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1.0 INTRODUCTION

In 1988, the Federal Highway Administration (FHWA) conducted a field survey (Demonstration
Project No. 975, Permeable Base Design and Construction) of ten States (California, lowa,
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 over 30 States using permeable bases.

Water in the pavement structure has long been recognized as a primary cause of distress. Within
the past 5-10 years drainage of pavements has received an increasing amount of gonsideration.
The mechanics of moisture distress are somewhat different for Portland cement foncrete
pavements and asphalt concrete (flexible) pavements; however the basie, theory for
hydraulic drainage and pipe flow are the same regardless of the pavement type,

The three major factors in moisture distress in pavements are listed b&low:
e Ramfall
» Heavy Trucks
e Pavement section

First, most of the United States experiences significant rainfallin the form of total annual rainfall
or storms of heavy intensity over a short duratiom, This ramialh will infiltrate the pavement
section through open joints or cracks in the pavement surface becomting infiltrated water in the
pavement structural system. Since base matéfial and sub-grades of existing roads are relatively
impermeable, the trapped water will'gausé moisturedistress ihthe pavement section.

Second, the wheel loads associated with heavy trucks Wwill only become heavier as the size of
trucks increase, and as truck traffigrincreases) the number of wheel load repetitions will increase
accordingly.

Third, in reality, pavements engineers have no control over the first two factors. Pavement
engineers only have conirol overthe desigh and construction of the pavement section.

Detailed design guidanee for design of both PCC and flexible pavement is provided in NHI
Coutse Nu,, 13126, “Paveément Subsurface Drainage Design.” This workshop will focus on
the constructionief pavement drainage systems for both PCC and flexible pavements.




1.1 Portland Cement Concrete (PCC) Pavements

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
flexible shoulders are used with rigid pavements. Water also enters the pavement section from
shallow ditches and medians.

A list of moisture related distress for PCC pavements is provided in Table 1-1 (. 2-14,
Table 2.2, ERES, Reference Manual, NHI Course No. 13126, “Pavement Subsurface Drainage
Design”).

Below is a list of major distress in PCC pavements associated with excess watér:
¢ Curling/warping
*  Pumping
»  Faulting
+  Corner breaks
*  Punchouts
¢ D-Cracking

Moisture distress in PCC pavements is a complex and progressive reaction.

Curling/warping During the daylight hoursf the sun will figat up the surface of the concrete
slab causing it to expand more than the bottom of e slab. This will tend to make the bow up in
the middle. During the night, the processiWill reverse itself. Due to the cool night air the top of
the slab will contract more thdn the boftom of the slab. This will tend to pull the ends of the slabs
up. As these thermal cycles are applied to the slab, small voids under the pavement slab at the
joints will be created.

Pumping As the pavemefit joints open up, water will enter the pavement section and collect in
the voids. When heayy wheel loads approach the joint, the approach slab will deflect
downwards sendingg pressure wave of water jet towards the leave slab as shown in Figure 1-1.
The approach slab| then rebotinds, and'thie leave slab is pushed downwards as the wheel crosses
over the joint.

This éhuwning action te8ults in the erosion of material under the leave slab with some matetial
being deposited, under thelgpproach slab, and the remainder of the material being pumped up
though the pavementjeint. Ejection of free water and this material is called pumping.

Faulting Material pumped from the pavement section is usually visible as stains on the
pavement and shoulder. As the material builds up under the approach slab, the difference in
elevation between the approach slab and leave slab is called faulting.

Corner Breaks The relocated material under the approach is relatively loose; there is definite
loss of support under the approach slab and eventually there will be a triangular corner break. As
the PCC pavement continues to lose support, additional cracks will develop until the pavement
has completely failed and needs replacing.




For the purpose of this manual, it is assumed that pavement subsurface drainage systems are
provided to combat the pumping problem in PCC pavements.

D-cracking D-cracking of concrete pavements is a moisture related distress and is caused by
freezing and thawing of moisture in saturated aggregates which causes the aggregate to fracture.

Punchouts Punchouts are sections of CRCP that become surrounded by crack§ithat completely
separate the punchout piece from the concrete slab. These pieces are usudlly somewhat
rectangular in nature. Permeable bases are not recommended for CRCP pavemenisisince any
intrusion of the concrete into the permeable base will change the pavement desi@n.

Factors for Pumping ‘
One of the primary distress mechanisms observed on PCC pavements iS pumping/ Four
conditions must exist beneath the pavement slab for pumping to ocofir (FHTW A, 1992):

*  [Free water

*  Heavy wheel loads

»  Erodible bases

* Voids

Unfortunately, all of these conditions ar€ present Omythe vash majority of PCC pavements
designed and constructed to date.

The merit of a permeable base is that it drains water i the base and does not allow the base to
become saturated. Properly defigned afid constructed petmeable bases do not develop the water
pressure required for pumping to Ocsul.

Other PCC Pavement Elements

Tied Concrete Shoulders or Widened Lanes

As the PCC pavem€nts ageshthe joint/between the concrete pavement and the asphalt concrete
shoulder will tendho open up. Simecedhe materials are dissimilar, significant amount of water can
enter the pavement structural system. To combat this, tied concrete shoulders are suggested.
Sidceéthe pavement andishoulder materials are similar, and the shoulder is tied, or widened lanes
prowvaded, pavement infiitrdtion is be reduced.
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Figure 1-1 Moisture Related Distress in PCCPavemelits

Tied concrete shoulders and widened lanes provide considerable &dge suppdit for the main
concrete pavement slab. Since the edge of the slab is a critical $fess arca FPCC pavements, the
pavement life should be extended.

Table 1 —1 Moisture Related Distress In PCC Pavements

Distress Moisture Climatic Materials Load Structural Defects Begins in
Type | Manifestation | Problem Froblem Frobiem Associated PCC Subbase | Subgrade

Spalling Possible Frec’ e Mortar No Yes No No
- Cycles
2 . Freeze Thaw Chemical Yes
g Scaling Yes Cycles Influence No Finishing No No
> D-Cracking Yes preeze Thaw Aggmg?te No Yes No No
& Cycles E¥pansion
z Yes
@ Crazing No No Rich Mortar No Weak No No

Surface
Thermo

)2}
.5 Blow-up No Temperature Properties No Yes No No
2 Pumpmg god Yes Moisture Inadequate Yes No Yes Yes
£ Erosion Strength
S . Moisture - Erosion
a Faulting Yes Suction Setflement Yes No Yes Yes
- Sl Moisture Moisture and
= Js Yes and Temperature No Yes No No
2 Warping . o .
@ Temperature Differentials

Corner Yes Moisture Cracking . Yes No Yes Yes

Follows Erosion

80 Diagonal
2 Transverse Yes Moisture Follows Erosion Yes No Yes Yes
E Longitudinal
& Punch-out Deformation

unet-ou Yes Moisture Follows Yes No Yes Yes

(CRCP) )

Cracking




Figure 1-2 shows a typical cross section of a PCC pavement. Discussions in this paper are based
on this cross section
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Figure 1 - 2 Typical PCC Pavement Cross Section

Dowel Bars

Dowel bars are the single most cost effective element that can be provided in a PCC
pavement. Pavement subsurfage draindge Would be a second. Dowel bars provide load
transfer from one slab to the other as the wheel'load approashes the pavement and will help to
bridge any void spaces that develop af the pavement joint.

