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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 purposé¢ of this
demonstration project is to provide State highway engineers
with current state-of-the-art drainage guidan¢e on the design
and construction of permeable bases and edgedrains for
Portland cement concrete pavements. Thi€ fiotebook i$)a blend
of drainage design, materials design, and construction and
maintenance procedures.

A study of retrofit longitudinal edgedrainsin 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 sités\to détermine 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] .
Mugch of the practical guitlance on edgedrains contained in
this notebook isthased on that study.

The FHWA prévides 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§ears,
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] whichiincluded
drainage considerations. Because the mechanics of moisture
distress in Portland Cement Concrete (PCC) paverfients is well
understood, this discussion will focus primarily on PCC
pavements. However, many of the same principlés may be
applied to drainage of asphalt ¢ément (AC) pavements.

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

1. Freemwater.

2. [Heavy wheel loads.

3% Erodible base.

4. Voids beneath the pavement slab.

Unfortunately, alb 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 benefitto justify
their use. A reduction in life-cycle cost is the ultimate
measuring stick for permeable bases. This redu€tion canbe
accomplished by increasing the service life of/the pavement,
One economic study [15] suggested that an ingrease of 33 'and,
50 percent in the service life of asphalt concrete and PCC
pavement, respectively, occurs when‘permeable hases.are
provided.

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

p. 91. It is interesting 10 hote that the initial cost of the drained
section is greateri however, tlie lifé-cycle cost is less. A
capsulized version ofithe 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 Pércent Passing
1" 100
3/4" %90 - 100
3/8" 20% 55
No. 4 0-10
No. 8 0-5

1.\ Target Perimeabilityis 10,000 ft/day.

2. "90%0f particlesretained on No. 4 sieve should have one
{ractured 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 Departiment 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 OGEC #2
Sieve Size Pércent Passinag
1-1/2 100
1" 754 100
3/8" 55-75
No.@ 30-55
No, 10 10-25
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 mteérchange
ramp except on free flow ramps.

'

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

Tubular drain should bé placed at the hotiom of a fabric
lined trench, with the trénch remaigdiing open at the top. A
minimum 6-inch amderderain should be used to protect
against the potential for ¢logging.

Stabilization, ifmandated by DOT for maintenance of local
deeess, shall be paidhfor by the Department. Otherwise,
stabilization would be the contractor’s option.

The partigipant 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 deterniining 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 infiliration.
This section provides design procedures for estimating water
entering the pavement surface, These fléws are necessary for
determining the flow conditions\(Section 8.0, Darey’s Law) in a
permeable base and the outlet' §pacing (Seétion 14.0, Edgedrain
Capacity and Qutlet Spacing).

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

Porosity (N), effeetive porosity (Ne), and percent saturation (S)
define anaggregate material’s ability to store and give up
water. These parameters are defined and discussed in Section
£.0, PoraSily, 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 tg
drain is affected by varying the effective porosity, coefficient of
permeability, slope, length, and thickness of the permeable
base. This discussion provides engineers with & good
understanding of pavement subsurface drainage.

Section 11.0, Permeable Bases, provides practical design
guidance for the design of permeable basés. Both pre-and post-
pave installations of the edgedrain Systéni are covered. Design
guidance to ensure the quality of the aggregate malerial is
provided. Both unstabilized and stabilizéd 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. Pra€tical construction
guidelines and compagtion guidance for the different types of
permeable bases are provided.

The separator layer bétween the permeable base and subgrade
is equallyimportant as ifie permeable base. An aggregate
separator layer ongeotextile must be provided so that fines
from the subgrade arémet pumped up into the permeable base.
Section'12.0,Separator Layer, provides design equations and

proceduresor 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

Timedo Drain Sensitivity

Permeable Bases

Separator Layer

Longitudinal Edgedrains
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Maintenance

the flow conditions in the roadside ditch is also giressed. 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 neéd to provide periodic
inspection and maintenance of edgedraifi systems, Use of video
equipment on a regular basis for inspection of edgedrain
systems is recommended. If a state highwawdgency (SHA) does
not have a commitment to main{énance, permeable bases
should not be provided.

Section 16.0, Sunimary, provides & summary of the main
recommendations, while Section 17, References, provides a list
ofreferengés fonpermeable 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
]
' ; 1 _Rising Water Table
i
—— —7 WaterTable — /T —
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 cafl 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 longitudinél grades or dead
level roads, seepage of waler from higher ground may
be a significant problem.

e Capillary action.

Capillary action ean transport water well above the
water tahle saturating the subgrade. Typical values
for capillaryrise are 4o 8 feet for sandy soils, 10 to
20 feet for sillysoils 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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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.

4







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 towardsg the leadeslab as
shown in Figure 3. The approach slab then rebounds, and the
leave slab is pushed downwards as the wheel load ¢rosses over
the joint.

This churning action results in th&erosiofi 6f material under
the leave slab with some material being deposited under the
approach slab, and the remainder of thie material being
pumped up through the pavement joint. Ejection of free water
and this material is called puniping. Material pumped from the
pavement section is usually #isible as stains on the pavement
and shoulder.

The pumping action will be progressive,sesulting in a drop in
elevation between {he slabs which iSgalled faulting. Typical
pavement faulting is shown in Figure 4.

Moisture Distress
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/— Free Water
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L
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Pavement
Unloaded PCC Pavemerit

Diréction 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 deféfioration is cracking of the
pavement slab at mid-panel’or third points; with corner breaks,
and joint deteroriation. This is caused h§ loss of support under
the pavement slab atthie joint. The final Stage of pavement
deterioration is severe cracking.and the complete break-up of
the pavement slab.

Pumfiing action also o¢curs at the pavement/shoulder edge
joint. This detion can be particularly severe if the shoulder is
asphalt concrete Omgranular materials. Usually asphalt
concrete shoulders will éxperience 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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4.0 ROADWAY GEOMETRY
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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 paili through base, ft
W = Width of permealile base, ft
The orientation of the flow path can be determined by:
Tan(A) = o 3)
Sx
where
A“_=mAngle 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 botiom of sag
vertical curves. For horizontal curves, the cross slope (Sx) will
be equal to zero in the transition zone as superélévation is
being achieved. This condition is shown in Figure 6, Any timée
one of the slope components is equal to@ero, a . potential
drainage problem may develop. Theréfore on fiat roads, both
components of the resultant slope will be edqual tg'zero in the
transition zone for horizontal curves. Engineers should consider
transverse drains to provide drainage at these lo€ations. When
transverse drains are used at transitions, the invert of the
longitudinal ed@edraingay be lowered to ensure a slope on the
transverse draiii.

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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Solution

Substituting into Equation 1 for the resultant slope:

sp = (S2+5HV2 = ©0.022 + 0.02%12 = 002828

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

Lgr

0.02

a@ of the flow pa

W(1+(§S;)2)1/2 = 24x(1+ @912 _ 33 94)

]

Lgr 3394 ft
Substituting into Equation 3 for orient

Tan(A) = si = gﬁ(;";' =

Angle A = 45°

The flow path will be on a
pendicular to the centerline
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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 hydrauli¢ éngineers
over the proper selection of the storm frequency and the time of
(\ " concentration, or storm durationgAlso, thére is apaucity 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 permeablé base is satlirated. Excess runoff
will not enter the pavefient section after it is saturated; this
flow will simply run off on the pavemenit surface. After the
rainfall event, the base will drainto the edgedrain system.
Engineers must design the permeable base to drain relatively
quickly to'prevent the pavement from being damaged. The
time-{p-drain appreach 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 dis¢ussed 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 andhinfiltration
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 f/day/sq ft/of pavement

C = Infiltration ratio

R = Rainfall rate, in/hr

The flow could be expressediin, several different units. Cubic
feet per day was selécted because'it dovetails with the flow rate
produced by Darcy’s €guation.

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

suggested:
Asphalt conerete pavements 0.33 t0 0.50
Portlafid 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 Raififall Intensity

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

Find

Determine the,pavementinfiliration (qp)
Solution
Substituting into the infiltration ratio equation (Equation 6):

2CR =2x05x1.8 = 1.8 cu f/day/sq ft
108 cu fVday/sq ft

9
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:

Ne W

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 gfack
N; = Number of longitudinal joints or cracks
W, = Length of contributing transverse joints or cracks, ft
Cs = Spacing of contributing transverse joints or cracks, {t
W = Width of permeable base, ft
kp = Pavement permeability, éu'1t/day/sq 1t

The Highway Subdrainage Design manfial suggests a crack
infiltration rate (I) of 2.4 cu f/day/it of crack. Using this
design value for I; eliminates the problemef selécting the
design storm and infiltration ratio. Engineers must remember
that this value is basé€dion a minimum amount of research
data.

The number of longitudlinal cracks (No) is determined by the
pavement geometry:

1) Nimber of ¢ontributing traffic lanes (N)
2. Uniform cross slepe or crowned pavement

Thenumberof 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.
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—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

We¢ = 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] giiggests that
the length of contributing transverse joints or cracks fW.) be
equal to the width of the pavement plus shoulders. Mosblikely
this value will be greater than the width of the pefmeable 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 setgqual toithe widith.of the
permeable base (W). This is a more féalistic approach.

The subdrainage manual [22] suggests thdl the transverse
crack spacing (Cs) be taken as(hie regular transverse joint
spacing for new portland cemeiit concretePGa) pavement and
as anticipated average transverse erack spacing for new,
continuously reinforced concrete pavement.

The pavement perineability (kp) répresents the flow through
uncracked pavemenis. For purposes of this analysis, the
pavement pefifieability forconcrete and densely compacted hot
mix asphdli pavements would be zero.

The crack infiltration method provides engineers with a flexible
method for modelling pavement infiltration. By changing the
fransverse joinber crack spacing (Gs) and the number of -
longitudinal joints'cracks (N;), the engineer can adjust the
model to réplicate existing pavement conditions or new design
cracking paiterns.

The'erack 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 (k) =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
@ = 2.4(125+0.05) A24R0.175 % 0.42
q = 0.42 cu f/day/sg i

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

After the infiliration rate hasbeen determined, the permeable
base disgharge rate gan be détermined by the equation:

da = didn 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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1' STRIP OF BASE
PLAN \Qd

CONCRETE
PAVEMENT
S————.
PERMEABLE SECTION
BASE

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 Raie
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\
—_— A —— e —
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 ==gWL (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




PAGE 32

5.0

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) = 2530t
Width of permeable base (W) =24 1{

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

Solution

Substituting into Equatien 10,

@xWxlhh= 1.8x24%250 = 10,800
10,800 cuit/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 constréiétion.

The effective size of a gradation is the particle size (in
millimeters) in which 10 percent ghthe material (B;o), by
weight, is smaller. This point is marked on Figuré 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 unifgrmity (Cp) is the ratio of the Dgo particle
size to the D;q partidle size. This rélationship is given by the
following equation:

Bso

G = 11
U Dio 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, @i underStanding
of the material can be obtained.

The ASTM soil classification system has two basic critéria:

1. If more than 50 percent of the coarse fraction of the
material passes the No. 4 sieve, the,material iS'@ sand.

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

No. 200 sieve, the materialds a ¢ldy.
These two criteria are not efiough to fully identify a material.
These criteria are superimposed on the gradation chart along
with generalized band§, as shown in Figure 14, to provide the
engineer with a feehfor the material beifig used.

For this notebook, general descriptions of permeable base
matérialpsand material, @nd dense graded aggregate base
are provided bélow:

Permeable basé 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. Largerange 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, Maierial
{dentification

Sand

Clay

Permeable Base Material

Sand Material
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Dense graded aggregate base material generally has the
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.

\ 4







™ 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 thie
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 Wws o of
of Water
Water
V= TOTAL TOTAL
VOLUME Wr=, D
Volume ; i
. Solids Weight
Vs= of (ol Ws= of
Vg = Wg/Gg Sofidg 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 vgids, 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+ds (14)
where

Vs 4= Volume of solids
Rearranging the teris:

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 saturationy

Effective porosity is a measure of how strongly aéeil 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 undér 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 Siwater loss. This is
expressed in the following éguation:

Ne =NxWL (19)
where

N. = Effective porosity
N = Porosity of théimaterial
VUL “=Waiter loss

Guidanee for sglecting the,water loss is provided in Table 3
[Ref. 10, Eigiire 4-3.23, p. 256] [Ref. 11, Figure 10, p. 78]. A
review ol Lhis 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 - Perceritage

Amount of Fines <2.5% Fines 5% Fines 10\% Fines
Type of Fines Filler Sand Clay|Filler Sand Clag|Filler Sand, Clay
Gravel 70 60 40, 60 40 20, 40 30| 10
Sand 57 50 35| 50g¢ 350, 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 predeominant size.

The effective glorosity of an aggreégate sample could be
determined by placing a Saturated sample of the materialin a
container. By opefiing a drain on'the container, the amount of
water draining from the sample could be measured and the
effective por@Sity could be,determined as a simple ratio of the
volume of drained water 10 the total volume of the sample.

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

The following example illustrates porosity and effective porosity.

\Given

BPry 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'¢eased.
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 draihied.

Drained watef = N, x U ! 21)
where

No =Elféetive porosity
U\ = Percent drained

The volume af water present in the base is:

Vw = Vy - Drained water

Vw =Wy - (Nex U) (22)
The percent'§aturation can now be determined:
S = v 100 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
)
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to the porosity. As previously stated, the estimatéd water loss

the water cannot drain.

The previous example can be expanded to calc
saturation.

Given
Porosity (N)
Effective porosity (Ne)
Percent drained (U)
Find ’
Determine théperce n associated with 50 per-
cent drained.

ater in the base.

numerically equal to N.

w/Vyx 100 =(0.175/0.30) x 100 = 0.58

nt 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 basey cu ft/dag

k = Coefficient of permeability, f/day

i = Slope of hydraulic gradient, ft/ft

A = Cross sectional area of flow, sg ft

Permeability is a generic terin used to indicatéithe capability of
a soil to carry water, while goefficient of permeability is an
engineering term useddb define the flow rélationship 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 waler; it provides eéngineers with a standard to compare
the flow capabilities of differént materials.

