlying
material resulted. This led, in turn, to a new generation of what
was thought to be strong, non-erodible bases (i.e., lean
concrete, cement treated bases and asphalt treated bases).
Time has shown that these materials were not only
impermeable but were also erodible in many cases. The
combination of infiltrated water, wheel loads, and traffic loads
led to pumping, erosion of material, and in many cases
premature failure of the pavement section.

To solve this problem, a number of States are going to a more
open-graded material to rapidly drain infiltrated water from the
pavement structure. This type of base is called a permeable
base.

A permeable base must provide three very important functions:

e First, the base material must be permeable enough so that
the base course drains within the design time period.

» Second, the base course must have enough stability to
support the pavement construction operation.

* Third, the base course must have enough stability to provide
the necessary support for the pavement structural design.

The combination of base thickness and permeability must be
capable of handling the design flows and keeping the saturation
time to a minimum. In Section 9.0, Time to Drain, draining 50
percent of the free water within 1 hour was recommended as a
criterion for the highest-class highways, while draining 50
percent in 2 hours was recommended for most Interstates and
roads.

From the start, SHA’s recognized that permeable base design
must be a careful tradeoff of permeability and stability of the
base material. Efforts to solve this problem developed into two
approaches. First, some SHA’s used their existing dense-graded
aggregate base gradations removing some of the fines to
produce the necessary permeability. Second, other SHA’s used
the highest permeability that could be obtained with readily

11.1 General

Permeable Base Functions
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available materials. These efforts resulted in two types of
permeable bases:

1. Unstabilized.
2. Stabilized.

Unstabilized bases consist of aggregate gradations that contain
finer-sized aggregates. These bases develop their stability by
good mechanical interlock of the aggregates. Stabilized bases
are more open-graded and thus much more permeable.
Stability is developed by the cementing action of the stabilizer
material at the point of aggregate contact. A number of SHA’s
that selected the higher permeability path have gradually
gravitated to gradations with greater percentages of fine
material to achieve more stability.

The permeable base must have enough strength to prevent
rutting or displacement during the paving operation. As a
general statement, if a permeable base has enough stability to
perform adequately during the construction phase, the base
should be stable enough to support the pavement structural

design.
Daylighting A longitudinal edgedrain collector system with outlet pipes to
Not Recommended roadside ditches should be provided to insure positive drainage

[14]. Daylighting the permeable base layer is not
recommended since the daylighted layers are subject to
clogging from roadway debris and vegetation. In addition,
daylighted layers may allow silty material or storm water from
ditches to enter the pavement structure.

FHWA'’s Demonstration Project No. 975, Permeable Base
Design and Construction, reviewed the design and
construction procedures in ten States. A synthesis paper [21]
was prepared reporting on the results of the review. Much of
the material on permeable bases presented in this section is
based on the findings of that review.

It must be pointed out that pavement subsurface drainage is
only one element of concrete pavement design. Pavement
drainage is not a substitute for pavement thickness, positive
load transfer, or a strong, uniform subgrade.
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There are a number of factors that make development of the
pavement section difficult. These factors are:

e Material type - (unstabilized or stabilized)

e Separator layer type - (aggregate or geotextile)

e Edgedrain location

¢ Pre-, or post-installation of edgedrain

e Pavement cross slope - (uniform cross slope or crowned)
e Shoulder type - (similar or dissimilar materials)

The most likely combinations of concrete pavement sections
and edgedrain locations are shown in Figures 26 and 27.

Concrete Pavement with Asphalt Concrete Shoulders

Figure 26 shows a widened lane concrete pavement with
asphalt concrete shoulders. A uniform cross slope is provided to
drain the water over to a roadside ditch. Since it is anticipated
that the pavement shoulder joint will open, allowing water to
enter the pavement section, the edgedrain is located as close to
this joint as is feasible. This will provide a direct path to drain
the water to the edgedrain system.

A pre-pave installation is shown in the main sketch. The
edgedrain is located far enough away from the edge of the
concrete pavement so that the paver tracks will run directly on
the permeable base - not over the edgedrain pipe, A geotextile
is provided under the edge of the permeable base and wrapped
around the edgedrain trench to prevent fines from entering the
system. The edgedrain should never be placed under the traffic
lanes, as inadequate support may result.

The insert sketch shows a post-pave installation. The edgedrain
trench is located far enough away from the pavement slab, so that
the slab will not loose support by the permeable base eroding or
sloughing during the paving operation. The trench should be
backfilled with the same material as the permeable base so there
will be no loss of permeability. Again, the edgedrain trench is
wrapped with a geotextile to prevent fines from entering.