1.2 Asphalt Concrete (flexible) Pavements

Moisture Related Distresses in AC Pavéments

Moisture and soil subgrade suppert play an even more important role in AC pavements, since
they are flexible pavements that'transmit much greater stresses to the subgrade. Moisture
damage to AC pavements can best be described by the following statement (p. 2-13, ERES,
Reference Manual, NHI Course No. 13126, “Pavement Subsurface Drainage Design™):

“Moisture-damdge “ocetins, chiefly because of the influence of moisture on the load-carrying
capacity of sibgrades and its ability to degrade AC stabilized materials. The classical pavement
design methods are based on saturated subgrade strength and the resulting loss of support due to
excessive moisture. Pulsating pore pressures that develop in a subgrade as a result of moving
loads significantly influence the subgrade’s load carrying capacity”.

Stripping Stripping is the gradual deterioration of the asphalt cement that binds the aggregate
material together.

Rutting Rutting is a depression in the wheelpath of the pavement surface. This distress is due




to a combination of heavy wheel load and excess moisture in the subgrade.

Alligator or fatigue cracking Alligator or fatigue cracking is the most common type of AC
pavement distress. Alligator cracking is caused by repeated heavy wheel loads on the pavement
and 1s accelerated by any excess moisture in the pavement structure.

Potholes Potholes are the terminal distresses for flexible pavement; they represent a complete
failure of the pavement structure. This distress is an extension of alligatoaf éracking in which
moisture has penetrated the cracks and destroyed the pavement structure.

Crack deterioration Any transverse or longitudinal cracks that develop A quite Similar to
cracks in concrete pavements. ‘Any excess moisture in the pavement strdeture will a¢eelerate
pavement deterioration.

A list of moisture related distress for AC pavements is provided i Table 152 (p. 2= 14 Table 2.2,
ERES, Reference Manual, NHI Course No. 13126, “Pavement Subsupface Drainage Design™).

Note that the bump, rutting, depression, and pothole distresses begindt the subgrade level. Also
note that excess moisture will accelerate almost every distéess listed'in the table,

Table 1 — 2 Moisturé Related Distress in AC Pavements

Distress Moisture Climatie Materials Load Structural Defects Begins in
ifestati Probl Probl Probl Associated
Type | Manifestation roblem roblexmd roblemn S0 AC Base | Subgrade

Bump or Excessive Volume
E Distortion Moisture ) Increase No No No Yes
E i i .
E Com_xgat;on or Slight Moistyggland Unstable Mix Yes Yes Yes Yes
= Rippling Temperature
Qo
2 Stripping Yeé Moisture Loss of Bond No Yes No No
¥ Excess in Plastic
& . Granular . .
5 Rutting Moisture Deformation, Yes Yes Yes Yes
a layers‘or Stripping

subgrade
. Excess suction & Settiement, Fill
Depression Muisture Materials Materials No No No Yes
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Moisture distress in flexible pavements is shown in Figure 1-3. First, the pavement section has
Next, as the moving wheel load

become saturated due to the infiltration of surface water.




proceeds down the pavement, it creates a moving pressure wave that forces the water deeper into

; I . ‘ AC Pa‘\’:ement

Aggregate Base
(Saturated)

Subgrade Soil
{Saturated)

- Subgrade Deflection
‘// l \ ~a,

Figure 1 — 3 Moisture Distress in Flexible Pavements

the subgrade; thus further weakening the subgrade. Weakened subgrade is caused by excessive
water it the subgrade and plays a large role in flékible pavemenhdeterioration. Figure 1-4 shows
a typical cross section of a flexible pavement. Discussions in this manual are based on this cross

section. For graphical purpose, since a flefible pavement can be comprised of several layers,
flexible pavement is shown as ong layerdin symbohform.
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Figure 1 — 4 Typical Flexible Pavement Cross Section

1.3 Moistare Reduction Plan

To reduce water in the pavement section, the following approaches are recommended:
e Maintain effective joint and crack seals

e Provide drainable pavement systems




Previously, it was shown that considerable water will infiltrate the pavement shoulder joint for
PCC pavements. As a pavement ages all joints and cracks, for both PCC flexible pavements, will
tend to open up letting more infiltrated water into the pavement section. All cracks and joints
should be sealed to keep this water out.

Unfortunately, some of the water will infiltrate into the pavement structural system. Pavement
subsurface drainage systems should be provided to remove this water.

1.4  Drainage Elements

New or totally reconstructed pavements are excellent opportunities for consifticting drainable
pavement systems since permeable bases can be provided. Drainable pavement Systems remove
infiltrated surface water which cannot be prevented from entering the,pavement structire.
Drainable pavement systems consist of the following elements:

e Permeable bases

e Separator layer

o Fdgedrain system

These elements are shown in Figure 1-5. Eagh of these elements, must be properly designed so
that there is no weak link in the drainage system.

Permeable
Base

Aggregate
Separator

Layer

Figure 1-5 Drainable Pavement Systems Elements




A permeable base must provide both permeability and stability. Aggregate materials for
permeable bases must be hard, durable, angular material with good aggregate interlock.
Aggregate gradations must be carefully selected to provide both permeability and stability.
Permeable bases can be constructed using both unstabilized and stabilized materials. Both
asphalt and cement stabilized bases have been successfully constructed when the proper amount
of stabilizer and construction practices are used. Proper compaction is essential to seat the
permeable base. ' ‘

The separator layer between the permeable base and subgrade is equally important as the
permeable base. An aggregate separator layer or geotextile must be provided softhat fines fiom
the subgrade are not pumped up into the permeable base. '

Daylighting the permeable base layer is not recommended since the.daylighted layer is
subject to clogging from roadway debris and vegetation (FHWA 1992), [n addition,
daylighted layers may allow silty material or storm water from the diiches tofenter.dhe pavement
structure.

A longitudinal edgedrain collector system with outlet pipes to roadside ditchessshould be
provided to insure positive drainage.




2.0 PERMEABLE BASES

2.1 General

From the start, State highway agencies (SHA's) recognized that permeable base designs must be
a careful balance 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 by removing some of the fines to produce the necessary perfieability. Second,
other SHA's used the highest permeability that could be obtained with Yeadily available
materials. These efforts resulted in two types of permeable bases: unstabilized, and stabilized.

Unstabilized bases consist of aggregate gradations that contain finer sizedl aggregates, Fhese
bases develop their stability by good mechanical interlock of the aggregates. Stabilized
bases are more open-graded and thus much more permeable. Stability is ‘dexeloped by the
cementing action of the stabilizer material at the point of aggregate contaef. Placing
concrete pavement on a permeable base is shown in Photo No. 1/

Phote No. 1 Placing Concrete Pavement on Permeable Base

The combifiation of Base thickness and permeability must be capable of handling the design
flows anll keeping the saturation time to a minimum. Draining 50 percent of the drainable
water in 1-hour is recommended as a criterion for the highest-class highways, while
draining, 50 percent of the drainable water within 2-hours is recommend for most
Interstate highways and roads (FHWA 1992).