Design Equatiofi

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 coffi¢iént 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 becoifie more
permeable, as all three factorsdncréase®r decrease
correspondingly:

1. The effective size increasgs,
2. The porosity increases.
3. The percent fihes decreases.

The subdrain@ge manual xeports that these three factors
account for 91 pereent of theyvariability 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 centimetersgen
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 uviits available in
FHWA. Commercially available devices have not heen
developed.

The field percolation test is another method for evaluating the
ability of the existing base mdierial'io drain. In a percolation
test, a hole is cored down t¢ the base and, filled with water. By
observing the water level in the hole over time, the base’s
ability to drain can bé détermined. Caution must be exercised
with this method t@ensure that percoldiing water is confined to
the layer being tested. If water escapes along an interface,
throdghywoids, or through,an adjacent material, the percolation
test ¢an give false results. Imaddition, it is important to ensure
that the\top of'the Base is not clogged.

The FHWA publication 7 Situ Permeability of Base and
Subbase Courses [23)] provides guidance for determining in-situ
permeability of base courses.

The hydrauli¢ 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.

FieldPermeabiiity

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 eross-
sectional area is expressed by the following equé@tion:

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
andisubstituting:

qq for Oy
SR for 1;
and H for A

Daréy’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
Eoefficient of Permeability = 3,000 ft/day
Find

Determinedthe reguired thickness of base.
Solution

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

qa =9 XxLgp=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 équation,/a comparison
Vertical and of vertical and horizontal flow should be made®s shown in
Horizontal Flow Figure 17. The coefficient of perimgability 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
qn = 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‘wotkings of 8.4 Discussion of

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

¢ The coefficient of permeability is 01 a velogity.

¢ The coefficient of permeability is directionless {yertical 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 hydfaulic 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 aidin this‘understanding,an interesting comparison can be
made betweendarcy's baw and steel beam design. The
following cofnparison can be made:

Parcy’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, thé carrying
capacity of the steel beam is doubled. If thé coefficient of
permeability (k) is doubled, the flow capacity of the
permeable base is doubled.

The coefficient of permeability (k) is@imiiar to,an allowabie
steel stress (f;). It represents the ability of 4 fiow,prism to
carry water.

In the actual applicatiofibef Darcy's equation, the flow will

increase as the resultant length,of the base increases. The

depth of flow will ingrease until the deawdown effect of

discharging the waterinio the edgedrain system is reached.

The slope of the hydrauli¢ gradient will change as the flow q
moves towards the édgedrain: )

To model non-steady flow, a design chart [22] from the
subdrainageimanual is provided as Figure 18. The non-steady
flow'conditionsiare shown in the sketch on the figure.

The followilig 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 Masimum Depth of Flow

H 93394/79 =043 ft

H = 0.43 1t 0r 5-1/8inghes.
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 bécause the
units (fi/day) are the same as the coefficient of pesineability.
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, fVday

i = Hydrauligigradient, Vit

N = Porosity of the aggregale or soil

Discharge velocity is the nominal or average velocity through
the aggregate or soil. Ihis 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
velocily is developed as follows:

Q = kiA 31

VA =kiIA (32)

V & ki (33)
where

V¢ "= Discharge of water, ft/day

k = Coefficient of permeability, ft/day

Hydraulic gradient, ft/ft
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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 determiningthe time to Quality of Drainage

r\ drain:
' 1. AASHTO Percent Drained= 50 pefcent

2. 85-Percent Saturation

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

Table 4.
Table 4. AASHTO Drainage Recommendations for
Time to Drain
Quality of Drainage Time to Drain
Exgéllent 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 Relabilitation -
A Training Course Manual [11]) based on 85 percent

saturation:
Table 5. Pavement RehabilitationManual Guidancefor
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

1This method eonsiders 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 effe€live 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 factdr (T) is firovided by
Figure 19 [22, p. 86]. The time factor (T) is based®n the
geometry of the base course; that is, the resultant §lope (Sg) and
length (Lg), the thickness of the base (H), and the perc¢ent
drained (U). First, the slope factofy(S;) muist be calculaied:

_ LaSe

S = T (35)
where

S; = Slope fagior

H = Thickness of base, ft

L = Resultant length of base, ft

Sp. = Résultant 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 repreésent the drainagé capabilities of
the permeable base are represented by the effective porosity
(Ne) and the céefficient,of permeahility (k) of the base. The
effect of these terms only oeeurs in this factor. Guidance for
determining the efiéctive porositjpand coefficient of
permeability has been provided in previous sections. In actual
practice, if thieitime to drain needs to be reduced to meet a
standard, the coefficient of permeability will have to be
increased. Thereiore, the ellective porosity also will increase.
The effect of changing these parameters is discussed in the
Seetion 10.0, Time to Drain Sensitivity.

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

After deteriining 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 =0.245x0.144 x 24 =0.85
i 0.85 hrs
The required time to drain for 50fercentdrainage 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 afterthe,design storm has stopped.

Most engineers want£b eévaluate the drainage over a range of 9.3 Design Procedures
drainage conditiongrather than @singlé standard. The
following design procedures allow tlie engineer to construct a
matri®ef design information. Time to drain is calculated over a
range of 10 10,90 percent drained water. The sensitivity to
drainage can then be considered as the design is finalized.

Table 6 i8.a désign form used to calculate the time to drain for
the differeént 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 porgSity (N,) of the
base material.

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

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

Now the tabulation can be completed.
Column 1 Pergent Drained

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

@olumn 2 Time Factor (1)

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.
Calciilate thie time to drain in hours.
t Txmx 24

Column 3 Column 2 x m x 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 = N, 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 rélationship 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 dise 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 vt
Resultant Length, Lg___ ft
Base Thickness, H ft
Coefficient of Permeability, k f/day

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

Dry Density, ¥4 pef

Bulk Specific Gravity) Gg)

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

N 2 - (Ya/(62.4 x GgpY) =

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 perméability G)nif 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 coefficiént of pérmeahility (k) areithe
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 cansbe seen that the effect of effective
porosity (N,) is linear. 'his means that if the effective porosity is
doubled, the time tofdrain is doubledsThis is logical since twice
the amount of water will be released from the base course. A
plot of thésensitivity of efféstive 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 remgve as much
water as possible from the base course.

10.2 Coefficient of From Equation 36, it is seen that thé'effectof the coeffidient of
Permeability (k) permeability (k) is inversely propériional to the time {0 drain.
Again this is logical. As permeability of the méierial increases,
the faster the base materialdyill draid. This effect is shown in
Figure 22. As the permeability incréases, thefiime to drain
decreases at a decreasing rate. To meet the target of 50 percent
drainage in{ 1 hour{ acoefficient of 1,800 ft/day is required for
this particular set of conditions, while the required coefficient of
permeability to meet the target 6f 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
£ \
o
Q [/] 3 \
QO -
f.‘; I
E
- 2
1 \
\\
0
0 1000 2000 3000 4000

Coefficient of Permeability — ft/day

Figure 22. Effect of Coefficient of Permeability ;’ ’
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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
- \\

2

0

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
(Sn)

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
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The effect'of thickness (H) 6ccurs in both the “m” factor
(Egliation 26) and the internal calculation of the time factor (T).
Figure 25 plots the sensitivity analysis of base thickness. Based
on this figur®, the base thickness has little effect on the time to

drain.
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In summary, the design is most sensitive to permeability and 10.6 Congclusions
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 afpermeability 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 consideréd to be too long, engineers Increase k or Crown
should consider increasing the ¢oefficient of permeability Pavement

or providing crowned pawements 10 teduce the length of
the flow path. Crownéd pavements are a particularly
viable option for mulfi-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 infiltfated water from the
pavement structure. This type of base is called a permeable
base.

A permeable base must provide;three very iniportant fnctions:

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

e Second, the base course must haveé énough stability to
support the pavement@onstruction cperation.

* Third, the base coursé must have enfugh stability to provide
the necessary support for the pavément structural design.

The combination®f base thickiess and permeability must be
capable of handling the design flows and keeping the saturation
timesto a minimum. In Section 9.0, Time to Drain, draining 50
percent ofthe free water within 1 hour was recommended as a
criterion for théhighest-class highways, while draining 50
percent in 2 hours wasrecommended 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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Daylighting
Not Recommended

available materials. These efforts resulted in two t#pes 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 aggrégates. Siabilized Bases
are more open-graded and thus much more pérmeable.
Stability is developed by the cementing acfion of the stabilizer
material at the point of aggregate contdetl. A number of SHA’s
that selected the higher permeability path have gradually
gravitated to gradations with greater percentages of fine
material to achiéye mor@stability.

The permeable bas¢ must have eflough strength to prevent
rutting or displacement during the paving operation. As a
general statement, if a permeable base has enough stability to
pefform adequatelpduring the construction phase, the base
should bhe'stable enough to support the pavement structural
design.

Alongitudinal edgedrain collector system with outlet pipes to
roadside ditches should be provided to insure positive drainage
[14]. Daylighting the permeable base layer is not
recommengded since the daylighted layers are subject to
clogging fiom 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 Figur£s,26 and27.

Concrete Pavement with Asphalt Concrete Shoulllers

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

A pre-pave installation is shown in the main sketch. The
edgedrain is locateddar engugh away froin the edge of the
concrete pavement S0 that the paver tfacks will run directly on
the permeable baseé -~ not over the'edgedrain pipe, A geotextile
is prowided under the edge of the permeable base and wrapped
around thé'edgedrain trengh to prevent fines from entering the
system, The edgedrain should never be placed under the traffic
lanes; as inadefuate support may result.

The insértéketch shows a post-pave installation. The edgedrain
trench islocated 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 Pavément Section
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Permeable Base
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Figure 26. Edgedrain Location for Concrete Pavemeni,with Asphalt Concrete Shoulders
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Figure 27. Edgedrain Location for Crowned Concrete Pavement with Tied Concrete Shoulders




11.0

PAGE 77

B )

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 locatéd 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 fings from efileringthe drainage
system.

The post-pave installation is shown in the sketch inseri, Again,
the previously stated guidance oflacating the trench so that
there is no loss of support todhe coicrete shoulder during the
trenching operation still applies. Also, pravious guidance about
geotextile placement and trench backfill still applies.

Construction traffic on the completed base course is the
single moshimportant parameter in the selection of the type
of permeabie hase,to be used: The design procedure should
contain a decision steép omconstruction traffic.

In the degigh process, if the answer to allowing construction
traffic (concrete delivery trucks only) on the base is yes, then an
asphalt or ¢ement-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

Photo Ne. }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 twd 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 materialwary

depending on whether the material is stabilized ér unstabilized.

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

SHA's that use unstabilized permeable bases haye developed a
gradation that represents a ¢areful tradé-off of
constructability/stabilify 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 pefmeable 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 fine§
into the permeable base or tracking material onto the base
which might clog it.

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

Compaction of permeable baseséas alsodbeenrecognized as a
concern. The conventional approaeh of requiringa fixed
percent of a standard or target density is not applicable
because it is difficult to measure density: The purpose of
compacting a permeable based§ioiseat the aggregate. A level
of consolidation should be&Specified which results in no
appreciable displacement of the basefollowing compaction.

For unstabilized pefmeable bases, most SHA's specify one to
three passes of a5-10-10-ton steel-wheeled roller.
Over-rolling can cause degradation of the material and a
subséguent loss of permieability. Vibratory rollers should be
used with c¢are to compact unstabilized permeable bases, since
they €an cause degradation, over-densification, and a
subsequent loss of permieability.

Stabilized pérmeable 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 D-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 unifopmity coefficient of 4 or greater is
required.

**Wisconsin - gradatien is the same as AASHTO No. 67
Stabilized Pérmeable Base Gradations

Several SHA's use the AASHTO No. 57 gradation for their
stabilized peérmeable 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 régquirement limiting the
amount of material passing the No. 200 sieve from 0 to 2
pereent. Thé purpese of thissrequirement is to limit the amount
of fines, This gradation has already been plotted in Figure 13.

By limiting the amount 0f 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)
15 5,98 mni, and the coefficient of uniformity (Cy) is 2.54. Note
that'the efiective 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 hasteported
success using the AASHTO No. 67 gradation in unstabilized
bases, asphalt treated bases (Minimum 1-1/2 pércent asphalt),
and cement treated (200 to 250 pounds 6f cement per cubie
yard). Again, selection of the base typeiis influenced by the
construction traffic consideration.

The FHWA recommends thatd{he 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 weiglit); a harder grade of
asphalt.cement, AC 40 OR AR 8000, is recommended to
improve thabthe stability of the base during construction.
The California Department of Pransportation (CALTRANS)
recommends that when fhe 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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Figure 29. Plot of AASHTO No. 67 Gradation




Photo No. 3 Asphalt Stabilized Permieéable Base

For asphalt-stabilized permeable bages, most SHA'S specify
one to three passes of a 5- to 10-ton stéel-wheeled rolier.
Over-rolling can cause degradation of the‘ material and a
subsequent loss of permeability. Vibratory rollérs should not be
used to compact asphalt-stabilized perm¢able bases, since they
can cause degradationg@ver-densification, and a subsequent
loss of permeability.

CALTRANS requires that asphalt-stabilized permeable bases be
laid aba temperature between 200 to 250 degrees Fahrenheit
as measuredin the hopper of the paving machine. One
recommended aliérnate for ¢ompaction is one complete
coverage of thedase couse with a steel-wheeled, 2-axle
tandem rollef weighing between 8 and 12 tons. Compaction
should begin when the temperature of the permeable base has
cooled to 150 degrees Fahrenheit and should be completed
before the temperature falls below 100 degrees Fahrenheit.