11.2 Pavement Section
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Permeable Base
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Crowned Concrete Pavement with Tied Concrete Shoulders

A crowned concrete pavement with tied concrete shoulders is
shown in Figure 27. Since the pavement is crowned, edgedrains
must be provided on both sides of the pavement section. The
crowned pavement significantly reduces the length of the
drainage path, thus reducing the time to drain, while the tied
shoulders provide considerable support to the pavement edge.
Durability of the shoulder joint seal is enhanced because of the
use of like materials and the reduced movement.

For the pre-pave installation, the edgedrain may be located
under the shoulder to avoid the paver tracks during the paving
operation; however, the edgedrain should never be placed
under a travel lane. If the edgedrain is located outside of the
shoulder, it may not have adequate cover over the edgedrain
pipe, depending on the ditch side slope. Again, a geotextile is
provided under the pavement edge and wrapped around the
edge drain trench to prevent fines from entering the drainage
system.

The post-pave installation is shown in the sketch insert. Again,
the previously stated guidance of locating the trench so that
there is no loss of support to the concrete shoulder during the
trenching operation still applies. Also, previous guidance about
geotextile placement and trench backfill still applies.

Construction traffic on the completed base course is the
single most important parameter in the selection of the type
of permeable base to be used. The design procedure should
contain a decision step on construction traffic.

In the design process, if the answer to allowing construction
traffic (concrete delivery trucks only) on the base is yes, then an
asphalt or cement-stabilized base is generally needed. If no
construction traffic is allowed on the completed base, then a
more open, untreated AASHTO No. 67 could be used. Photo No.
1 shows the concrete pavement being placed on a cement
stabilized base.

When dowel baskets are used, special attention should be
given to anchoring techniques on drainable bases.

11.3 Construction
Traffic on
Completed Base
Course
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11.4 Base Material

Gl

Photo No. 1 Placing Concrete Pavement

The aggregate material should have good mechanical interlock;
this will require a crushed material. Both unstabilized and
stabilized permeable base material should consist of durable,
crushed, angular aggregate with essentially no fines (minus
No. 200 sieve material). The crushed aggregate should have at
least two mechanically fractured faces, as determined by the
material retained on the No. 4 sieve. Many States require
100-percent crushed stone with a maximum L. A. Abrasion
Wear of 40 to 45 percent. A permeable base material should be
sufficiently stable for construction equipment to work on with
out significant displacement; the base must also be stable
enough to provide a good-quality ride.

' The FHWA recommends that only crushed stone be used in

permeable bases. Crushed stone provides needed stability
during the construction phase and assures long-term support
for the concrete pavement. The aggregate for the permeable
base should at least meet the requirements for a Class B
Aggregate in accordance with AASHTO M 283-83, Coarse
Aggregate for Highway and Airport Construction. This means
that the L.A. Abrasion Wear should not exceed 45 percent as
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determined by AASHTO T 96-87, Resistance to Abrasion of
Small Size Coarse Aggregate by Use of the Los Angeles
Machine. Since the permeable base is subject to freeze-thaw
cycles, the durability of the aggregates should be tested by a
soundness test. The FHWA recommends that the soundness
percent loss should not exceed the requirement for a Class B
Aggregate as specified in AASHTO M 283-83. This
specification requires that the soundness percent loss should
not exceed 12 or 18 percent as determined by the sodium
sulfate or magnesium sulfate tests, respectfully. The tests
should be conducted in accordance with AASHTO T 104,
Soundness of Aggregate by the Use of Sodium Sulfate or
Magnesium Sulfate.

Recommended gradations of the permeable base material vary

depending on whether the material is stabilized or unstabilized.

Since the in-place coefficient of permeability can vary
significantly from the design coefficient of permeability, a
minimum design coefficient of permeability of 1,000 ft/day is
recommended.

SHA's that use unstabilized permeable bases have developed a
gradation that represents a careful trade-off of
constructability/stability and permeability. Unstabilized
materials contain more smaller size aggregate to provide
stability through increased aggregate interlock; however, this
results in lower permeability. To provide good stability for
paving equipment, unstabilized aggregate should be
composed of 100 percent crushed stone. Photo No. 2 shows a
finished unstabilized permeable base.

Unstabilized materials generally have a coefficient of
permeability on the order of 1,000 to 3,000 feet per day. Below
is the New Jersey Department of Transportation gradation,
Table 7, for unstabilized material which provides satisfactory
permeability (greater than 1,000 feet per day) and good
stability during construction.
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11.5 Unstabilized
Permeable Base
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Table 7. New Jersey Gradation

Sieve Size Percent Passing
1-1/2° 100
1" 95 -100
172" 60 - 80
No. 4 40 - 55
No. 8 5-25
No. 16 0-8
No. 50 0-5
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This gradation is plotted in Figure 28. An analysis of this
gradation reveals that the average effective size (D10) is
1.90 mm, and the coefficient of uniformity (Cy) is 4.68.