The permeable base must provide the following three functions
» Adequate permeability.
« Enough stability to support paving operation.
e Necessary strength for the pavement structural design.
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2.2 Pavement Section

There are a number of choices that make development of the pavement section difficult. These
choices are:
» Material type - (unstabilized or stabilized)
Separator layer type - (aggregate or geotextile)
Edgedrain location
Pre, or post installation of edgedrain
Pavement cross slope - (uniform cross slope or crowned)
Shoulder type - (similar or dissimilar materials)

Material Type - The first and most important choice is the use of stabilizer material.
o Unstabilized - Unstabilized permeable bases do not use any stabilizer material. They aré
more dependent on developing good aggregate interlock for stability,
e Stabilized - Stabilized permeable bases use asphalt or cendént stabilizer mateiial as a
binder to increase the stability of the aggregate mix. It is pointed ot thatstabilization is
not a substitute for good quality (Durability, soundness) aggrégate.

Separator Layer - The separator layer is the silent partner in'{he design'efsiibsurface drainage '
systems. Either an aggregate layer or a geotextile can be used.

e Aggregate - An aggregate separator layer must bédesigned using the filtration equations

to retain the smaller size particles. Thisdayer could'bénineladed in the structural design

of the pavement section.
e Geotextile - The geotextile must hawesa propetlyisized opening to retain the smaller size
particles, yet open enough e prevent any build up ofwater.

Edgedrain Location - Edgedrain locatign\is a contintiifi,controversy among pavement engineers.
This item will be discussed in mese.detail ih the following section.

Edgedrain installation
e Pre - pave Installation
- Edgeflrain is plaged before the main pavement is constructed.
o Postpave Tngtallation
- Edgedrain is placed after the main pavement has been constructed.

This ttem will b, discussed iymore detail in the next section.
e Pre - pave or Post-pave Installation
o | Pavefient Cross Slope
= Uniform - Lanes slope to the same shoulder.
»  Crowned - Lanes slope to opposite shoulders

By using a'¢rowned pavement section, the required time to drain can be cut in half. A minimum
cross slope of 0.02 ft/ft (2 percent) is recommended.

11




Shoulder Type
e Similar
- Concrete pavement with tied concrete shoulder
- Flexible pavement with flexible shoulder
 Dissimilar - Concrete pavement with flexible shoulder

If the shoulder is constructed of the same material as the main pavement, the resulting pavement-
shoulder joint should be much tighter.

The most likely combinations of concrete pavement sections and edgedraim locations are
discussed below.

2.2.1 Portland Cement Concrete (PCC) Pavements

2.2.1.1 Ve_rtical Placement of the Permeable Base

The permeable base should be located immediately below the PQC pavement as previously
shown in Figure 1-2. This will remove infiltrated water from the pavement séetion as quickly as
possible.

2.2.1.2 Lateral and Vertical Placement of Edgedrainsfor PCC Pavement

The lateral and vertical placement of edgedrains, is an impertant and vexing problem for
engineers. Good arguments can be madeifor differenibdesigns. Designs presented in this project
represent the best compromise for the various factors. :

For vertical placement of the edgediain, the top of the edgedrain pipe should be located 50 mm
(2 inches) below the bottomgafithe permeable base so that water can drain out of the permeable
base into the edgedrain pipe.

For PCC pavementsywith asphalt shoulders, the pavement - shoulder joint will open up allowing
a relatively largeé amount Of water 10 enter the pavement section at this point. The edgedrain
should be locdted as close to thigfoint as feasible as shown in Figure 2-1. This will provide a
short, direct path for the water to pass through the permeable base to the edgedrain pipe. Since
the @dgedrain is locatéd next to the edge of the PCC pavement, time to drain will be kept to a
minintum. YAlso since théyedgedrain is located under the paved shoulder, the paving will provide
protection for the pipe from heavy wheel loads.

Figure @-1 shows a widened lane concrete pavement with asphalt concrete shoulders. A uniform
cross'slope is provided to drain the water over to a roadside ditch. As previously stated, the
edgedrain should be located as close to pavement/shoulder joint as feasible. In a pre-pave
installation, the edgedrain is placed at the same time the permeable base is constructed; before
the PCC pavement is placed. A pre-pave installation is shown in Figure 2-2. The edgedrain is
located far enough away from the edge of the concrete pavement so that the paver tracks will run
directly on the permeable base - not over the edgedrain pipe. A geotextile is provided under the
edge of the permeable base and wrapped around the edgedrain trench to prevent fines from
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entering.

In a post-pave installation, the edgedrain is constructed after the concrete pavement has been
placed. A post-pave installation is shown in Figure 2-3. The edgedrain trench is located far
enough away from the pavement slab, so that the slab will not loose support by the permeable
base eroding during the trenching operation. The trench should be backfilled with stable,
permeable material so there will be no loss of permeability. Again, the edgedféin trench is
wrapped with a geotextile to prevent fines from entering.

Parmeable Base

Geotextile

Aggregate Separator Layer Geoteaillle

Pre-Pave Installation

Gieotextile

Optional Post-Fave
Installation

Figure 2 - 1 Edgedrain Léc¢ation for Concrete Pavenient with Asphalt Shoulders

A crowned concrete pavement with tied goncrete shoulders is shown in Figure 2-4, since the
pavement is crowned, edgedrainsgmust be ptevided 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 shouldgrs provide congiderable support to the pavement edge.
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Figure 2 — 2 Pre-pave Edgedrain Installation
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For PCC pavements with tied concrete shoulders, the pavement/shoulder joint should be
relatively tight allowing less water to enter the pavement section at this point. The edgedrain is
moved over closer to the edge of the shoulder so that more of the shoulder can be drained and
will still be protected by the paved shoulder as shown in Figure 2.4.
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“*Concrete Pavements.
1Y -Q.A AA. A &';3 AA.' Y ﬁ';:\ a;, :':":":.“'n, T

°Permeable Base .o AL
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003, hal]

qul‘egate Separator L?Yer‘- 7

Geotextile

.

Edgedrain Pipe

Figure 2 — 3 Post-paveEdgedraiipinstallation

PermeablsBaze

Pre-Pave

k Geotextile Agaregate Separator Layer Geotextile
Installation

Geotextile | B8 EDGEDRAIN LOCATION
e TIED CONCRETE SHOULDERS

Optional

Post-Pave

Instatlation

Figure 2 — 4 Edgedrain Location for Crowned Concrete Pavement
With Tied Concrete Shoulders

For the pré-pave installation, shown in Figure 2-5, the edgedrain should be located under the
shoulder so that it will not be under the paver tracks during the paving operation. If the
edgedrain is located outside of the shoulder, it may not have adequate cover over the
edgedrain pipe, depending on the ditch side slope. Also, the paver track may run directly
over the edgedrain trench. Again, a geotextile is provided under the pavement edge and
wrapped around the edgedrain trench to prevent fines from entering.
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Figure 2—5 Pre-pave Edgedrain Installation for Coneréte Shoulders

The post-pave installation is shown in Figure 2-6 (FHWA 1992), Againpthegircviously stated
guidance of locating the trench so that there isno loss of support 6 the concrete shoulder during
the trenching operation still applies. Also prgvious‘guidlance about geotextile placement and

trench backfill still applies.
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Figure 2-6 Post-pave Edgedrain Installation for Concrete Shoulders.

2.2.2 Asphalt Concrete (flexible) Pavements

2.2.2.1 Vertical Placement of the Permeable Base

The permeable base should be located immediately below the lowest bound layer of the AC
pavement as previously shown in Figure 1-4. This will remove infiltrated water from the
pavement section as quickly as possible and keep any rising ground water from stripping the
bound AC layers.




Any unbound aggregate layers should not be placed on top of the permeable base, since fines and
small sand particles will migrate down into the permeable base.