PAGE 87

Compaction of Asphalt-
Stabilized Permeable Bases




PAGE 88

11.0

Cement Stabilized

Table 11. Asphalt-Stabilized Permeable Base Gradations

Sieve Size | California [North Carolina| Wiscongin | Wyoming
1-1/2° 100 100
1" 100 95 -100 100 95 4100
3/4" 90 - 100 90 -100
1/2° 35-65 25 - 60 25-60
38" |420-45 20-55
No. 4 0€ 10 0-10 0-10 0-10
No. 8 0-5 0-5 0-5 0-5
No»200 0<2 0-3

California +2-1/2% asphalt content, AR-8000 grade

North Carolinas- AASHTO No. 57 gradation plus 0-3% passing
No. 200 gieve

Wisconsin - AASHTO No. 67 gradation, > 1-1/2 % asphalt
content

Wyoming - AASHTO No. 57 gradation, 2-1/2 % asphalt content,
AC 20

Photo No. 4 shows the compaction of an asphalt stabilized
permeable base.

Portland cement has also been used as a stabilization material.
An application rate of 2-to-3 bags per-cubic yard is
recommended. A cement-stabilized permeable base is shown in
Photo No. 5. This base material has considerable strength as
exhibited by a test cylinder of that material as seen in Photo

No. 6.
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( ' Photo No. 4. Compacting’Asphalf Stabilized Base

r Photo No. 5. Cement-Treated Permeable Base
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Cement-Stabilized
Permeable Base Gradations

Photo Noa6. Test Cylinder

Table 12 provides cement-stabilized permeable base gradations
being used by SHA's.
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Table 12. Cement-Stabilized Permeable Base Gradations

Sieve Size California Virginia Wisconsin
1-1/72" 100
1" 88 - 100 100 100

3/4" xt15 90 - 100

172° 25-60

3/8" xt15 20-55
No. 4 0-16 0-10 0-10
No. 8 0-6 0-5 0-5

California - 282 1bs, water/cement ratio approximately 0.37
“X” percentage submitted by the Contractor

Virginia — Slightly Modified AASHTO No. 57 Gradation, 225 lbs

of cement

Wisconsin - AASHTO No. 67 Gradationy200 1bs of cement

For compacting cement-stabilized permeable bases, a
numbénof SHA’s have had good success in using only
vibrating screeds and plateés. Again the purpose of the
stabilizer material iSito set up the permeable base for the
concrete paving operation:

The need for curing is one of the least understood aspects of
constructing cement stabilized open graded bases. One method
is to cover the permeable base with polyethylene sheeting for 3
to 5 days. Another method is to apply a fine water mist cure to
the cement-stabilized base several times on the day after the
base is placed. Curing compounds and no curing have also been
used. A SHA may want to construct a test strip of the base

Compaction of Cement-
Stabilized Permeable Bases

Curing of Cement-Stabilized

Bases
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Wisconsin Concrete
Pavement Association
Report

course to determine which curing method to employ as well as
which method of compaction should be used.

The Wisconsin Concrete Pavement Association, in geaperation
with James Cape & Sons, Wisconsin Department/of
Transportation, and FHWA conducted a study [17] using cement
stabilized open graded base (CSOGB) materials under concrete
pavement. Three test sections were laid.eut.on I-90 near
Stoughton, Wisconsin. Test sections were constructed with cement
contents of 150, 200, and 250 pounds per cubic yard, and the
gradation of the aggregate conformed to AASHTO No. 67.

The study had three primary objectives:
» Assess the feasibility of using standard concrete testing
methodologies tofneasure the Strength of open-graded materials
¢ Determine performance under construction loading

¢ Examine correlation between cement content and the level
of pefformance

Four inches of cement stabilized open-graded base material was
placed over four inches of dense graded aggregate base separator
layer using a slightly modified finegrader. Compaction was
provided by a full-width, heavy steel vibratory plate pulled behind
the finegrader. Plastic sheeting was placed over the base material
immediately after the cement-stabilized permeable base was
placed to/prevent evaporation during the curing period.

The report makes the following conclusions and
recommendations on the field performance of CSOGB:

Conclusions:

The performance of the CSOGB material under trucking traffic
depends on the following:

e Cement content

o Trubking volume

e Stability of underlying layers

¢ Segregation of the placed material
(The report defines segregation as the separation of the
cement paste from the aggregate.)

e Surface Irregularities
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Recommendations:

1. The cement content of the permeable base material
should be tailored to the specific level of trucking and sub-
base conditions that prevail over individual portions of a
project.

e The use of 150-pound cement content should be
restricted to short hauls over stable subbase.

¢ Mixes with 200-pound cement content are
appropriate for general use.

e Material with 250-pound cement content should be
used in areas where questionable support conditions
exist or where heavy trucking will take place.

2. The cement content, rather than the stréngth, should
be used to guide the selection of the material most ap-
propriate for a desired level of performance,

3. The water content of the mixshould be adjusted to con-
trol segregation of the material.

4. Machinery modification§ Should be developed to provide
for placement of material without segregation.

5. Requirements for moist curing should be investigated to
see if they might be eliminated witholit substantial loss of
performance widér actual jobeonditions.

The average flow rate of the test specimens was 3,085 ft/day.

One of the beshrecommendations of the report is that the
cement contenti'shouild be tailored to meet the trucking levels
and subgrade cohiditions that are encountered. While there is
no direct corrélation between cement content and strength,
there is certainly an implied relationship. The report states
that a cement content of 200 pounds should provide enough
strength for average trucking and subgrade conditions
encountered.

The report does not establish a maximum water/cement ratio.
Instead, the contractor determined the water cement ratio
based on a subjective assessment of the workability of the
mix [17, p. 3]. The report states that a higher water/cement

Recommendations
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11.7 Comparison of
Gradations

ratio may encourage the cement paste to flow/do points of
aggregate contact where its cementing action is needed.
FHWA recommends this design approach.

Several different materials were selected for a'pérmeability
demonstration model. These materialsi@#@listed in Tabled 3
and represent the spectrum of matérials likely to be
encountered in highway subdrainage work. A grédation
analysis and falling head permeability #&sis were conducted on
these materials.

Table 13. Coefficient of Permeabilities for Different Materials.

Coefficient of Permeability

Type of Material (Feet/day)
AASHTO No. 57 Permeable Base 6,800
AASHTO No. 67 Perméable Base 5,200
3/8" Pea Gravel 2,200
Unstabilized Permeable Base 1,400
Coarsé Sand 90
Dense Graded Aggregate Base 4

The unstabilized base gradation and AASHTO No. 57 and 67
gradations are listed in the unstabilized and stabilized base
section, respectfully, while the dense graded aggregate base
gradation is listed in the aggregate separator layer section.
Most gradation bands have wide limits which means that the
coefficient of permeability can vary significantly within a
gradation band, depending on where the actual gradation falls
within the band.

Plotting these gradations in Figure 30 shows how the coefficient
of permeability increases as the size of the aggregate in the
material increases. If the gradation curves are examined at the
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'W
effective size (10 percent passing), the gradations will fall in an

increasing order of permeability from left to right.

Test runs of the demonstration model reveal that the AASHTO
No. 57 and 67 gradation drained extremely fast, and the
3/8-inch pea gravel and unstabilized permeable base material
also drained relatively quickly. However, the coarse sand
drained slowly, while the dense graded aggregate base hardly
drained. This relationship is consistent with the coefficient of
permeabilities of the materials.

Ttis informative to compare the gradations of the materials
most likely used in drainable pavement systems. A comparisQn
of the effective size and coefficient of uniformity for the
different materials are provided in Table 14 below:

Table 14. Comparison of Effective Size and Coefficient of
Uniformity of Materials

Effective | Coeflicient
Type of Material Size of
(D10 ~ mm) | Uniformity

Dense Graded Aggregate Base{{DGAB) 0.10 45.97
New Jersey Unstabilized Permeable Base 1.90 468
AASHTO No. 67 Gradation 5.77 2.14
AASHTO No. 57 Gradation 5.98 2.54

An analysis of this table reveals that the effective size of the
material inéreases, while the coefficient of uniformity decreases
as the material becomes more open. A large effective size
combined with a low coefficient of uniformity provides the
higher coeflicient of permeability.
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For simplicity, only the effective size (Do) and the Dgo points
are plotted in Figure 31. These points have connected by a
dashed line (again, for simplicity) to represent the average
gradation. This figure is important since it shows that the
relative positions of the gradations and the sensitivity of the
coefficient of permeability increase as the particle size of the
gradations increases.

A minimum thickness of 4 inches is recommended for the
permeable base. This thickness should be adequate to
overcome any construction variances and provide an adequate
hydraulic conduit to transmit the water to the edgedrain.

The FHWA recommends that a control strip be constructed at
the beginning of construction so the combination of
aggregate materials and construction practices bétested, and
if necessary, adjusted to produce a stable permeablé base
with adequate drainage characteristics, The test section
should be constructed using thegaméaggregate materials and
compaction practices that will be used on the project. A
minimum length of 500 ft is fécommended for the test section.
The test section should écome part of the finished roadway if
found acceptable to the SHA.

Quality is the watchword for eonstruction practices. Quality
should be provided itbhoth the materials and methods used in
each of the consfruction steps.

The subgrade and aggregate separator layer should be properly
constructed so that there is a stable working platform for the
placing of the permeable base and concrete pavement. Again, a
permeable base'is not a substitute for a strong, uniform
subgrade.

Quality aggregates should be used in both the aggregate
separator layer and the permeable base. Aggregates should
meet the required gradations and specifications. Requirements

118 Base Thickness

11.9 Control Strip

11.10 Construction
Considerations
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covering the number of fractured faces, L.A. abrasion wear and
soundness of aggregates are extremely importdnihto ensure
stability of their respective layers. Quality of crushéd
aggregates is the single most important factor for the
stability of a permeable base. Aggregates that'do not mest
specifications should not be accepted. Aggregates should bhe
stored, handled, and placed in a manner to kegp segregation to
a minimum.

If a stabilizer asphalt or cement mgdierial is required, the
application rate should meet the spécificafions. Zhe contractor
may have the option of providing the type of stabilizer. If
asphalt-stabilized materials are used, the contractor may want
to establish a test strip to determine the optitnum asphalt
content, temperature, and compaction effort can be determined.

Construction of unstabilizedhases requires care because of the
lower stability. In géneral, these bases are more easily
displaced by construgtien traffic. Unstabilized bases are also
subject to'Segrégation of the material during placement. The
addition of 2 to'd percent ofwater by weight reduces
segregation during hauling and placement. Care must be
exercisedhduring consiruction operations to prevent
Contaminatien of the permeable base.

Stabilized permeable bases have sufficient stability for paving
equipment and construction traffic; however, extra care is
needed to prevent contamination of the base since this
ghadation is usually more open. The grade of the stabilized base
is also more difficult to modify once it has been placed and
compacted.

Compaction of the permeable base should be in careful
compliance with the specifications. Excessive compactive effort
can result in degradation of the aggregate and a reduction in
permeability.

Construction traffic on the completed bases should be in
agreement with design conditions for traffic. Every effort
should be made to keep all construction traffic to a minimum
by keeping haul lengths short. Truck drivers should be
encouraged to keep speeds down and to perform all turning
actions on the base as gently as possible. Stopping and starting
motions of trucks delivering concrete to the paver should be as
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smooth as possible to prevent rutting and shoving of the
permeable base. Consideration should be giveri to)specifying
stabilized base when allowing construction traffic'omthe base
would facilitate construction operations.

Since concrete pavers are track-driven, there/will be minimal
effect on the aggregate separator layer in pla¢ing a cement-
stabilized permeable base; however, if an asphali-stabilized
permeable base is placed, the paverfiay have tireshTragked
asphalt pavers should be used, sinéé rubber fire pavers may
cause rutting of the aggregate separatordayer.

The required longitudinal and cross slopes should be
maintained so that the permeéable base will hdve enough slope
to drain. A minimum resultant slope of 2 percent is
recommendedwheréver possible.

Maintain Cross Slope Placing of the aggregate separator layer and permeable base
contribute to the rideability of the finished pavement. Since
many SHA'S have incentive/disincentive ride requirements,
proper/placement bf the perimeable base takes on added
impaoriance.

Photo No. 7,shows the placing of an unstabilized permeable
base.

Photo No. 7. Spreading Unstabilized Permeable Base




PAGE 101

12.0 SEPARATOR LAYER

A separator layer must be provided between the permeable
base and the subbase/subgrade to keep subgrade soil particles
from contaminating the permeable base. A separator layer over
stabilized subbases/subgrades may not be needed provided the
stabilized material is not subject to saturation or high pressures
for an extended period of time. An asphalt prime coat placed on
the stabilized subbase/subgrade would provide additional
protection. A separator layer can be provided by an aggregate
separator layer or geotextile.

It is pointed out that a separator layer is not a substitute for

a strong subgrade.
The aggregate separator layer must performigéveraldény 12.1 Aggregate
important functions: Separator Layer
* First, the aggregate separator layer must be strong Adequate Construction
( enough to provide a stable working glatiorm for Platform

constructing the permeable base. The aggregate separator
layer should not experience any rutling or moveément
during the paving operation. Since most SHA’s use’a dense
graded aggregate base fordli@aggregate separator layer,
this material should be gtrong enough €0 support the
paving operation. If th¢ Subgrade is#veak, stabilization of
this layer should be cofisidered to assure good support for
the pavement seftion during constriiction and expected
future truck lgadings.

e Séeond, the gradation of the aggregate separator layer Prevent Fine Migration
must be earefully selected to prevent fines from pumping
up from the subgrade info the permeable base. Basic
aggregate filiration eguations are used to size the
gradatiofi of the aggregate separator to prevent
contamination of the permeable base.

e Third, the aggregate separator layer should have a low Low Permeability
permeability; the layer should act as a shield to deflect
infiltrated water over to the edgedrain.

The dynamic effects of wheel loads must also be considered.
The following design procedures have been developed with
{ these parameters in mind. Both the aggregate separator
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Design Procedure

layer/subgrade and the permeable base/aggregaté separator
layer interfaces must be investigated.

The gradation of the aggregate separator layer niust meet'the
requirements for the aggregate separator layer/Subgrade
interface as listed below:

D;5 (Separator Layer) < 5 Dgs (Subgrade) (37)
Dso (Separator Layer) < 25 DsodSubgrade) (38)
where

Dy is the size at which “X” pefeent of the particles, by weight,
are smaller than that size.