The Pennsylvania Department of Transportation recommends
that unstabilized permeable base material should have a
coefficient of uniformity greater than 4 to insure stability of the
base. This recommendation is particularly important if
construction traffic (concrete delivering vehicles) is permitted
on the base. However, other construction traffic must not be
allowed to contaminate the permeable base by pumping fines
into the permeable base or tracking material onto the base
which might clog it.

Table 8 provides gradation of unstabilized permeable bases
being used by SHA’s.

Compaction of permeable bases has also been recognized as a
concern. The conventional approach of requiring a fixed
percent of a standard or target density is not applicable
because it is difficult to measure density. The purpose of
compacting a permeable base is to seat the aggregate. A level
of consolidation should be specified which results in no
appreciable displacement of the base following compaction.

For unstabilized permeable bases, most SHA’s specify one to
three passes of a 5-to-10-ton steel-wheeled roller.
Over-rolling can cause degradation of the material and a
subsequent loss of permeability. Vibratory rollers should be
used with care to compact unstabilized permeable bases, since
they can cause degradation, over-densification, and a
subsequent loss of permeability.

Stabilized permeable bases utilize open-graded aggregate that
has been stabilized with asphalt cement or Portland cement.
Stabilizing the permeable base provides a stable working
platform without appreciably affecting the permeability of the
material. The primary purpose of the stabilizer is to provide

stability of the permeable base during the construction phase.

Unstabilized Permeable
Base Gradations

Compaction of Unstabilized
Permeable Bases

11.6 Stabilized
Permeable Base
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Table 8. Unstabilized Permeable Base Gradations

Sieve | Iowa |Minnesota New | Pennsylvania*| Wisconsin**
Size Jersey OGBC No. 1
o2t 100
1-172* 100
1" 100 100 95 -100 100
3/4° 65 - 100 52-100 90 ~ 100
172* 60 - 80
3/8" 35-70 33-65 20-55
No. 4 20 -45 40 - 55 8-40 0-10
/'\ No.8 | 10-35 5-25 0-5
‘ No. 10 8-25
No. 16 0-8 0-12
No. 40 2-10
No.50 | 0-15 0-5
No.200| 0-6 0-3 0-5

*Pennsylvania - a uniformity coefficient of 4 or greater is
required.

**Wisconsin - gradation is the same as AASHTO No. 67
Stabilized Permeable Base Gradations

Several SHA’s use the AASHTO No. 57 gradation for their
stabilized permeable bases. The gradation is provided in
Table 9.
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Table 9. AASHTO No. 57 Gradation

Sieve Size Percent Passing
1-172" 100
1" 95-100
172" 25~-60
No. 4 0-10
No. 8 0-5

Some SHA’s provide an additional requirement limiting the
amount of material passing the No. 200 sieve from 0 to 2
percent. The purpose of this requirement is to limit the amount
of fines. This gradation has already been plotted in Figure 13.

By limiting the amount of material passing the No. 8 or 16
screen, the effective diameter (D1o) of the material will be large,
ensuring high permeability. The coefficient of permeability
should be greater than 3,000 feet per day.

An analysis of this gradation reveals that the effective size (D10)
is 5.98 mm, and the coefficient of uniformity (Cy) is 2.54. Note
that the effective size of this gradation is much larger than the
unstabilized base, and that the coefficient of uniformity is less.

The AASHTO No. 67 gradation is now being used by several
SHA'’s for their permeable bases. The gradation is provided in
Table 10.

This gradation is plotted in Figure 29.

The effective size (D10) is 5.77 mm, and the coefficient of
uniformity (Cy) is 2.14. Note that the effective size of this
gradation is slightly less than the AASHTO No. 57 gradation;
and the coefficient of uniformity is also less.
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Table 10. AASHTO No. 67 Gradation

Sieve Size Percent Passing
1" 100
3/4" 90-100
3/8" 20-55
No. 4 0-10
No. 8 0-5

The Wisconsin Department of Transportation has reported
success using the AASHTO No. 67 gradation in unstabilized
bases, asphalt treated bases (Minimum 1-1/2 percent asphalt),
and cement treated (200 to 250 pounds of cement per cubic
yard). Again, selection of the base type is influenced by the
construction traffic consideration.

The FHWA recommends that the contractor be provided with
an option to select the type of stabilizing material when
stabilization is required.

The stabilization material predominately used is asphalt
cement at 2 to 2 1/2 percent (by weight); a harder grade of
asphalt cement, AC 40 OR AR 8000, is recommended to
improve that the stability of the base during construction.
The California Department of Transportation (CALTRANS)
recommends that when the stiffer AC-40 asphalt cement is
used, the aggregate should be heated to between 275 to 325
degrees Fahrenheit to prepare the aggregate so that the
aggregates and asphalt cement are blended into a homogenous
mix.

An asphalt-stabilized permeable base is shown in Photo No. 3.

Table 11 provides asphalt-stabilized permeable base gradations
being used by SHA’s.

Asphalt Stabilized
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