2.2.2.2 Vertical and Lateral Placement of Edgedrains for Flexible Pavements

The design philosophy for the lateral and vertical placement of edgedrains for flexible pavements
is quite similar to that stated for PCC pavements. Most likely any flexible pagement would have
an asphalt concrete shoulder and asphalt stabilized permeable base as shown i figure 2-7.

For vertical placement of the edgedrain, the top of the edgedrain pipe shoulddgain benlocated at
least 50 mm (2 inches) below the bottom of the permeable base so that watel can drain'ouf of the
permeable base into the edgedrain pipe. Since drainage of the entire pavemeni section is more of
a goal for flexible pavements, the edgedrain should be located as low as possible. This'will be
controlled by the invert of the roadside ditch.

For lateral placement of the edgedrain, the edgedrain should be logéted ag glose to the main
pavement as possible. This arrangement is shown in Figfire 257,This will provide a minimum
time to drain for the permeable base under the main pavement. »By lodating the edgedrain
approximately 30 inches (0.7 meters) from the main pavemént, Some drainage of the shoulder
will occur. Since the edgedrain is locafell undefthe paved shoulder, the paving will provide
protection for the pipe from heavy wheel loadss

If the edgedrain is placed before the flexible pavement, in a pre-pave installation, the edgedrain
should be moved away fromghe flexiBile pavement enough to allow the paver tracks to run on top
of the permeable base; not over fop Of the edgedsain pipe where it might crush the pipe.

If the edgedrain is placed after the wnain flexiblg pavement is placed, 1t is call a post-pave
installation. The edgedraifi ftéiich shouild be located far enough away from the main flexible
pavement, so that the fléxible pavement fob loose support by the permeable base eroding during
the trenching operation. The trench@hould be backfilled with stable, permeable material so that
there will be no le€sof petmeability.

Aggregate Permeabie e
Layer

Figure 2-7 Edgedrain Location for Flexible Pavement with Asphalt Shoulders




2.3 Counstruction Traffic

Construction traffic (concrete delivery trucks) on the completed permeable base course is
the single most important parameter in the selection of the type of permeable base to be
used. Coordination of construction operations is very important.

2.3.1 PCC Pavements

Since the FHWA recommends the use of load transfer devices (dowel bars), their uséshould be
factored into the design. If dowel baskets are provided, there can be no constpi€lion fraffic on
the completed permeable base; however, if construction traffic is allowed On the completed
permeable base, dowel bars should be placed using a dowel bar implanter. During the design
stage of a project, a decision should be made concerning allowing construction, traffic on tie
permeable base and method of dowel bar placement.

Unstabilized permeable bases can tolerate some construction traffi¢ on thefbase,df the coefficient
of uniformity is greater than 4. If a large amount of consfauction txdffic is required, the base
should be stabilized with asphalt or cement.

Currently, the New Jersey Department of Triisportation recommiénds that no construction traffic
be allowed on unstabilized permeable bases. If,a Portlan@heement concrete pavement is to be
placed on top of the permeable base, all concrete delivery trucks should deliver the concrete to
the paver in a side delivery operation. The width of the concrete paver should be such that the
paver completely spans the permeable bése with the paver tracks running on the dense graded
aggregate base. Side delivery of'@ohicrete for the pavement i$shown in Photo No. 2.

Photo No. 2 Side Delivery of Concrete for the Pavement
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2.3.2 Flexible Pavements

If an asphalt concrete pavement is placed on top of the permeable base, only the construction
traffic necessary to place the pavement should be allowed on the permeable base.

2.4 Base Material

The aggregate material must have good mechanical interlock; this will réquire a crushed
material. Both unstabilized and stabilized permeable base material should \consist of
durable, crushed, angular aggregate with essentially no fines (minus No. 200 sicve material).
The crushed aggregate should have at least two mechanically fractured faces, as determined by
the material retained on the No. 4 sieve. Many States require a 90 to 100 percent crushed
material with a maximum L. A. Abrasion Wear of 40 to 45 percent.

Durability

The FHWA recommends that only crushed stone be used in pepnieable bases. The belief is
that crushed gravel does not provide enough stability during the sonstmu€fion phase. The
aggregate for the permeable base should at least meet the requirementsidora Class B Aggregate
in accordance with AASHTO M 283-83) CoarSepAggregate for Highway and Airport
Construction. This means that the L. A. Abrasion“Wear _should not exceed 45 percent as
determined by AASHTO T 96-94, Resistance t0 Abrasion of Sinall Size Coarse Aggregate by
Use of the Los Angeles Machine.

Since the permeable base is subjéet t {reeze-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{ora Class B Aggregate as specified in AASHTO
M 283-83. This specificatibn réquires that the soundness percent loss not exceed 12 or 18
percent as determined By the sodium sulfte or magnesium sulfate tests, respectfully. The
tests should be in accordance with AASHTO T 104-97, Soundness of Aggregate by the Use
of Sodium Sulfate®r, Maghesium Sulfate.

Plasticity

Plasticitypis the ability Of a soil or aggregate to undergo unrecoverable deformation at constant
volime witholiberacking oF crumbling. Plasticity is an indicator of the amount of clay in a soil
and the strefigth of the,soil. The New Jersey Department of Transportation requires that the
aggregatel material be classified as nom-plastic in accordance with AASHTO T 90-96,
Determining the Plastic Limit and Plasticity Index of Soils. This requirement applies to both
unstabilized and stabilized permeable bases.
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Effective Diameter and Coefficient of Uniformity

An examination of the distribution of the particle sizes provides an insight into the
stability/permeability interaction of the gradation of an aggregate or soil. The effective diameter
(Dyo) and the coefficient of uniformity (Cy) are two terms developed from the particle
distribution that help define this relationship.

The effective diameter (Do) is the particle size at which 10 percent of the material is finés, The
larger the effective diameter, the greater the permeability of the material will be.

The coefficient of uniformity (Cy) is the ratio of Dgy/Dio (Cu = Dgp / Dyp). This parameter
represents the spread of the gradation between the 60 and 10 percent passing valaes. Open
graded material will have a low range (2 - 6), while dense graded matefial ' wilbhave a fangé of
20 to 50. A value of 4 is the accepted threshold for unstable gradations. Im the Unified Soil
Classification System, larger size granular materials with a Cy greater thad 4 are ¢lassified as
well graded. If the coefficient of uniformity is less than 4, problms may®ccur with compaction
of the permeable base. If the coefficient of uniformity is greatér than 4ythe périmeable base
should be able to withstand a moderate amount of construction traffic.

If the percent passing the No. 200 sieve is greater 12 pereént, the Cy should not be used
since it is outside of its intended range.

Recommended gradations of thedpermealile hase material, vary depending on whether the
material is stabilized or unstabilizedy, Sinice the 1i-place ceefficient of permeability can vary
significantly from the design coefficignt of permeability, a minimum design coefficient of
permeability of 1000 feet/day is recommended (FHWA'1992).
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2.5 Unstabilized Permeable Base (PCC Pavements)

The SHA's that use unstabilized permeable bases have developed gradations that represent a
careful trade-off of constructability/stability and permeability. Unstabilized materials contain
more smaller size aggregate to provide stability through 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,

Unstabilized materials generally have a coefficient of permeability on the order of 1800 to 3000
feet per day.

For example, 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.