Equation 37 ig'a filtration requirement. Theoretically, a
spherical particle will be rétained until the diameter of the
retaining spheress 6,46 times gréater than the sphere to be
retained. This relationship is shown in Figure 32. By limiting
the D5 size®f the aggregate separator layer to less than five
times the Dgs size of the subgrade, the larger soil particles of
the subgrade will be retained, allowing the soil bridging
action {0 start.

VA9 V4

D =6.46 Dg

Figure 32. Retention of Spheres Relationship
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Equation 38 is a uniformity requirement. By limiting the Dsg
size of the aggregate separator layer to less than 25 times the
D5 size of the subgrade, the gradation curves will be kept in
balance.

Similarly, these requirements must be applied to the permeable
base/aggregate separator layer interface as listed below:

D;5 (Base) < 5 Dgs (Separator Layer) (39)
Dso (Base) < 25 Dsp (Separator Layer) (40)

Many SHA'’s use a dense graded aggregate base course for an
aggregate separator layer to provide the necessary stability as a
construction platform for paving operations. Additional
requirements are necessary to ensure the dense graded
aggregate base does not have too many fines andds well-graded:

Maximum percent of fines passing the No, 200
Sieve should not exceed 12 percent.

Coefficient of Uniformit§5,20; preferably 40

The first criterion limit§ the amount of fines in the aggregate
separator layer, while the seconderiterion provides guidance
for developing a well-graded aggregate base.

The résulis,of these equations are then plotted on a gradation
chartio developa design envelope through which the gradation
of the aggregate separator layer must pass. These design
procedures willnarrow the limits of the Dy5 size of the
gradation. The engineer must skillfully develop a gradatlon that
will pass through the design envelope.

Table 15 shows a typical dense graded aggregate base
gradation thal meets the three goals previously established and
serves adequately as an aggregate separator layer.
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Aggregate Separator Layer
Materials

Table 15. Aggregate Separator Layer Gradation

Sieve Size Percent Passing
1-172* 100
3/4" 95-100
No. 4 50 - 80
No. 40 20£ 35
No. 200 5612

This gradation,is plotted in Figure 33.

The gradation plofiin Figure 33 should be studied in detail. Note

that there is an extrémely wide range of particle sizes and high

value of the coefficient of uniformity [45.97]. These features

identify thé material as'a dense graded aggregate base. The f)
coeflicient of uniformity is‘@n indicator of the strength of a i
material. This gradation should ensure a strong platform for

the consiruction operation.

The aggregale separator layer should consist of durable,
crushed,@ngular aggregate material. The aggregate material
should have good mechanical interlock. The aggregate for the
separator layer should meet the requirements for a Class C
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 50 percent as
determined by AASHTO T 96-87. The FHWA recommends that
the soundness percent loss should not exceed the
requirements for a Class C 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, following AASHTO T 104-86. The material should
be compacted until a density of 95 percent of the maximum
density as determined by AASHTO T 180-90, Moisture Density
Relationship Using a 10-1b (4.54 kg) hammer and an 18-inch
(457 mm) drop, Method D, is reached. q
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Layer Thickness A minimum thickness of 4 inches is recommended for the
aggregate separator layer based on construction considerations.

Example Problem The following example illustrates aggregate separator layer
design.
Given
Gradation of the subgrade and périeable base are given in
Figure 34.
Reading Figure 34, the ke particle(Sizes are determined:
Percent Particle Size
Snialler
(By Weight) Pérmeable Base Subgrade
(mm) (mm)
Dsgs 18.0 0.70
Dso 6.0 0.13
D15 2.2 0.038

The gradation for the aggregate separator layer is the
same as the gradation of the dense graded aggregate base
listed in this section (Figure 33).

Find
Determine the design envelope for the aggregate separator
layer.

Determine if the proposed gradation meets design require-
ments to control fines movement and provides desired
stability.

Solution

Apply design equations to the aggregate separator
layer/subgrade interface.
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Construction Considerations

Filtration Equation (Equation 37):

D15 (Separator Layer) < 9 Dgs (subgrade)
D15 (Separator Layer) < 5x0.70
D15 (separator Layery < 3.50 mm

Uniformity Equation (Equation 38):

Dso (separator Layer) < 25 Dso slibgrade)
Dso (Separator Layer) S 25x0.13
D50 (separator Layer) < 3.25 im

Plot these points as trianglés on the gradation chart as
shown in Figure 35.

Apply degign equations to the permeable base/aggregate
separator layer interface.

Filtration Equation (Equation 39):

Dg&(Petieable Base) h< 5 Ds5 (separator Layer)
2.205,5 Dgs (Separator Layer)

Dgs (Separator Layer) = 2.2/5

Dgs (Separator Layes) 2 0.44 mm

Uniformity Equation (Equation 40):
D&o (Permeable Base) < 25 Dso (Separator Layer)
6.0 < 25 DSO (Separator Layer)

D50 (separator Layer) < 6.0/25
Dso (Separator Layer) < 0.24 mm

Also plot these points on Figure 35 as hexagons.

The additional requirement of a maximum of 12 percent
passing the No. 200 sieve is added. This point is marked as a
square.

The aggregate separator layer gradation is superimposed on
the grain size analysis as shown in Figure 36.

The resulting coefficient of uniformity is 45.97 (4.50/.098).
The proposed gradation for the aggregate separator layer is
adequate.

The aggregate separator layer is equally important as the
permeable base and subgrade in developing a strong, durable
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pavement section. Again, quality of aggregates and proper
compaction are the keys to a functional separator layer. This
layer is necessary to provide a stable platform for placing the
permeable base and concrete pavement and to prevent future
contamination of the permeable base by fine silts and clay
particles which could choke the permeable base and reduce
the effective drainage.

Some SHA's use a geotextile instead of a aggregate separator
layer. In certain cases, such as subgrades with a high
percentage of fines, a geotextile might be a preferred choice
rather than an aggregate separator layer. The geotextile should
have enough strength to survive the construction phase. Care
should be taken in placing the geotextile so that it'is not
damaged during construction. Base course materials must be
placed with care so that the geotextile is not,damaged or
displaced and to ensure that propéer laps@nd spliees are
provided. The integrity of the separator layer must be
maintained during construction.

The principal advantage of a gegiéxiile isiisfiltration
capability. A geotextile will allow any rising water, due to
capillary action or a rising water table, tg'enter the permeable
base and rapidly drainde the edgedrain system. The main
disadvantage is if the geotextile elogs ordinds, rising water will
be trapped under the geotextile, satiifating the subgrade and
reducing subgrade support.

Actually, perineable bases are not intended to drain the
subgrade. The subgrade is in 4 saturated and weakened
condition whendvater flows from it into a permeable base.
Subsurfage mbisture should be addressed during subgrade
construction to prevent subgrade weakening.

Geotextiles perform the following functions:
1. Filtration
2. Drainage
3. Separation
4

. Reinforcement

12.2 Geotextiles
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When geotextiles are used to separate the perméahle base from
the subgrade, they serve all of the noted functions inwarying
degrees.

The retention concepts of geotextiles are listed‘below:

¢ Pore openings should be sized to retain larger soil
particles so that soil bridging action can start,

e Pore openings should be sized £0 that smaller soil particles
will pass through the geotextile withotif clogging the
geotextile.

e Large numbers of openings should\be provided in case
there is some clogging. Additional openings will be
availablé io draimthe water.

In most cases, a siiall amount of fines will pass through the
geotextile into the permeable base. This starts the formation of
a soil filter zone adjacent to the geotextile. As larger soil
pérticles Are refained by the geotextile, a bridging action occurs
crealing a zone calléd the “5o0il bridge network” as shown in
Figure 37 [7, page 3-9h Immediately behind this zone is
another zohe where the finer soil particles are trapped. This
zone is called a “filter cake” and has a lower permeability. In
the last zone, the,subgrade soil particles will be undisturbed.

Apparent Opening Size As with other elements of highway design, geotextiles must be
engineefed. The apparent opening size (AOS) is the U.S.
standard sieve number whose opening size is closest to the
geotextile opening size. The AOS value is an index test that
only identifies the largest opening size of the geotextile. This
test result becomes less valid for thick, nonwoven geotextiles
with smaller sieve size openings. The opening size is
determined by sieving single-size glass beads through the
geotextile in accordance with ASTM D-4751, Determining
Apparent Opening Size of a Geotextile. The test is repeated
with successive coarser size glass beads until less than 5
percent, by weight, passes through the geotextile. The AOS
number is the sieve size number before the 5-percent limit is
exceeded. This opening size can also be expressed in
millimeters and is referred as the apparent opening size or 95
percent opening size (Ogs). £ )
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This nomenclature is confusing since both the AOS and Ogs
measure the same geotextile property. Table 16 provides the
opening size, in millimeters, for the U.S. standard sieve sizes in
the geotextile range. The sieve size nomenclature is sometimes
difficult to follow since the opening size decreases as the sieve
number increases.

One of the principle design efforts is the proper selection of
the AOS opening size. The AOS opening size is a target size;
larger particle sizes should be retained by the geotextile.

The AOS opening size of the geotextile should be selected to
prevent fines from pumping through the geotextile and plugging
the permeable base material. The pore openings must be small
enough to retain the larger soil particles to start the soil
bridging action.

PERMEABLE
BASE

SOIL BRIDGE
NETWORK

FILTER CAKE

SUBGRADE

Figure 37. Filter Formation
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The geotextile should have a permeability at least séveral times
greater than the subgrade so that any vertical drainingwater
will not be unduly impeded by the geotextile. Thegermeability
requirement should not be a problem in most applications since
most soils have relatively low permeabilities.

Table 16. Sieve Size Openings

Sieve Opening
Sieve Number (min)
30 0.600
40 0.425
50 0.300
60 0.250
70 0.212
100 0.150
200 0.075

While there is no direct relationship between the AOS number
and permeability, both are related to the density (weight) and
manufacturing method of the geotextile.

Clogging is definitely a potential problem and any design must
take it into consideration. The best approach is to study the
interaction of the soil/geotextile interface. The soil and the
geotextile combine to form a soil/geotextile system. The
gradient ratio test is a performance test that has gained wide
acceptance as a performance test to measure the soil/geotextile
clogging potential.

Gradient Ratio Test The gradient ratio test is a direct measurement of the
soil/geotextile system’s clogging and retention potential. It is
the ratio of the hydraulic gradient through the geotextile and
1 inch of soil immediately adjacent to the geotextile (i), to the
hydraulic gradient over the next 2 inches of soil between
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1 inch and 3 inches from the geotextile (ig). This relationship
is expressed in the following equation:

GR = i 41)
1g
where
GR Gradient ratio

Hydraulic gradient of geotextile and 1 inch of soil
Hydraulic gradient between 1 inch and 3 inches of soil

ig
Ig
This relationship is shown schematically in Figure 38.
If soil particles are trapped in the geotextile, the gradient ratio
will rise. Likewise, if soil particles pass through the geotextile,
the gradient ratio will drop. The Corp of Engineers suggests the
following criteria:

GR < 3

~

WATER FLOW

it

GEOTEXTILE

{ ‘ Figure 38. Schematic of Gradient Ratio Test
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D e

Drainage Application

Conservative Design

Detailed procedures for performing this test are frovided in
Appendix B, .03.81.09 Test for Geotextile Clogging Potential by
the Gradient Ratio Method of the Geotextile Engineering
Manual [7, page B-175].

Another approach to study the soil/geotextile system is the use
of long-term hydraulic tests in which the interaction of the soil
and geotextile are studied over a long périodi23].

Selection of the proper geotextile is @ difficulf iradeoff between
filtration, permeability, and clogging requiréments.

Geotextiles should be specified based on performance rather
than type (woven, nonwoven, or knitted) or bonding process
(needle-punchéd, heats or chemical-bonding).

When a geotextilé iSiused in & drainage application such as
wrapping an edgedrain trench, design guidance is provided in
the FHWA publigation {12, Chapter 2, Geotextile Filters in
DiainageSystemsl This proeedure will be described in this
section.The design procedure contains the following three
categories:

1. Soil'Hetention.
2. Perineability Criteria.
3. (ogging Criteria.

The'engineer must first determine the soil retention
requirements of the geotextile by completing a rigorous design
matrix. To complete the permeability and clogging criteria, the
engineer has to determine if the engineering application of the
geotextile is Critical/Severe or Less Critical/Less Severe. The
FHWA recommends conservative design, when the geotextile
is used in edgedrain design; therefore, the Critical/Severe
criteria and Class A strengths are recommended.

The design procedure is:
I. SOIL RETENTION

The first step is to determine if the subgrade consists of coarse
grain or fine grain soils. If the gradation analysis shows that
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less than 50 percent of the subgrade soil particles pass the No.
200 sieve, the subgrade is classified as coarse grain:

Less than 50% Passing the U.S. No. 200 Sieve — Coarse Grain
Soils

The flow condition must be determined next. Since any reversal
in the flow pattern would be so gradual, it is suggested that the
steady state flow condition be used.

Steady-State Flow
Ogs < B Dsgs,
where B is determined by: Cy <2or2 8 B =1
2 <sCs 4B =050
s sd)ss
Cy

A plot of the B parameter against the coefficient'ef unifor-
mity (CU) is provided in Figure 39. This figure shows how
the B parameter changes as.the coefficient of uniformity
changes.

Dynamic, Pulsating and Cyclic Flow

Since the subgrade is so caiifined by ihie pavement struc-
ture, the selection of th¢ *cannot move case" is suggested:

095 < Dy5 — (If soil.can move beneath geotextile)
or
050 < 0.5 Dgs — (If 50il cannot move beneath geotextile)

If moresthan 50 percent of the subgrade soil particles pass
the No. 200 Sieve, then the subgrade is classified as fine
grain:

Greater Thafi 50% Passing U.S. No. 200 Sieve — Fine Grain
Soils

Again the flow condition is determined:
Steady-State Flow

Woven: Og¢s < Dgs

Nonwoven: Ogs < 1.8 Dgs

For both cases: AOS NO.(geotextile) 2 No. 50 Sieve
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Dynamic, Pulsating, and Cyclic Flow
050 < 0.5 Dgs

II. PERMEABILITY CRITERIA

A decision must be made to determine if the application is
Critical/ Severe or Less Critical/Less Severe. If the application
is separating the permeable base from the subgrade or
wrapping the edgedrain trench, a Critical/Severe application
is recommended.

If the application is Critical/Severe, then:
A. Critical/Severe Applications

l((geotextile) 2 10 k(soil)
If the application is Less Critical/Less Severegthen:

B. Less Critical/Severe, and (with Glean Mediim to Coarse
Sands and Gravels)

k(geotextile) 2 k(soil)

Permeability of the geotextilé should be determined by ASTM D
4491. The permeability criteria for the Iss Critical/Less Severe
application is somewhaf\conservative, while the criteria for the
Critical/Severe application is farumore conservative. This
provides a factor of orévention against clogging.

III. £E0GGING CRITERIA
Again, if the application is Critical/Severe, then:
A Critical/Severe Applications

Selegt fabrics meeting Criteria I, 11, IIIB in this section and
perform soil/fabric filtration test before specification, pre-
qualifying the fabric, or after selection before bid closing.
Alternative: use approved list specification for filtration ap-
plications. Suggest performance test method: Gradient
Ratio £ 3.
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If the Application is Less Critical/Less Severe, the
B. Less Critical/Less Severe

1. Whenever possible, the geotextile
opening size possible (lowest AOS

2. Effective Open Area Qua
Woven fabrics:
Nonwoven fabrics:

3. Additional Quali al): 3 Dys

4. Additional Qualifie ional): Oj5 =2 3 Dy5
Porosity and open a i are an attempt to control
the number of h There should be a

sufficient number
clogging.

d i arized in Table 17. ’
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Table 17. Summary of Design Criteria For Selecting
Geotextiles
I. SOIL RETENTION CRITERIA

Less than 50% Passing No. 200 Sieve

Steady-State Flow Dynamic Flow
A0S Ogs < BDss Can Move Cannot Move
Cus 20rz 8B=1 095 < Dis Oso <€ 0.5Dgs
2s Cu s 4B=05C
45 Cy S 8B = ci
U

Greater Than 50% Passing No. 200 Sieve

Steady-State Flow ) Dynamic Flow
Woven Nonwoven
095 < Dgs Og5 <“1.8Dgs5 050 < 0.5Dg5
AOS No.(fabric) 2 No.50 Sieve

II. PERMEABILITY CRITERIA

B. Less Critical / Less Severe Applications
A. Critical / Severe Applications (with Clean Medium to Coarse Sands
and Gravels)
k (fabric) 2 10k (soil) k (fabric) 2 k (soil)

IOI. CLOGGING CRITERIA

* A. Critical / Severe Applications B. Less Critical / Less Severe Applications

Select fabrics nieeting Criteria I, II, |1. Select fabric with maximum opening

1B, and perform soil/fabric size possible (lowest AOS No.).

filtration tests before specifying. 2. Effective Open Area Qualifiers:

Suggested performance test method: " Woven fabrics: Percent Open Area 2 4%
Gradient Ratio < 3. Nonwoven fabrics: Porosity 2 30%

. Additional Qualifier (Optional): Ogs 2 3 D15
4. Additional Qualifier (Optional): O15 2 3D15

w
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Based on these selections, the design procedure‘déiermines the
apparent opening size. In this design method, minimum
physical requirements are provided in the AASHTQ-AGG-
ARTBA Task Force No. 25 General Guideline [12, pg 37]. The
minimum required strengths are shown in Table 18:

Table 18. Physical Requirementsl' 2 for Drainage Textiles
(AASHTO-AGC-ARTBA TASK FORGE25, JULY;, 1986)

Drainage3
Test Method Test Method
Class A4 Class 35

Grab Strength 180 Ibs. 801bs ASTM D 4632
Elongation Not Specified
Seam Strength6 80 lbs. 25 Ibs. ASTM D 4632
Buncture Sfrength 801bs. 25 Ibs. ASTM D 4833
Burst Strength 290 psi. 130 psi ASTM D 3787
Trapezoidal Tear 50 lbs. 25 Ibs. ASTM D 4533

1. Acceptance of geotextile material shall be based on ASTM D 4759.

2. Contragling agency may require a letter from the supplier certifying
that its geotextile meets specification requirements.

3. Minimum: Use value in weaker principal direction. All numerical
values represent minimum average roll values (i.e., test results
from any sampled roll in a lot shall meet or exceed the minimum
values in the Table). Stated values are for non-critical, non-severe
applications. Lot samples according to ASTM D 4354.

4. C(lass A drainage applications for geotextiles are where installation
stresses are more severe than Class B applications, i.e., very
_coarse, sharp, angular aggregate is used, a heavy degree of
compaction (> 95% AASHTO T 99) is specified or depth of trench is
greater than 10 feet.

5. Class B drainage applications are those where geotextile is used for
smooth graded surfaces having no sharp angular projections, no
sharp angular aggregate is used; compaction requirements are
light, (< 95% AASHTO T 99), and trenches are less than 10 feet in
depth.

6. Values apply to both field and manufactured seams. q
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When a geotextile is used in a separation application, such
as separating the permeable base from the subgrade
design, guidance is provided in an FHWA publication [14,
Chapter 5, Using Geotextiles as Separators in Roadways]. In
this design procedure, the soil retention, permeability, and
clogging criteria presented in the drainage application should
be evaluated.

The AASHTO-AGC-ARTBA Task Force No. 25 also provides
guidance for the separation function of geotextiles (i.e.,
separating the permeable base from the subgrade).

Table 19 provides physical property requirements for
survivability strengths {12, Table 2, page 126}, AOS, and
permeability requirements. A high survivabilify levél of stress
is recommended when a geotextile is used to separate the
permeable base from the subgrade.

Geotextiles are subject to degrad@tion wlien exposed to sunlight
for extended periods of time. To prévent this, gectextiles should
be placed and covered as quickly as possible (7, page 2:58].

Extreme care should be used ingplaging the geotextile to
prevent the fabric from being ripped or torn. If a significant
amount of wrinkles occur during the plaging operation, the
geotextile cannot be tensioned and will not function properly.

FHWA publications){ 12, page 132} provide the following
guidance for covering a geotextile:

“Thefirst lift of aggrégate should be spread and graded
down o 12inches or 10 the design thickness if less than 12
inches prior to compaction [Fig. 5.6d]. At no time should
equipment be allowed on the road with less than 8 inches
[6 inchés for CBR 2 2] of compacted aggregate over the
fabrig.” '

~ Since many permeable bases will be only 4 inches thick,

extreme care must be used in placing the aggregate. A smooth,
strong subgrade is the key for placing aggregate lifts this
thin. The highest quality of construction must be used in
constructing the subgrade and placing the geotextile.

Separation Application

Construction Considerations
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Table 19. Physical Property Bequlrements1 for Separation
Application
For Geotextiles with less than (<) 50% Geotextile Elongation — Use
higher stresses2, 3.
For Geotextiles with greater than (>) 50% Geotexiile Elongation —
Use lower stresses.
Survivability | Grab Strength Puncture Trapezoidal
Level ASTM D 4632 Resistande Tear Strength
(Ibs) ASTM D 4833 ASTM D 4533
(Ibs) (Ibs)
High 270/180 100/75 100/75
Medium 180/115 70/40 70/40
ADDITIONAL REQUIREMENTS TEST
METHODS
Apparent Opening Size ASTM D 4751
1. < 50% soil passing a No.200 US sieve,
A0S < 0.6 mm. (No. 30 sieve)
2. >50% soil passing a No. 200 US sieve,
A0S,< 0.3 mm. (No. 50 sieve)
Permeability ASTM D 4491
1.k of thé geotextile > k of the soil (permittivity times the
nominal geotextile thickness).
Ultraviolet Degradation ASTM D 4355
1. At 150 hours exposure, 70% strength retained for all cases.
Geotextile Acceptance ASTM D 4759
1. Values shown are minimum roll average values
Strength values are in the weaker principle direction.
2. Elongation as determined by ASTM D 4632.
3. The values of geotextile elongation do not imply the allowable
consolidation properties of the subgrade soil. These must be determined
by a separate investigation.
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13.0 LONGITUDINAL EDGEDRAINS

Longitudinal edgedrains are a key element in conveying the
free water in the drainable pavement system. It is imperative
that the edgedrain has the necessary hydraulic capacity to
handle water being discharged from the permeable base. Each
element of the drainage system should increase in capacity as
the water moves toward the outlet so that there are no weak
links in the system. There are three basic types of edgedrains:

1. Aggregate Trench.
2. Pipe Edgedrain.
3. Geocomposite Fin Drain.

Both the aggregate trench edgedrain and the@éocomp@site fin
drains are not recommended for the following reasons:

1. Low hydraulic capacity.
2. Inability to be cleaned.

Aggregate trench edgedrains and geoeoriposite iin drains will
not be covered in this notebook.

Since a permeable base is used, allrunoif that enters the
pavement section should drain quickly to the edgedrain. The
trench backfill and edgedrain pipe must have thénecessary
capacity to handle the design flows. Erosion of fines should not
be a problem since the base should contain very little erodible
fine material. The tz&nch backiill material should be of the
same material as the permeable base course to ensure
adequatecapacity. The geotextile used to wrap the edgedrain
trench should hot extend up into the permeable base to form a
barrier, Geocomposiie fin drains are not recommended for
use with permedble bases due to their low hydraulic capacity
and inability40 maintain this type of drain.

Photo No. 8§ shows an edgedrain pipe in a geotextile wrapped
trench.

For permeable bases (new or reconstructed cases), the
edgedrain location was discussed in detail in Section 9.0,
Permeable Bases. Edgedrain location and geotextile placement
may vary depending on whether the edgedrain is placed prior
to, or after, construction of the permeable base.

13.1 General

13.2 Edgedrain Location
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13.3 Pipe Edgedrains

Pipe Material

Recommend PVC Pipe

Photo No. 8 Installing Pipe Edgedrain

Conhiventional pipe edgedrains are recommended because of
their relatively high flow capacity and their ability to be
maintainéd.

Most SHA's use flexible, corrugated polyethylene (CPE) or
smooth, rigid polyvinyl chloride (PVC) pipe. Pipe should conform
to the appropriate State or AASHTO specification. For CPE pipe,
AASHTO Specification M 252, Corrugated Polyethylene
Drainage Tubing, is suggested, while AASHTO Specification M
278, Class PC 50 Polyvinyl Chloride (PVC) Pipe, is
recommended for PVC pipe. If the pipe is to be installed in
trenches that are to be backfilled with asphalt-stabilized
permeable material (ASPM), the pipe must be capable of
withstanding the temperature of the ASPM. PVC 90° electric
plastic conduit, EPC-40 or EPC-80 conforming to the
requirements of the National Electrical Manufacturers
Association (NEMA) Specification TC-2, is suggested when
ASPM is used as a trench backfill.

q
£ "
&

S
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If the edgedrain is installed as the permeable base is being
placed, the trench material surrounding the edgedrain pipe will
be the same as the permeable base material; however, if the
edgedrain is installed after the permeable base has been
constructed, placing of the pipe and trench backfill will be a
second operation. In the post-installation case, the trench
backfill material should be at least as permeable as the
permeable base material. Again, if ASPM is used, the pipe must
be capable of resisting the temperature.

Depending on pipe size, many SHA’s use a trefich widthof 8 to
10 inches [2]. The trench width must be wide enough to allow
proper placement of the pipe and compaction of the backfill
material around the pipe.

' The trench depth must be deep erfotigh tofaccomplish the
intended drainage function. It is recommended that the trench
depth be deep enough to allow the top of the pipe to be
located 2 inches below the bottom.of the permeable base.

Geotextile placement will vary depending en whether the
edgedrain is installed before or after the construction of the
permeable base. This Has been discussed in Section 11.2,
Pavement Section. Sifice the permeabledase should contain no
fines, the edgedrain trench should be lined with a geotextile,
but thé top,of the trench adiacent to the permeable base is
left open to allow a direct path for the water into the
edgedrain pipe (&5 shown in Figure 1). The primary purpose of
the geotextile isfiliration; that is, keeping the fines in the
subgrade {roni contaminating the trench backfill material. The
geotextile should have a permeability several times greater
than the subgrade soils.

A geotextile placement for a pre-installation edgedrain is shown
in Figure 40.

Installation of the outlet pipe is critical to the drainage system.
A permeable base without a positive outlet is a bathtub section.
It is recommended that a metal or rigid (PVC) non-perforated

Trench Design

Trench Batkiili

Trench Width and Depth

Geotextile Placement for
Pipe Edgedrains

13.4 Lateral Outlet Pipe
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Surface Water Coordination

Concrete Shoulder Concrete Pavement

/ Ag}egate
Edgedrain Separator
Pips Layer

Figure 40, Geotextile Placement Around Edgedrain

pipe [14] be used for the outlet pipe to ensure the proper grade.
Rigid pipe provides more strength to protect the outlet pipe
from crushing due to mowing operations or errant trucks.

A 3-percent slope [14] of the pipe to the roadside ditch is
recommended as shown in Figure 41. This will ensure that the
pipe will drain if there is a slight variance of the pipe grade. If
ditches or medians are too flat to outlet the edgedrain system, a
storm drain system may have to be installed to collect the
water. Subsurface drainage design should be coordinated
with surface drainage. The invert of the outlet pipe should be
at least 6 inches above the 10-year design flow in the ditch.

It is imperative that the subsurface drainage be coordinated
with surface drainage. HEC No. 12, Drainage of Highway
Pavements [18], provides guidance for the design of water
flowing on pavement surfaces, while HEC No. 15, Design of
Roadside Channels with Flexible Linings [6], provides
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Figure 41. Outlet Pipe

guidance for the design of roadside ditches. Most SHA's design
their surface drainage based on a 10-year storm intensity.