2.5.1 Unstabilized Permeable Base Gradations

Below is the New Jersey Department of Transportation gradation; Table 2-14 for unstabilized
material, which provides satisfactory permeability (greater than 10004€et per day) and good
stability to carry construction equipmentd This grddation is plotted on a gradation chart in
Figure 2-8.

Table 2-1. New Jersey unstabilized permeable base gradation

Sieve Size Al?erna.te Percent Passing
(mm) Designation
37.5 1-1/2% 100
2500 " 95-100
25 vn 60 — 80
N A& No. 4 4055
N 2.36 No. 8 5-25
I RT: No. 16 0-8
0300 No. 50 0-5

The Néw Jersey Department of Transportation requires that the permeable base material be
classificd as non-plastic in accordance with AASHTO T 90-96, Determining the Plastic Limit

and Plasticity Index of Soils.
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Table 2-2 provides gradations of unstabilized permeable basésbeingused by SHA's.

Table 2-2 Unstabilized permeahle base gradation

Sieve Alternate Towa Minnesota New Wisconsin Wisconsin
Size Designation Jersey OGBCNo.1 | OGBC No. 2
50.0 2"

375 1-1/2" 100

25.0 1" 100 100 95-100 160 100
19.0 3/4" 65 - 100 90 - 100

12.5 " 60 - 80

95 3/81 35-70 20-55 45 -65
475 N4 20 - 45 40 - 55 0-10 15-45
2.36 No. 8 10 - 35 5-25 0--5

2.0 No. 10 8-25 ‘ 0-20

1 18 No. 16 0-8
0.425 No. 40 2-10 0-10
0:300 No, 50 0-15 0-5-

079 No. 200 0-6 0-3 0-5

-Note: Wisconsin - gradation is the same as AASHTO No. 67

2.5.2 Placing Unstabilized Permeable Base Material

Unstabilized aggregate will be dumped directly on to the aggregate separator layer. Since this
layer is a dense graded base, there should be no rutting or displacement of the aggregate
separator layer. A tracked asphalt paver should be used to spread the aggregate material, since
rubber tire paver may cause rutting of aggregate separator layer,
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To ensure good construction, a string line should be used to control the line and grade. A string
line arrangement is shown in Photo No. 3.

Photo No. 3 String Control for ling and Grade

2.5.3 Compaction of Unstabilized Perméable Bases

Compaction of permeable bases has also beeihrecognized 88 4 concern. The conventional
approach of requiring a fixed percentage of a maximum density 15 not applicable.

For permeable bases, maximum /ensity is mot achievable since undue crushing of the
aggregates will occur destroying the permecability of the base course. The purpose of
compacting a permeable base 1s to seabithe aggregate.

For unstabilized permeébie bases, most SHA's specify one to three passes of a4.5to 9
metric ton (5 to 10 ton) steel-wheeledl roller. Vibratory rollers should be used with care. Over
rolling can cause degradation, over dehsification of the material and a subsequent loss of
permeability.

An adequate dengity level should be determined by trial compaction of a control strip.
Compaction should ¢ontinue until no appreciable increase in density occurs without crushing the
aggregate, "Fhis density level then becomes a standard benchmark level. Compaction of the
perineable base roddway must then meet this standard.

A completed unstabilized permeable base is shown in Photo No. 4.
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Photo No 4. Completed Unstabilized Permeable Base

Quality control for compaction can be achieved by using theé\ New Jersey Department of
Transportation approach as outlined below.

2.5.4 New Jersey Department of Transportation®s Approach

Control Strips

One or more control strips shall be‘¢onstructed at'{hie, beginning of work for the purpose of
determining the project’s compaction ‘reguirements.© An additional control strip shall be
constructed when a change igfmade in the fype or source of aggregate material, whenever a
change occurs in the compgsition of the material from the same source or as directed. Each
control sirip shall consist |0f an arca of \at least 335 m” (400 square yards) and shall be
constructed of the sani€ material as that speeified for the construction of the project.

The control strip shall be compacted by a minimum of two passes of the compaction equipment.
Comgfiaction shall continihe until no appreciable increase in density is obtained by additional
passes, without, crushing ‘the, aggregate. Density of the control strip shall be determined in
accordance with the,current provisions of AASHTO T 238-97, Density of Soil and Soil-
Aggregate In-Place by Nuielear Methods (Shallow Depths), Method A.

Upon completion of compaction, a minimum of ten (10) tests will be made at random locations
to determine, the average in-place density of the control strip. The average value shall be
Average Relerence Maximum Density for the permeable base material from the same source
used elsewhere on the project.
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Compaction Acceptance

For purposes of monitoring conformance to the compaction requirements, the non-stabilized,
permeable base constructed on the project shall be divided into lots consisting of approximately
4,200 m® (5,000 sq. yd.) or less of area.

The engineer shall determine the average lot density of five (5) randomly selected locations in
the lot. Densities shall be determined in accordance with the current provisiongef AASHTO T
238-97, Density of Soil and Soil-Aggregate In-Place by Nuclear Methods (Shallew Depths),
Method A. This average lot density shall not be less than 95% of the A#erage Reference
Maximum Density in the control strip. If a lot fails to meet requirement, it Shall be recompacted
by the contractor at his expense and shall be resubmitted for acceptance.. The engine¢r shall
determine the new average lot density. If this density still fails to meet 98%, of the Average
Reference Maximum Density, each SHA should determine the colitse 0f action. A pénalty or
reconstruction of the permeable base may be required.

2.5.5 Guide Specifications for Construction of Unstabilized Pernieable Bases

Guide speciﬁcations for the construction of unstabilized permeable bases are provided in
Appendix A.
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2.6 Stabilized Permeable Base

Stabilized permeable bases utilize open-graded aggregate that has been stabilized with asphalt
cement or Portland cement. Stabilizing the permeable base provides a stable working platform
without appreciably affecting the permeability of the material. A primary purpose of the
stabilizer is to provide structural strength to the permeable base layer. This increased
strength should prevent premature cracking in PCC pavements. Also, the stabilizér holds the
aggregate particles in place preventing long-term consolidation of the permeable base, Fhis will
allow the permeable base to maintain its permeability.

The secondary purpose of the stabilizer is to provide stability of the permeable base during
- the construction phase.

Due to the small amount of stabilizing material used and the nature 6 the open-graded material
(large amount of voids), it is likely that cement treated permeable material a#ill bedusceptible to
freeze-thaw action and asphalt treated permeable materials will be subjeét to stripping. It is for
this reason we recommend hard, durable, angular, crushed ‘@ggregates be used for stabilized
bases.

2.6.1 Stabilized Permeable Base Gradations

Several SHA's use the AASHTO No. 57 gradation f0x their stabilized permeable bases. The
gradation is provided in Table 2-3,

Some SHA's provide an additional tequitement liniting the ‘amount of material passing the No.
200 sieve to 0-2 percent. The purpose of this requirement is to limit the amount of fines.

By limiting the amount of méterial passing the No.8 or 16 screen, the effective diameter (Do) of
the material will be large ensuring high p@rmeability. The coefficient of permeability should be
greater than 3,000 feetgoer day

Table 223 AASHTO No. 57 gradation

Sieve Size Alternate Percent
(mm) Designation Passing
37.5 1-1/2" 100
25.0 I 95 - 100
12.5 1" 25-60
4.75 No. 4 0-10
2.36 - No. 8 0-5
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The AASHTO No. 67 gradation is now being used by several SHA's for their permeable bases.
The gradation is provided in Table 2-4 and plotted on a gradation chart in Figure 2-9

FHWA recommends that the contractor be provided with an option to select the type of

Table 2-4 AASHTO No. 67 Gradation

Sieve Size Al?erna‘te Percent Passing
(mm) Designation
25.0 " 100
19.0 3/4" 90 - 100
9.5 3/8" 20-55
4.75 No. 4 0-10
2.36 No.8 0-5

stabilizing material when stabilization is required.