Adequate cross slope is the most important item in surface
pavement drainage. The pavemefit crossSiope and shoulder
slope must be adequate to carry thewater away from the
traffic lanes. Grass slopes should be as Sieep as safety
considerations allow. '

Design of roadside ditches is & ¢areful balance of safety
considerations, hydraulic deSign, and drainage of the pavement
section.

When an edgedrain pipe system isprovided, the invert of the
roadside ditch may be lowered providing additional internal
drainage of the pavementisection. The interface between the
outlet pipe and ditch is critical. Again, the guidance of
providing 6 inchesof freeboard above the 10-year runoff flow
depth is suggested as shown in Figure 41. It should be
remembered that surface water can flow back up into the pipe
from the roadside ditch. If there is not enough vertical drop to
accommodate this design, it is recommended that a storm drain
pipe system be provided with the outlet pipes discharging into
the storm drain system as shown in Figure 42.

A storm drain system should be provided, where necessary, to
reduce the amount of water carried in the median ditch. This,
in turn, will reduce the chance of water infiltrating into the
pavement section from the median ditch.
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Edgedrain Design for
Maintenance ] 10-Year Flow

Outlet Pipe

Storm Drain

Figure,42. Outlet Pipe Connecting to Storm Drain

The ability to flush'@rjet rod the system is important in the
maintenangesscheme. The edgedrain and outlet pipe must have
proper bénds andyvents 10 facilitate this operation. The
edgedrain pipe systém should be designed with maintenance in
mind. Figure 43 showsa system with outlet pipes located at
both ends of an edgedrain system. This allows flushing
equipment o enter the edgedrain from both ends. Figure 44
shows the need to provide smooth, long-radius bends in the
edgedrain system so rodding equipment can negotiate the
bends. Radii of 2 to 3 feet for pipe bends should be used to
pérmitdise of jet rodding or cleaning equipment [14].

13.5 Outlet Spacing The purpose of subsurface drainage is to remove water as
quickly as possible; therefore, the FHWA recommends outlet
spacing be limited to 250 feet. The edgedrain should be
segmented so that each section drains independentily.

13.6 Headwalls Headwalls are recommended because they provide the
following functions:

1. Protect outlet pipe from damage.

2. Prevent slope erosion. q
3. Locate outlet pipe. iy
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Edge of Pavement

Figure 43. Edgedrain Design for Maintenance

Edge of Pavement

Edgedrain
Large Radius
Bend
Dual Outlet

Figure 44. Smooth, Long Radius Bends for Edgedrain Outlet

&
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13.7 Rodent Screens

13.8 Reference Markers

13.9 Cahstruction
Considerations

Headwalls should be placed flush with the slope §0'that mowing
operations are not impaired and they are not a roadside
hazard. Both cast-in-place and precast concretetheadwalls can
be used. The important consideration is that the outlet pipe
drains. Some States have used a metal pipe slééve around the
end of the plastic outlet pipe that extends 4 to § feet into the fiil
to protect the outlet pipe. A recommented headwalbdesigh is
shown in Figure 45 [14].

Rodent screens are recommeinded becausexfdents have been
reported to damage geocomposiie fin drains and geotextiles,
and to build nests irt‘pipéedgedrains [14]. Eroded fines can
build up on the séreen and plig.the outlet. Rodent screens
should be easily removable so that the screens and outlet pipes
can be cleaned on a routine basis.

Reference markers are recommended since they facilitate
locating the outlet pipe for maintenance or observation.
Some SHA’s‘use a simple flexible delineator post to mark the
outlet, while otliers use a painted arrow [2] or mark on the
shoulder. ‘

As with any other drainage facility, correct line and grade are
critical to the function of the edgedrain. Placement of the outlet
pipe in the trench is important; high or low spots in the trench
must be avoided. Proper compaction of the trench backfill
material is important to prevent future maintenance problems
with early deterioration of the shoulder.

To prevent water entrapment, it is critical that the end of the
outlet pipe or concrete headwall be constructed to grade so that
the pipe drains. If flexible plastic tubing is used for the outlet
pipe, pipe curling may be a problem. Concrete headwalls, which
have been constructed or installed to grade, should solve this
problem. This is one reason why rigid pipe is recommended for
the outlet pipe.
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Precast Concrete
Headwall
In Slope

Slotied
“ Headwall
Side View 7= Detall
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Figure 45. Precast Concrete Headwall with Removable
Rodent Screen
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Special care must be taken so guardrail posts, sign posts,
lighting bases, and other highway appurtenances do net
interfere with the outlets.

Increased emphasis should be placed on better €onstruction
control and inspection of edgedrain systems, espécially the
outlets. Quality construction is essential for the edgedrain
system to perform as intended.

Videotaping the completed edgedrain withdflexiblé fiber optic
equipment is suggested for final acceéptafice of the project. A
uniform program of videotaping compléted projects should
improve the quality of construction and mifiifiize problems
during future maintenance activities.
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" 14.0 EDGEDRAIN CAPACITY AND OUTLET

SPACING

The capacity of the edgedrain and outlet spacing take on an
added importance when permeable bases are provided. Since
the goal of drainage is to remove water as quickly as possible,
the edgedrain capacity should not be a weak link. The
capacity of the edgedrain system should always increase as
the water flows through the system. The combination of
edgedrain capacity and outlet spacing must be adequate to
handle the design flows.

The design flow for calculating the required pipe capacity and
outlet spacing can be determined by one of the following design
approaches:

1. Pavement Infiltration (qy) Discharge Réte.
2. Permeable Base Discharge Rate.
3. Time to Drain Discharge Rate.
The engineer must select the desin approach that meels the
field conditions.

The design pipe flow for this approach 1s determined by the
following equation (Equation 40):

Q = qgWL 43)
where

Qp. = Design flow rate for pipe flow, cu ft/day

@  =pPavement infilfration, cu ft/day/sq ft

W \ = Widihnof permeable base, ft

L T = Outlel spacing, ft

Some engingers argue that the edgedrain system should be
capable of handling the peak flow that the permeable base can
discharge to the edgedrain system. The design discharge rate
from the permeable base (Equation 28) is adjusted to determine
the required pipe flow. The resulting equation is:

Qr = kSgHL cos(A) 44)

14.1 Design Flows

Pavement Infiltration
Discharge Rate Approach
for Pipe Flow

Permeable Base Discharge
Rate Approach for Pipe Flow
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Time to Drain Discharge Rate
Approach for Pipe Flow

where
Qr = Design flow rate for pipe flow, cu ft/day
k = Coefficient of permeability, ft/day
Sk = Resultant slope, fU/ft
H = Thickness of base, ft
L = Outlet spacing, ft
A = Angle between roadway£ross slope and resuliant slope

In the time to drain discharge rate appro@ch, the edgedrain
system should be capable of iandling the flow generated by
draining of the permeable base. This flow rate'is determined by
the following equation:

Q= WLEN, U) (24 45)
where
Qp (= Designflow rate for pipe flow, cu ft/day £ 3
W' = Widthof permeable base, ft -
L = Outlet spacing, ft
H "= Thickness of base, ft
N, = Elfective porosity
U 4 Percent drained, expressed as a decimal
tp = Drainage time period, hours

The first term of the equation represents the volume of water
discharged during the drainage time period (tp). Dividing this
volume by the drainage time period produces a flow rate

(cu ft/hour). For example, if 50-percent drainage is required in
a 2-hour time period, then:

U 0.50
tp 2 hrs

Multiplying this rate by 24 hrs/day produces a flow rate in
cu f/day.

Flow rates produced by these different approaches will vary
significantly depending upon the selection of parameters.
Engineering judgement should be used in selecting the design

ﬂOW. q
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The capacity of a circular pipe flowing full can be determined
by Manning’s equation:

Q = -si”r'Tol p¥3g12 (46)
where

Q = Pipe capacity, cu ft/day

D = Pipe diameter, inches

S = Slope, fi/ft

n = Manning’s roughness coefficient

Suggested values of Manning’s roughness coefficient are:

0.012
0.024

If the pipe diameter and roughness coefficient are assigned,
Equation 47 can be simplified:

Smooth pipe: n
Corrugated pipe: n

Q =Ks!?2 @47
where
Q Pipe capacity, cii {/day

K Pipe conveyan¢e (cu ft/day)
S Slope, ft/ft

The conveyance for various pipésizes#nd roughness are given
below:

wonu

Table 20, Conveydnce of Circular Pipe (K)

Pipe Diafneter Roughness Coefficient (n)
(inches)
.012 .024
3 82,699 41,349
4 178,102 89,051
6 525,105 262,553

14.2 Circular Pipe
Capacity
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The following example problem illustrates use of'the
conveyance table.

Given
Pipe Diameter 4 inches
Pipe Slope .01 ¥ (1.0 percent)
Corrugated Pipe n = 0.024

Find

Determine the capacity of the pipe usifig the conveyance table.
Solution

Entering Fable 20, select:

K = 89,051

Substituting int¢ the conveyance equation:

Q =ME8Y2 - 89051 x0.01 = 8,905

Capacity of pipen= 8,905 cu ft/day

Design Charts

Design charis for determining the capacity of circular pipes
flowing full are provided in Figures 46 and 47 for smooth and
corrugated pipes, respectively. Entering the respective flow
ghart with the pipe slope and diameter; the flow capacity can be
determined.

The following example illustrates the use of these charts:

Given
Pipe Diameter 4 inches
Pipe Slope .01 fv/ft. (1.0 percent)
Corrugated Pipe n = 0.024

Find

Determine the capacity of the pipe using the design charts.
Solution

Entering Figure 46 with a pipe diameter of 4 inches and a
slope of 0.01 ft/ft, read a capacity of 8,900 cf/day.

Capacity of pipe = 8,900 cu ft/day
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14.3 Outlet Spacing

Pavement Infiltration
Discharge Rate Approach

Permeable Base
Discharge Rate

By setting the pavement infiltration discharge réte (Equation
43) equal to the pipe capacity equation (Equation 47):

qWL = Ks¥2 (48)
and rearranging the terms, the outlef spacing ean be solved for.

_ ks*”

L oW

49)

where
L

An example problém demonstrates the design procedure.

Outlet spacing, ft

Given

Inflotv Conditions
Pavement infiltration (q)
Width of permeable base (W)

Pipe Data
Pipe diameter (D)
Pip@é slope (S)
Manning’s coefficient (n)
Find
Calculate the outlet spacing.

1.8 cu ft/day/sq ft
24 ft

4 inches
~.01 fvht
0.024

wnn

Solution

Substituting into equation 27:

_ KS” 89,051 x (0.01)"2
= aw " 18x24

206 ft

L

= 206

L

In this approach, the permeable base discharge rate (Equation
44) is set equal to the pipe capacity (Equation 47):

k Sg H L cos(A) = KS2 (50)




14.0

PAGE 141

00—

Rearranging terms, the outlet spacing can be determined by:

1
L = —XS G1)
k Sg H cos(A)
where
L = OQutlet spacing, ft

The time-to-drain discharge rate (Equation 45) is set equal to
the pipe capacity (Equation 47):

WLHN,U) () %24 = ks (52)

Rearranging the terms, the outlet spacing can be determinediby
the following equation:

V)
KS"™1p
L =3iwaNU (83)
where
L = Outlet spacing, ft

The edgedrain trench should transmit the discharging water to
the edgedrain pipet Since the flow iSWertical, trench capacity
should not be a problemy The required width of the edgedrain
trené¢h cafbe determined by applying Darcy’s Law:

Q = kA (54)

By definition, #he hydraulic gradient (i) will be equal to one (1),
and the cross-sectional area will be equal to W (W x 1 ft). This
relationship ean be seen in Figure 48.

Now setting the design flow (Q) equal to the permeable base
discharge (qd), the equation can be rewritten:

a =k1W (55)
Solving for W
w =2 (56)

k

Tinle-to-Drain Discharge
Rate Approach

14.4 Edgedrain Trench
Design
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Figure 48. Edgedrain Trénch Backfill Design

uffiere q

Wh' = Width of édgedrain trench, ft —
g4 = Permeable base discharge, cu ft/day
k = Ceefficient of permeability, ft/day

The following guidance is provided for the opening in the
edgedrain pipe:

Slotted Pipes
Dgs (Bdgedrain backan) > 1/2 Slot width
Circular Holes

Dgs (8dgedratn backall) > 1.0 Hole diameter

14.5 Practical Many SHA’s suggest a minimum pipe size of 4 inches based
Considerations on maintenance considerations, while a maximum outlet
' spacing of 250 feet is also suggested for maintenance
considerations.

A minimum slope of 0.0035 ft/ft for the pipe is recommended.
Admittedly, sag vertical curves are very flat, and many times
roads are built dead level. For these conditions, the pipe would
be driven into the subgrade and could not be daylighted for
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discharge. Engineers must accept the best trade-off of factors
available. For the dead level case, Equation 47 does not apply
since it is based on steady-state flow and constant slope
assumptions. In this case, the water will have to build up in the

pipe until enough head is created for the pipe to drain in a
non-steady flow.
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Maintenance is critical to the continued success of any
longitudinal edgedrain system. Inadequate or nonexistent
maintenance is a universal problem. The combination of
vegetative growth, debris, and fines discharging from the
edgedrains will eventually plug the outlet pipe. Mice’s nests,

. mowing clippings, and sediment collecting on rodent screens at

headwall are common maintenance problems. Qutlets often
cannot be found because they are hidden by vegetative growth.

- Some outlets have been so plugged that water gushed from the

pipes when the obstacles were removed.

It is obvious that if maintenance personnel cannot find the
outlets, no maintenance can be performed. SHA’s that use

concrete headwalls, reference markers, or painted atrows have'

better success in providing maintenance.

If flexible corrugated plastic pipe has been used asan
edgedrain, the pipe will not be perfectly stFaight since it bends
when encountering any large stones dufing the laying process.
These bends provide an opportunity for sediment {0 build up in
the edgedrain. Periodic flushing of the edgedrain is necessary to
remove sediment buildup.

Flushing and rodding of the/édgedrain system is,an important
part in the maintenance schéme. These @perations should be
done on a routine schédule.

Edgedrain outlets @nd pipe systemssliould be inspected at least
once a year to determine their condition. Use of flexible fiber,
opti¢ video equipment forinspecting the edgedrain pipe
systemis recoinmended. Tlushing of the pipe systems should
be performed as necessary.

Maintenance‘personnel should maintain vegetation (mow or
spray) around the outlet pipes at least twice a year. Itis
important {0 perform this limited maintenance on a periodic
basis to keep vegetative buildup to a minimum. Roadside
ditches should also be mowed and kept clean of debris.

If an SHA is unwilling to make a maintenance commitment,
permeable bases should not be used since the pavement
section will become flooded. This increases the rate of
pavement damage.

Reference Outlets

Flush as Necessary

Inspect Annually

Maintain Outlets
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For new and reconstructed pavements, permeable bases show
considerable promise for providing positive drainage of the
pavement section and extending the service life. By stabilizing
the base course material with asphalt cement or Portland
cement, a solid working platform can be provided for the
construction phase, while the material will be permeable
enough to drain any water that may infiltrate.

Below is guidance for the aggregate material:

¢ Both unstabilized and stabilized permeable base
material should consist of durable, crushed, angular
aggregate with essentially no fines (minus No3200
sieve). The aggregate material should'have good
interlock.

e The FHWA recommends that only crushed stone be used
for permeable bases.

* L.A. Abrasion Wear should n0i exceed 45 pércent.
Aggregate material should have adequate soundness.

The following guidance is for thi@hydrauli®.design of permeable
bases:

¢ Provide permeable base material with the best possible
effective porosity so that the base material will release
the maximum @mount of water.

eProvide base material with a minimum coefficient of
permeéahility of 1,000.ft/day. A coefficient of
permeabilityof 2,000 1o 3,000 ft/day would be
preferable.

e Provide as much slope as possible. A minimum slope of
0.02 fi/ft is recommended.

¢ Keep the length of the drainage path to a minimum.
¢ A maximum outlet spacing of 250 feet is recommended.

e Select base thickness based primarily on construction
considerations. A minimum thickness of 4 inches is
recommended.

16.1 Permeable Bases

LIse Crushed Stone

Provide 1,000 ft/day
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Pavement drainage is not a substitute for pavement
thickness, positive load transfer, or a strong subgrade.

For unstabilized permeable bases, the following guidance is
provided:

e Unstabilized aggregate material should be composed of
100 percent crushed stone.

- o New Jersey Department of Transportdtion gradation
(Table 7) should provide adequate permeability and
good stability during cofistruction.

¢ For compaction, most SHA"S specify one {o three passes
of a 5- todl0-ton steel wheel roller. Vibratory rollers
should beused with care since they can cause
degradations over-densificaiion, and a subsequent loss
of permeability.

Thé followifig guilance is provided for stabilized bases: q
Asphali-Stabilizea RN

o Application rate of asphalt cement should be 2 to 1-1/2
percent, hy weight.

¢ A harder grade of asphalt, AC 40 or AR 8000 is
recommended.

¢ For asphalt-stabilized permeable bases, most SHA's
gpecify one to three passes of a 5- to 10-ton steel wheel
roller for compaction. Vibratory rollers are not
recommended.

Cement-Stabilized
e Application rate of 2 to 3 bags of cement is
recommended.

¢ A number of SHA’s have good success in using only
vibrating screeds and plates for compaction.

16.2 Separator Layer A separator layer must be provided between the permeable

base and the subbase/subgrade to keep soil particles from q
contaminating the permeable base. Either an aggregate L
separator layer or a geotextile can be used.
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A minimum aggregate separator layer thickness of 4 inches is
recommended.

A separator layer is not a substitute for proper subgrade
preparation.

Contractor construction quality control and the SHA inspection
level should ensure design expectations are achieved. Well-
designed permeable bases can be contaminated or made
nonfunctional by poor construction practices.

A positive drainage system with a separatordayer, ag@ermeable
base, and longitudinal edgedrains cannot function,as designed
without requiring routine maintenance. Edgedrains and outfails
should be inspected annually.

It is fully expected that SHA’s will experiénce reduced operating
costs and extend service life for pavements with positive
drainage.

The following guidance is provided for efigedrain systems:

¢ The capacity of the edgedrain systém should always
increase as the water flows throtigh the system. The
edgedrain capacity should be great enough to handle the
flows coming to it

o Conventional pipe edgedrains are recommended because
of their relativelpphigh flow capacity and their ability to
be mainfained.

e The lateral outlet pipe should be a rigid pipe with a
minimum slope of 3 percent.

e Maximum outlet spacing of 250 feet is the recommended
based on maintenance considerations.

¢ Concrete headwalls and outlet markers should be
provided at pipe outlets.

e Subsurface drainage design should be coordinated with

surface drainage. The invert of the outlet pipe should be

16:3. Construction

16.4 Maintenance

16.5 Edgedrain System
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located 6 inches above the 10-year design flow in the
ditch. '

o Edgedrain systems should be designed with
maintenance in mind.

¢ Use of video equipment to inspect completed edgedrain
systems is a good approach to ensure quality control.
Video equipment should also beai§édito periodically
inspect edgedrain systems for maintenance.

e Periodic inspection and maintenanée is afi absolute
necessity to maintain the performiance of & permeable
base.




'

PAGE 151

17.0 REFERENCES

1.

10.

11.

12.

13.

American Association of State Highway and Transportation Officials, “AASHTO, Guide for Design of
Pavement Structures,” 1986, 444 North Capitol Street, N.-W., Suite 225, Washington, RC 20001.

Baumgardner, R.H., and Mathis, D.M., Experimental Project No. 12, State of ghe Practiee, “Concrete
Pavement Drainage Rehabilitation.”

Carpenter, S.H., “Highway Subdrainage Design by Microcomputer: (DAMP),” Drainage Analysis &
Modeling Programs, FHWA-IP-90-012, August 1990, Federal Highwa$ Administrations, A¥ailable from:
NTIS, 5285 Port Royal Road, Springfield, VA 22161.

Cedergren, H.R., O’Brien, K.H., and Arman, J.A., “Guidelizses for thé Design of Subsurface Drainage
System for Highway Structural Systems,” FHWA-TS-86-208, July 1986. Available from: NTIS, 5285 Port
Royal Road, Springfield, VA 22161.

Cedergren, H.R., “Drainage of Highway and Airfield Paverents,” 1987 Robert E. Krieger Publishing Co.
Inc., Krieger Drive, Malabar, FL 32950.

Chen, Y.H., and Cotton, G.K., Design of Roddside Channels with Flexible Linings,” HEC No. 15, April
1988, FHWA-IP-87-7. Available fromé INTIS, 5285 Port Royal Road, Springfield, VA 22161.

Christopher, B.R., and Holtz, R.D. “Geotextile Engineering Manual,” 1985, DTFH 61-83-C00150, Federal
Highway Administration, 400 7#8t., S.W.) Washington, DC 20590.

Corps of Engineers, “Technical Guidangé for Design of the Subsurface Drainage for Military Pavements,”
(Draft), Waterways Experiment Station (GP-T), 3909 Halls Ferry Road, Vicksburg, MS 39180-0631.

Corps of Enginéets, “Interior Drainfige of Leveed Urban Areas: Hydrology,” EM 1110-2-1410, 3 May
1965, Headquarters Department of the Army, Office of the Chief of Engineers.

ERES Consitants, Inc., “Pavement Design for Federal, State and Local Engineers,” October 1987,
Participant’s Noteboek, Contract No. DOTFH 61-86-C-0038, P. O. Box 1003, Champaign, IL 61820.

ERES Cdnsultants, Inc., “Techniques for Pavement Rehabilitation,” Participant’s Notebook, October 1987,
P.O. Box 1003, Champaign, IL 61820.

Federal Highway Administration, “Geotextile Design & Construction Guidelines,” October 1989, FHWA-
HI-90-001, 400 7th Street, S.W., Washington, DC 20590.

Federal Highway Administration, Technical Advisory, T 5140.30 “Concrete Pavement Joints,” November
30, 1990, Pavement Division, 400 7th Street, S.W.,Washington, DC 20590.




PAGE 152

17.0

14. Federal Highway Administration, Technical Guide Paper 90-01, “Subsurface Pavement Déainage,” October
1990, Pavement Division, 400 7th Street, S.W., Washiqgton, DC 20590.

15. Forsyth, R.A., Wells, G.K., and Woodstrom, J.H., “Economic Impact of Pavement Subsirface Drainage,”
Transportation Research Record 1121, Pages 77-85, January 1987.

16. Forsyth, R.A., “Asphalt Treated Permeable Material - Its Evolution and Application,” Quality Improvement
Series QIP 117, National Asphalt Pavement Association, NAPA Bmldmg, 5100 Forbes Boulevard, Lanham,
MD 20706-4413.

17. Hall, M., “Cement Stabilized Open Graded Base,” Strength Testin and Figld Performance vs Cement
Content, Project 0624-32-65, Interim Report, Wisconsin Concrete Paving Assoc., §721 Odana Road,
Madison, WI 53719. \

18. Johnson, F.L., and Chang, F.M., “Drainage of Highway,Pavernentsy”, HEC No. 12, March 1984, FHWA-
TS-84-202, Available from: NTIS, 5285 Port Royal Road, Springfield, VA 22161.

19. Koerner, R.M., “Designing with Geosynthetics{”™ Second Edition, 1989, Prentice-Hall, Englewood Cliffs,
NJ 07632.

20. Koerner, R. M., and Ko, F.K., “Laboratory Studies on Long Term Drain&ge Capability of Geotextiles,”
Second International Conference on/Gébtextiles, bas Vegas, NV.

21. Mathis, D.M., “Permeable Base Design and Gonstruction,” Proceedings, Fourth International Conference
on Concrete Pavement Design and Rehabilitation, Purdue University, April 18-20, 1989.

22. Moulton, LK., “HighWway Subdrainage Désign,” Report No. FHWA-TS-80-224, Office of Research and
Development, Federal Highway Administration, 400 7th Street S.W., Washington, DC 20590.

23. Moulton, L.K.;"“Determination of.the In Situ Permeability of Base and Subbase Courses,” Report No.
FHWA-RD-79-88, May 1979, Office of Research and Development, Federal Highway Administration, 400
7th Street S.W., Washington, DC 20590.

24. National Oceanic and Atmospheric Administration, “Five to 60 Minute Precipitation Frequency for Eastern
and Central United States,” National Weather Service, NWS HYDRO-35, June 1977 NTIS No. PB 272
112. Available from: NTIS, 5285 Port Royal Road, Springfield, VA 22161.

25. National Oceanic and Atmospheric Administration, “Precipitation Frequency Atlas of Western United
States,” NOAA Atlas No.2, 1973. Available from: U.S. Government Printing Office, Washington DC 20402.

26. Ridgeway, H.H., “Pavement Subsurface Drainage System,” NCHRP Report No. 96, November 1982,
Transportation Research Board, National Research Council, Washington, DC.

2U.S. GOVERNMENT PRINTING OFFICE:1993 -343-1208578




( \ DEMO #87 HNG-42
| DRAINABLE PAVEMENT SYSTEMS

Questions and Answers
OCT 1993

General'Desigg

Question: The use of AASHTO gradation No. 57 or No. 67 ingd
cement treated permeable base has been well documented. /How much
sand can be added and still maintain sufficient drainage?

When sand is added to a AASHTO No. 57 or No. 67 gradation, &he
gradation is altered considerably. This in turn réduces the
permeability. One parameter many investigators Mse to_gauge
permeability is the effective size (D;,). The effectilve gdze of
the gradation will be reduced considerably with {Ehe&ddition of
sand. The best way to determine the coeffidient of permeability
is to conduct a permeability test on a sample of thepmixt A
minimum coefficient of permeability of 1000 f¢/day 1S
recommended.

Question: Can recycled Portland cefient concrebe be used in
permeable bases?

f ' Recycled portland cementiiconcxEte can be used as a permeable
base. The general guidange, doncerning the guality of the
aggregate, stability of theé base, and Bequired permeability for
permeable bases still apply.

Most likely, a precipitate will'be discharged. The long term
effects of the precipitate on the @apacity of the edgedrain and
environment is not known. On€ State highway agency applies an
asphalt emulsiongto the recycléd concrete to provide stability
during the constructionphaseland to coat the particles to trap
the precipitate:

Question: 1Is there any preference of asphalt or Portland cement
as a stabilizer?

We believe that edther material can be successfully used as a
stabilizerdmaterial, if the application rate, quality of the
aggregate, and construction procedures follow the guidance we
provide| The Contractor should have the option to provide the
stabilizeér of his choice since he can best bid his equipment and
supplies.

Question: Will fines from the pavement surface clog the
permeable base over time?

{ * It is difficult to believe that the volume of fines entering a

1
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permeable base from the road surface would be enough to clog the
base. We recommend that all joints and cracks be sealed to
prevent incompressibles from entering the joints.

Question: Is a thinner concrete section with drainabde base
better than a thicker section with dense graded base?

Heavily loaded roads need both positive drainage and p@&itive
load transfer to provide acceptable long term serviceéability. for
PCCP. Additional thickness is not a cost effective trade-off for
either feature. Remember the data from the ASSHO road, test was
based on only 1 million load repetitions over a relatively shaort
time. Today we are extrapolating the data faxfbeyond thewtest
results! Further the FHWA does not recommend that _ thickness be
reduced on structural thicknesses where a permeablde bafe is used.
We recommend that all designs be "engineered! \t@ meet |[the minimum
drainage coefficient (C4) of 1.0.

Question: Are we spending too much money  oh keeping water out of
the pavement section using bdth joilit, seals and drainable bases?

No. Joint seals reduce the surface water Imfiltration into the
pavement section. We believe in Sealing the“most water out and
draining any water that entems, the ‘pawvement section away as .
quickly as possible . )\In this “way the éhain for pumping and base £ ”
erosion on PCCP is br@ken. Additionally, joint sealing prevents
collection of incompresgibles and thus reduces spalling at the

joint and "slab growth" Or \resultant 'blow-ups.