Percent Passing
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Note that the slope of the plot is steeper than the New Jersey gradation and that the effective
diameter\(D1o) plots farther to the right. Both of these observations indicate that the gradation

Figure 2-9 Plot of AASHTO No. 67 Gradation.

should hiave more permeability and less stability.
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2.6.2 Asphalt Stabilized Permeable Bases

2.6.2.1 Asphalt Material

The stabilization material predominately used is asphalt cement. As previously stated there are
two purposes in applying stabilization. The first is to increase the strength of the pavement
section so that good pavement performance will be achieved. The second purpose is to provide
strength to the aggregate mix so that the permeable base material will have endligh strength to
get through the construction phase.

In the past a stiffer grade of asphalt, AC 40 or AR 8000, was suggested (Dend087, Patlisipant
Notebook). Since then, a new asphalt grading system, AASHTO MP1-98, “Performance
Graded,” has been developed for the Superpave design procedure. This syst€m requires oL
detailed analysis by the pavement engineer before a grade of asphalt can be specified, In theiew
system, the required grade of the asphalt is given in the following forfiat:

PG XX -YY

Where:
PG = Performance Graded
XX = 7 day Average Maximum Temperaturo (+ 0 £)
YY = 7 day Average Minimum Temperafite (- )

The first number (XX) is the 7 day AveragesdMaximuri pavement temperature (plus XX" C) fora
selected project geographical 1deation. £This Value représeénts the hot weather temperature that
the pavement must resist. This appreach protects the paveient against permanent deformation
(rutting). The second number (YY) 18 the 7 day Awerage Minimum pavement temperature
(minus YY" C). This temperature attenipts to protect the pavement against low temperature
cracking.

These temperatures are, weather station {emperature values determined by Superpave Data Bind
software or are available in SHERP Report 648A, “Weather Database for the Superpave Mix
Design System.”

Fof example, say a PG 88 — 22 asphalt grade has been specified. This means that the hot
weather temperature is 58° €3(136° F) while the cold weather temperature is — 22° C (-7° F).

FHWA recofiimends that the asphalt grade be determined by a pavement engineer using
Superpavefsoftiware. FHWA also suggests the following asphalt grades for a major portion of
the United States:

PG 76-22 or PG 76-16

Since the asphalt stabilized permeable base will be covered by the pavement, it should not be

subjected to a colder environment. Perhaps a lower (warmer) cold weather temperature
(<YY" C) could be specified.
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Asphalt Content

FHWA recommends an asphalt content of 3 percent by weight. This amount of asphalt is
necessary to give the mix the necessary strength.

Anti-Stripping Agent

Stripping of the permeable base aggregate has been identified as a serious problem. Fhe use of a
heat-stable anti-stripping agent is strongly recommended to keep stripping to a minimiui

Pre Heated Aggregates

The California Department of Transportation (CALTRANS) recommends, that'when the &tiffer
asphalt cement (AR 8000) is used the aggregate should be heated td between 135 to 165 degrees
C. (275 - 325 degrees F.) to prepare the aggregate so that the aggrégates gnd asphalt cement are
blended into a homogenous mix. ‘

2.6.2.2 Asphalt Stabilized Permeable Base Gradations for PCC Payements

Table 2-5 provides asphalt stabilized permeable base gradations being used by SHA's (FHWA
1992).

Table 2-5 Asphalt stabilized perimeable base gradations

Sie(\r;]er:)lze Déggll;]:t‘it;n California Cz:‘);lti];a Wisconsin | Wyoming
37.5 1-1/2¢ 100 100
25.0 " 100 95-100 100 95100
19.0 3/4" 90 - 100 ’ 90 — 100
12.5 7" 35-65 25-60 25-60
9.5 3/8" 20-45 20-55
4.75 No. 4 0-10 0-10 0-10 0-10
2.36 No)s 0-5 0-5 0-5 0-5
0.075 No. 200 0-2 0-3

Note: ‘California - 2-1/2% asphalt content, AR-8000 grade

Notth Carolina - AASHTO No. 57 gradation plus 0-3 % passing No. 200 sieve
Wiseonsin - AASHTO No. 67 gradation, > 1-1/2 % asphalt content

Wyoming - AASHTO No. 57 gradation, 2-1/2 % asphalt content, AC 20
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2.6.2.3 Asphalt Stabilized Permeable Base Gradations for Flexible Pavements
Most likely the only type of permeable bases used with a flexible pavement would be an asphalt
stabilized base. In flexible pavement, stability (strength) is much more of a consideration. A

New Jersey gradation used in flexible pavement is given in Table 2-6 and plotted in Figure 2-10.

Table 2-6 New Jersey Bituminous Stabilized Open Graded (BSOG) Gradation

Sieve Size Alternate Percent Passin
(mm) Designation g
25.0 1" 100
19.0 3/4" 95 -100
12,5 " 85 4100
9.5 3/8" 60 — 90
4.75 No. 4 1525
2.36 No. 8 2-1
0.075 No»200 0-5
WL ML A |
P
90 1T New Jersey BSCG T
80 Dy, = 3.6 mm A
g’ 70 Cy = 275 / /
2] } .
@ 60
[+
£ 50
®
£ 40
@
& 30
20 - D1D ,‘/{
10 M - P
NoZOD 50 30 .16 8 i i 12in Sk 1l 1WA FiBi
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Figure 2-10 Plot of New Jersey Bituminous Stabilized Open Graded Gradation
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It is interesting to compare the New Jersey BSOG with the New Jersey Non-stabilized and the
AASHTO No. 67. A comparison of the effective diameter (Do) and Coefficient of Uniformity
(Cu) for these gradations is given in Table 2-7.

For comparison purposes, these three gradations are plotted in Figure 2-11. From this figure, it
can be seen that the New Jersey BSOG gradation falls between the other gradations. From

Table 2-7 and Figure 2-11, it is anticipated that the New Jersey BSOG gradation would have a
permeability greater than the New Jersey Non-stabilized, but less than the AASHTO No. 67. It
is also anticipated that the New Jersey BSOG would have more stability than“the, New Jersey
Non-stabilized since it is asphalt stabilized. Also it is likely that the New Jersey BSOG would
have more stability than an asphalt stabilized AASHTO No. 67 since the gr@idation falls, to the
left of the AASHTO No. 67 and has a Coefficient of Uniformity that is slightly greatér than
AASHTO No. 67.

Table 2-7 Comparison of Gradations

. Effective Diameter Caefficient of
Gradation . .
(D10) Unitormity/ (Cy)
New Jersey
o 1.90 mm 4.68
Non-stabilized
New Jersey BSOG 2.99 mm 2.75
AASHTO No. 67 ' 5.77 mm 2.14
100 - S—
& -"'"'-_“
90 ’
80 MJBSOG / fy”; 17
70 / f/,_a" .5,
AN > y.d
50
k= ., - E
g 40 NJ Unstahilized '," ’J ,/ i’ AASHTQ No-. 67
% 30 P /l / ,/ r4
20 L AL /
10 - ;/(’! -
(et T o
0 - L.g'?" ""
Ne.200 50 30 18 8 4 38in. 112in. 34 in. 1in. 1-14in. 14421in.
No.BG 40 20 10 8 14 in.
Sieve Sizes

Figure 2-11 Comparison of Gradations
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2.6.2.4 Placing Asphalt Stabilized Permeable Base Material

Guidance for placing the asphalt stabilized permeable base is essentially the same as that given
for unstabilized aggregate permeable base. Again a tracked asphalt paver should be used to
spread the asphalt stabilized mix, since a rubber tire paver may cause rutting of aggregate
separator layer.

2.6.2.5 Compaction of Asphalt Stabilized Permeable Bases

For asphalt stabilized permeable bases, most SHA's specify one to three passessof 2 4.5 to 9
metric ton (5 to 10 ton) steel-wheeled roller. Vibratory rollers may be used i the static tode
to compact asphalt stabilized permeable bases, Over rolling can cause degradation of the
material, over densification, and a subsequent loss of permeability.

Photo Ng. 5 Rolling Asphaklt Stabilized permeable bases.

CALTRANS requireé that asphalt stabilized permeable bases be spread at a temperature between
93-120 degrees C{200-250 degrées,Fd) as measured in the hopper of the paving machine. One
recommended alterniatéfor compaction is one complete coverage of the base course with a steel-
whefld, 2-axle tandern tbller weighing between 8 and 12 tons. Compaction should begin when
the t@mperatiite,of the permeable base has cooled to 65 degrees C. (150 degrees F.) and should
be completed betorethe temperature falls below 38 degrees C. (100 degrees F.).

The New lérsey Department of Transportation uses the same approach to compaction of asphalt
stabilized permeable bases as the one described in the unstabilized section. Vibratory rollers

may be used in the static mode.

Construction traffic should not be allowed on the completed base during the next 24 hours.
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Photo No. 6 Completed Asphalt Stabilized Pexineable Base.

The completed asphalt stabilized permeable base is showngh PhatoyNo. 6. Note the void space
in the material. It is this network of voids that provides permeability ioythe mi%.

2.6.2.6 Guide Specifications for Construétion of Asphalt Stabilized Bases

Guide specifications for the construction “0f) asphalt “stabilized permeable bases are
provided in Appendix B.
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2.6.3 Cement Stabilized Permeable Bases for PCC Pavements

2.6.3.1 Cement Material

Portland cement has also been used as a stabilization material. An application rate of 112 to
167 kg/m’ (2 to 3 bags per cubic yard) is recommended. Cement should be Type I, Type 1-p
or Type II conforming to the appropriate sections of the SHA’s standard specifications or ASTM
C 150-97, Portland Cement.

This base material has considerable initial strength; however, the high strengtii may not be
permanent due to possible leaching of the cement or breakdown of the concrgle due to freeze-
thaw action.

Photo No. 7 €ement Stabilized Permeable Base Test Cylinder

Photo No. 7 shows a cemént stabilized pérmeable base test cylinder. This photo demonstrates
two important featur€s of cement stabilizéd materials. The honey-comb nature of the mixture
provides a networl, of voids that provide the mixture with its permeability Second, the strength
of the material is démonstrated by the fact that the material is free standmg after removing the
outgihshell of the test cylinder.
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2.6.3.2 Cement Stabilized Permeable Base Gradations

Table 2-8 provides cement stabilized permeable base gradations being used by SHA's.

Table 2-8 Cement stabilized permeable base gradations

SieveSize | Alternate | o in | Virginia | Wisconsin
(mm) Designation
37.5 1-1/2" 100
25.0 1" 88 — 100 100 100
19.0 3/4" x+15 90 - 100
12.5 5" 25-60
95 3/8" x+15 20-55
4,75 No. 4 0-16 0-/10 0.-10
2.36 No. 8 0-6 05 0-5

Note: California - 282 Ibs, water/cement ratio approximately th37,
"X" percentage submitted by the Cduliractor;
Virginia - Slightly Modified AASHTO No. 57 Gradation, 225 Ibs of cement
Wisconsin - AASHTO No. 67 Gradation, 200 Ibs of cement

2.6.3.3 Placing Cement Stabilized Pexriieable Base Material

The cement stabilized mixture will B¢ quite harsh @nd stiff; therefore a concrete paver should be
used to spread the mix.

2.6.3.4 Consolidation
For compacting e€ihent stabilized peérmeable bases, a number of SHA's have had good

success in using' only vibrating se¢reeds and plates. Again, the purpose of the stabilizer
material is to setup the permeable base for the concrete paving operation.
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Photo No. 8. Compacting Cement Stabilized Permeable Bage Material

Placing cement stabilized permeable material is shown in Photo No. 8. “Vibratifig Screeds behind
the paver provides adequate consolidation of the permeable base material.

Quality control for consolidation can be achieved By using the Virginia Dept. of Transportation
approach as outlined below.

2.6.3.5 Virginia Dept. of Transportatioh Approach

Approved concrete pavers with vibrating screeds or plate vibrators should be used to place and
consolidate the cement stabilizedpmaterial, Screed or plate vibrators should be used to
consolidate the material to a gonsistent finish aéross the width of the course. The material should
not be compacted to the poift that it is notffree draining or that the aggregate is crushed.

Control Strips

One or more contrélstrips should b&@@nstructed at the beginning of work for the purpose of
determining the projéel’s compaction requirements. An additional control strip should be
conélructed when a change is made in the type or source of aggregate material, whenever a
changé occus ifnthe composition of the material from the same source or as directed.

Each control sfrip should consist of an area of at least 335 m® (400 square yards) and should be
constructed’ of the same material and thickness as that specified for the construction of the
project.

Upon complétion of the control section, a minimum of four (4) test for minimum cement content

should be taken. The mean result of four (4) tests shall be within +17.80 kg/m® (30 Ibs. per yd®)
of the minimum cement content.
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Consolidation Acceptance

Acceptance of aggregate coating in cement stabilized permeable base material will be based on
the mean results of tests for the minimum cement content performed on samples taken in a
stratified random manner from each lot. The rate of sampling will be four (4) per lot. A lot
measurement is defined as 2,000 metric tons of material.

A lot will be considered to be acceptable if the mean result of four (4) tests i&within + 17.80
kg/m® (30 Ibs. per yd®) of the minimum cement content. If an individual test resulflindicates that
the cement content of the material is deficient by more than 21 kg/m® (35 Ibsgfiét yd*), from the
design cement content, that portion of the material represented by the sample will be considered
a separate part of the lot and may be removed from the roadway at the discrétion of the Enginheer.

If the value of the test falls below the minimum cement content @ payiient adjustmerit will be
applied to the contract unit price.

2.6.3.6 Curing

Curing is an important aspect of constructing cement stabilized basesiOne method is to cover
the permeable base with polyethylene shé@ting for@to 5 days. \Another method is to apply a fine
water mist cure to the cement stabilized basesseveral'iifies on the day after the base is placed.
The Oklahoma Department of Transportation fégommends that 8 fine mist spray be applied to
the cement stabilized base every 2 hours for a period of 8 hours starting the next day after
placing the base. The surfaceiof the gémentistabilizéd permeable base is sprayed with an asphalt
emulsion. This serves as a magker to identify the thickness of the concrete pavement when cores
are taken.