Question: 1Is the/drainable base a factor in the wide cracks
observed in the joints?

Not necessarily. | Many thicker pavements, even those over dense
asphalt treated baseés havé also done this. Minnesota and
Australia ©oth have notable experiences in this area. Australia
considers cracking criteria by placing a limit on PCC mix
ghrinkage during, the trial mix design. Many States in the United
States meuld takena good look at paving concrete mix designs and
could redude,placenent problems and early performance concerns.

Questidn: Costs - what are actual costs of drainable base per
mile?

This ¥eally varies from State to State and even project to

projedt .to project and depends heavily on the sources of

acceptable aggregates. Crushed stone is recommended. If either

asphalt or cement stabilized base is used, it is unlikely either
stabilizer will be permanent, i.e. asphalt may strip in time or

the reduced cement may deteriorate due to freeze-thaw action, so

high quality aggregates are recommended in all cases. !“'3

2
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Question: Is there any problem with freeze-thaw in our 4"
drainable base section?

Freeze-thaw has not been noted to be a problem in the noxthern
states. Michigan has used drainable base since 1975. We ghould
note, however, that the use of a drainable base with an edge
drain system will increase the exposure to air and increagé the
number of freeze-thaw cycles to which the pavement sectifim is
exposed.

Question: Will pumping and clogging develop due to wide ‘ekacks?

It is more likely that faulting may develop, perhaps more due €O
non-uniform base consolidation than faulting. Unlessg
incompressibles get into the joint, the joint opeénifigs should
tend to equalize. However, the joints that({formed initially,
will tend to remain slightly wider than the @thers. WEfthe
concrete shrinks as much as 1/4 to 1/2 inch, ‘there will likely be
NO aggregate interlock in any off the j@ints. ‘In Michigan, 70 to
80% of the slabs showed voids or "low cornefpsupport on short
jointed undowelled PCCP on ASPB aftéer, just 12 years of
service(barely 1 million ESALS) .

Question: What type ofdperfofmance are we, getting with our
Neoprene seals and Silicone geals on our concrete pavements? Are
they keeping the water out and for how)long; 5 years? 10 years?
15 years?

Neoprene seals have b€en Tound €o,be effective for 15 years or
longer in original gbnstruction If )properly placed. Permanent
set is the major cause of failure but they still resist

incompressibles g#&ven when they are no longer water tight. (FHWA-

RD-89-136-141)_.| Silicohe seals have performed equally well for
up to 10 to 12 years. ©Receéntly there has been early
failures(Iowa, Michigan, and other States). 1In fact, Germany

disgonbinued the W8e of silicone three years ago and now is using
PhoeniXx néeprene compression seals as the primary seal.

We should pdint out, that neoprene joint seals should be sized to
the craeck #vidth. This means on projects with variable cracking
patterngf the initial crack widths will vary as will the
effective working range of each joint or series of joints. In
this casé the engineer and contractor should carefully select the
proper size compression seal for each situation. This is a
common over sight which often contributes to seal failure.

Question: Have any failures of any type been reported with a
pavement section with a drainable base?
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Yes, we have heard of projects with early performance problems. =
Michigan, Kentucky, and Mississippi to mention a few. But each
of the States and their problems must be looked at independently.
Poor performance on I-94 in Michigan on two or three projects was
primarily due to:

-Location of the underdrain...in the wheel path

-High annual ESALs...3 million on 10" - 41’ JRCP

-Sand subbase...poor filter layer and pumping

-Lack of load support...use of non crushed materials

-Recycled PCCP...lack of adequate load transfer| for JRCP
A number of other projects with similar designs are performing
satisfactorily. The major problem in these cases probably
centered on under design of the JRCP for the a€tual wtraffie
loadings. 1In these cases, we believe a 12" JPCP would have been
preferable.

Question: How extensive is drainable bag&e used in the northern
part of the United States?

The exact number of state prdcticeg Ws unknown at this time but

today most States are now considering the need for "positive"

drainage. Those states that congbitute thésmajority of the PCCP
construction including, Minnesota), Wisconsirm, Michigan,

Pennsylvania, New Jersey, andplllin@is (experimentally) . {_!)

Question: How much damage does surface moisture cause and will
drainable bases eliminate this damage?

Most concrete pavememits, do net fail in fatigue(mid slab
cracking). The m@gst frequent failures are joint related, that is
no load transfer /[and pumping of »the base course, both stabilized
and unstabilized. See FHWA RD-89-136 to 141 for actual
performance ififormation. Pavements, in States with as little as
10" of rainfall, over CTBfOr LCB have faulted significantly in 10
years or legs when the were undowelled and undrained(includes

Wyoming, Utah, )and Nevada). Remember the three elements
decessary for pumping... (1) free water; (2) loads; and (3) voids.
With positive drainage we can break the chain by removing the
"free waterh,. Permeable bases, when adequately maintained, will

reduce mdisturenrelated damage.

Question: Which section will give us longer life, dense graded
section or drainable base section?

That quéstion is the whole thrust of Demo 87, we know that the
dense graded bases are saturated and we are not getting the life
out of our PCCP’s we could. We know our pavements are pumping
and faulting and we see base erosion. We know what we have been
doing since the late 50’s and early 60’s is not working.

M
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For medium to heavy truck loadings, it is expected that permeable
bases will increase effective service up to 50%, if combined with
positive load transfer. The caveat for proper design,
construction quality, and maintenance also goes along. We do not
have the long term performance data to fully support whatd{deoes
work. FHWA-RD-89-136 showed good performance up to 12

years (through 1987). A follow up research project is underway,to
review the original 95 PCCP sections plus a large number of
others with field data collected in 1992. This should giVve us a
better indication of the long term performance. We expec¢t an
interim report to be made available by mid to late 1993.

Unstabilized Permeable Bases

Question: Can an aggregate gradation used for ah unsfabilized
open graded permeable base be allowed to deviate outside of the
New Jersey gradation if it demonstrates satisfactory
permeability?

The New Jersey gradation is only ©ne example of an unstabilized

permeable base. This gradation has been used, successfully by

New Jersey DOT for a number of years. »Anothe¥ gradation could be

used. Any gradation should be tested“in the labcratory to

f’*\ determine its coefficient of pexm@abilitys A minimum coefficient
- of permeability of 1,000{ feet Her day is ¥esgommended. Don’t

forget the quality of the“aggregate; @rxrushed stone with a maximum

L.A. abrasion Wear of 45 percent is recommended. A control strip

should be placed at the start ©f construction to determine the

stability of the gradatd®n!

Asphalt Stabilized Permeable Bases

Question: Can a/gfructural layer coefficient be identified for a
asphalt treated)permeable basé material?

Mr. Ray Forsyth iInthe National Asphalt Pavement Association
publdécatien "Asphalt)Treated Material - Its Evolution and
Application"mstates €hat "...a structural coefficient
corresponding toma stabilized base (AASHTO coefficient (0.20 -
0.25) be used in theérdesign of new pavements." A more
conservabise approach would be to assign no structural value to
the typigal 4-inch drainage layer.

Question:| What mix design procedure should be used for asphalt
stabilized permeable bases?

The role of the stabilizer material is to hold the permeable base

together during the construction phase. There is no increase in
the structural value of the base due to the stabilizer material;

f * therefore, a mix design is not necessary. An application rate of

5
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2-2 1/2 percent asphalt should be sufficient. We do recommend a
laboratory verification to avoid over asphalting and that stiffer
asphalt (AC 40) be used.

Question: Do you need to run a stripping test on thé asphalt?

Again, since there has been no structural increase assigned to
the asphalt, there is no need for testing. The permedble base is
designed for stone to stone contact; therefore, in the confined
location, if the thin AC coating strips, there should be no loas
of strength.

Question: Is the loss of yield a problem with conckete
penetrating into the asphalt treated drainable basgé&?

Yield is always a concern. Every permeable base willl be open at
the inner face and will, of course, accept some volume of fines
and mortar. It is unlikely penetration of a prope¥ly designed and
mixed concrete should penetrate more than'1/4".

Cement Stabilized Permeable Bases

Question: What is the long term effect of water infiltration on
a cement stabilized permeable base?

The long term effects ©n @ cemernt stablilized base is not known.
It is quite possible that the cement may leach out. Since the
effect of the stabilizer (asphalt or Portland cement) has not
been counted on ingthe thickiness design calculations, the
strength of the p&rmeable base )should still be adequate.

Question: Cam flyash be used in cement treated permeable bases?

Any cementing materialpgificiuding flyash can be used in a cement
treated permeable base. The trick is to provide a cost effective
md®ture that will sustain the construction traffic without
degradation and retain the desired drainage characteristics once
the, pavement is constructed. Remember that strength gain is much
slower flyash as compared to a cement. Perhaps a blend is
necessaify.

One State Highway agency permits a pound for pound substitution
of flyash for cement up to a maximum of 10 percent of the cement
content.

Question: What is a recommended curing pattern for cement
stabilized permeable base?

The Oklahoma Department of Transportation requires that the
completed cement stabilized permeable base be cured by sprinkling
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the surface of the base with a fine mist spray of water every
2 hours for a period of 8 hours. The sprinkling starts the
morning after the base is placed. No traffic or equipment is
allowed on the permeable base for at least 7 days after it is
placed.

The Wisconsin Department of Transportation requires that the
completed cement stabilized permeable base be covered with
polyethylene sheeting for at least 3 days. Traffic is allow on
the completed base when the Engineer feels that the base has
adequately set up to handle construction traffic.

Groundwater Flow

Question: How does water get into a structural section with low
water tables and a dry climate?

Water can enter the pavement section by pavement infil@F&ation
that is rainfall that seeps into the pavement though open joints
and cracks. Also, depending on the 'typ€ of,soil water can be
drawn up considerable distances from tthe wateébptable by capillary
action.

(f~\Question: Will a drainable paverient help with a swelling clay?

The combination of a permeablel base and),an aggregate separator
layer should carry any pavement infiltration water over to an
edgedrain. Since an aggregate géeparator “layer should have

5-12 percent fines passifig the NO.»,200 sieve it should have a low
permeability. Pavement infiltratiem, would be collected on top of
the aggregate separator layer, @hd then drain horizontally though
the permeable basegover to the edgedrain.

Question: What @trategies Jaxé there to remove water from
groundwater sources?

Groundwaternis prima¥rily a geotechnical problem. The best
approach\would be the Wse of a drainage layer under the road
connecting to deep bengitudinal edgedrains along the side of the
road. Groundwater strategies are discussed in "Highway
Subdrainagef Design," Report No. FHWA-TS-80-224.

Question: What strategies are there to prevent water from
entering thé pavement section from the edges?

Again, this is primarily a geotechnical problem. Deeper
longitudinal edgedrains should intercept the water before it
enters the pavement section.

{ ' Question: Will drainable base remove ground water from the
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section of roadway? e

Generally, no. The underdrains are designed to only drain "roof
leakage" or infiltrated water. Iowa, however, constructs their
longitudinal underdrains 42" deep. At this depth tHey are
intercepting some ground water in addition to draining ‘the roof
infiltration. The trade off, of course, is added cost of \the deep
drains.

Question: Will the drainable base section have any effect omn)the
moisture content of the subgrade?

It is expected it will reduce the moisture £ontenbk of the
subbase because it will not be in continuou& contéact with a
saturated base. The separator layer, whetheér DEAB of geotech
fabric, is designed to convey the infiltratedmoisture into the
longitudinal drains as rapidly as possible. " This ldyer separates
the drainable base from the subbase or subgrade WA minimum cross
slope of 2% (Europe uses 2 1/2%) and a maXimum of 4 1/2% is
recommended for the separator’ layer:

Hydraulics

Question: What is ‘€he minimum slope of the longitudinal fﬂﬁb
edgedrain? If the minimum slope can not be obtained, should the —
depth of the edgedrain be varied go that the slope can be ‘
obtained?

This is a good gfiestion that points up the problems with
edgedrain flow. | The minifium €lope required to maintain a
velocity of 2afeet per segond for 4-inch pipe flowing full is
0.0717 and 0.0283 feet per foot for smooth and corrugated pipe,
respectfullly. When Bhesdlongitudinal slope of the road is level
(0.0 %) or“at, the bottom of a sag vertical curve the longitudinal
dlope is 0.0 percent. This means that the water will not flow in
unifoem, steady state conditions. Most likely any sediment will
fall out and plug)the pipe. Increasing the slope of the pipe is
not recommended since trenching would be difficult. The best
solutidn appears to be to maintain the slope of the pipe the same
as theé slope of the roadway and to provide periodic maintenance
to @¢lean out the pipe.

Question: Clearly define the difference between steady state
flow and time to drain.

Perhaps the best discussion can be provided by the following

example. The next time you clean the roof gutters on your house

you can perform this simple experiment. After cleaning the roof
gutter, place the garden house at the high end of the gutter and f‘!)
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turn the water on. Since the flow from the hose is at a uniform
rate, the flow in the gutter will quickly stabilize at an uniform
depth and velocity. This is uniform steady state flow. Now shut
the water flow off. This represents the cessation of rainfall
and pavement infiltration. The depth of flow and water vedocity
will fall off very quickly. Since there is no more input ©Ff
water, the water in the gutter will drain away. The time
required for the water to drain away represents the time to
drain.

Maintenance

Question: How important is it to maintain the longitudinal
edgedrain system for a permeable base?

IT IS ESSENTIAL THAT THE EDGEDRAIN SYSTEM BE INSPECTED ANNUALLY
AND MAINTAINED WHEN NEEDED. If the edgedraii systém is not
maintained, it will quickly clog flooding the edgedrain sgystem
and permeable base. This in turn will saturaté)the subgrade with
an accompanying loss of strength.¢ \IF THERE IS 'NOT A COMMITMENT
TO MAINTENANCE, BOTH IN POLICY AND IN MAINTENANCE FUNDS,
PERMEABLE BASES SHOULD NOT BE PROVIDED.
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