Curing can also be accomglished by the use of curing compounds. VDOT recommends a white
pigmented wax base cofierete curing compound meeting the requirements of ASTM C-309-94,
Liquid Membrane-Forming Compound for Curing Concrete applied at a rate of one liter per
3.68 sq. meters (Mgal per 16.5 yd?).

A SHA may want to construct atest strip of the base course to determine which curing method to
gmploy, as well aswhich method of compaction should be used.

2.6:3.7 Guide Specifications for Construction of Cement Stabilized Permeable Bases

Guide specifications for the construction of cement stabilized permeable bases are provided
in Appendix C.
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2.7 Control Strip

The FHWA recommends that a control strip be constructed at the beginning of
construction so the combination of aggregate materials and construction practices be
tested, and if necessary, adjusted to produce a stable permeable base. The test section
should be constructed using the same aggregate materials and compaction practices that will be
used on the project. A minimum length of 152 m (500 ft) is recommended for the test section.
The test section should become part of the finished roadway.

2.8 Base Thickness

A minimum thickness of 100 mm (4 inches) is suggested for the perme
thickness should be adequate to overcome any construction variances and pro
hydraulic conduit to transmit the water to the edgedrain.

'\
R\
>
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3.0 SEPARATOR LAYER

3.1 General

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 mat@uial is not subject
to saturation or high pressures for an extended period of time. An asphalt prime eoat placed on
the stabilized subbase/subgrade would provide additional protection. A separator layer can be
provided by an aggregate separator layer or geotextile. FHWA recomménds ihe bse of an
aggregate separator layer due to its ability to spread vertical loads over/ @ wide arca of the
subgrade. :

Use of geotextiles as a separator layer is covered in detail inghe " NHE CoursepNeal 13213,
“Geosynthetic Design and Construction Guidelines,” (Partigipant Notebook, FHWA HI-95-
038 (Revised 1998)), and will not be covered in this text.

It is pointed out that a separator layer is not a substitut¢ for a strong sub@rade.

3.2 Design Procedures

The aggregate separator layer must perform several very inipartant functions:

« First, the aggregate separatorgdayer must be strong enough to provide a stable working
platform for constructing thé permeable, base. “The aggregate separator layer should not
experience any rutting of movement duting the paving operation. Since most SHA's use
a DGAB for the aggregate Separator layer, this material should be strong enough to
support the pavingd@perdtion.

e Second, the gradation of th€ \aggrcgate separator layer must be carefully selected to
prevent fiigs ftom pumping Up from the subgrade into the permeable base. Basic
aggregate filtration equationé are used to size the gradation of the aggregate separator to
prevent contamination of the permeable base.

o Third, the aggregate separator layer should have a low permeability; the layer should act
as dshield to deflect infiltrated water over to the edgedrain.

The dynéntic effects’of wheel loads must also be considered.

The'aggregate separator layer is designed based on the principle that spherical particle will be
retained\until the diameter of the retaining spheres is 6.46 times greater than the sphere to be
retained. This relationship is shown in Figure 3-1 (FHWA 1992). By limiting the D5 size of the
aggregate separator layer to less than 5 times the Dss size of the subgrade, the larger soil
particles of the subgrade will be retained allowing the soil bridging action to start. Both the
aggregate separator layer/subgrade and the permeable base/aggregate separator layer interface
must be investigated.
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D = 6.46 DS

Figure 3-1 Retention of Spheres Relationship

3.3 Aggregate Separator Laver Gradation

Most SHA’s like to use a basic, dense graded aggregate base as an aggrépate s¢parator layer.

Below is a gradation in Table 3-1 used by the New Jersey Dept€0f Transportation:

Table 3-1 New Jersey dense graded aggregate hase gradation

Sieve Designation Alternative .
. : Percent Passing

(mm) Designation

37.5 b0 100

19.0 3/4% 55-90
4.75 No. 4 25 - 60
0.300 No. 50 5-25
0.075 No, 200 3-12

This gradation is plotted in Figure 3-2 and the resulting effective diameter {Djo) and Coefficient

of Uniformity (Cy) are 8124 mumand 46.77 [ réspectively.

Péicent Passing

100 -

PRl T 7T
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Figure 3-2 Plot of New Jersey DGAB
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3.4 Materials

The aggregate separator layer should consist of durable, crushed, angular aggregate material.
Aggregate material should have good mechanical interlock. The aggregate for the separator
layer should at least meet the requirements for a Class C Aggregate in accordance with
AASHTO M 283-83 Coarse Aggregate for Hishway & Airport Construction. This means
that the L.A. Abrasion Wear should not exceed 50 percent as determined by @ASHTO T 96-87.
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 specificationgequires that the
soundness percent loss should not exceed 12 or 18 percent as determined by the sodiym, sulfate
or magnesium sulfate tests, respectfully, in AASHTO T 104-86.

The New Jersey Department of Transportation requires that the matesial be elassified 48 non-
plastic in accordance with AASHTO T 90-96, Determining th€ Plastic himit-and Plasticity
Index of Soils.

3.5 Compaction

The maximum density of the aggregate separator, material should be determined in a laboratory
by AASHTO T 99-97, Moisture Density Relationship Using a 5-1b (2.5 kg} Hammer and an
12-in (305 mm) Drop, Method D, or AASHTO T 18097 Moisture Density Relationship
Using a 10-]b (4.54 kg) Hammer and an 18-in (457 mm) Drop, Method D.

Compaction of the aggregaf@iseparator fayefshall continue until the material complies with the
compaction acceptance criteria listed below. The in-place density of the aggregate separator
layer shall be determined in accotdance with AASHTO T 191-93, Density of Soil in Place by
the Sand Cone Method, AASHTO. T 205-80,° Density of Soil In-Place by the Rubber
Balloon Method, or AASEHTO T 238-97, Density of Soil and Seil-Aggregate In-Place by
Nuclear Methods (Shaliow Depths), Méthod B and except that only one method will be used
through out the project. Moisture gontent is determined by AASHTO T 239-97, Moisture
Content of Soilénd SailbAgeregate In-Place by Nuclear Methods (Shallow Depth)

Water shall be applied uniforiily over the materials during compaction in the amount necessary
te,obtain the requiréd density.

3.5.1 ControbStrips

One o miore control strips should be constructed at the beginning of work for the purpose of
deternmiining the project’s compaction requirements. An additional control strip should be
consiricted when a change is made in the type or source of aggregate material, whenever a
change becurs in the composition of the material from the same source or as directed. Each
control strip should consist of an area of at least 335 m® (400 square yards) and shall be
constructed of the same material as that specified for the construction of the project. The control
strip should be compacted by a minimum of two passes of the compaction equipment.
Compaction should continue until, no appreciable increase in density is obtained by additional
passes.
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Upon completion of compaction, a minimum of ten (10} tests will be made at random locations
to determine the average in-place density of the control strip. In-place density of the control strip
should be determined in accordance with the current provisions of one of the AASHTO tests
listed above (AASHTO T 191-93, T 205-86, or T 238-97). If the average density of the material
in the control strip is equal to or greater than 95 percent of the aggregate materials maximum
density, then the value of the average shall be the Average Reference Maximund Bensity for the
aggregate separator layer. If the control strip does not meet this density, the ‘eompaction
equipment and or its method of use shall be rejected.

3.5.2 Compaction Acceptance

For purposes of monitoring conformance to the compaction requirements, the aggregate
separator layer constructed on the project shall be divided into lots£onsisting.of appiomiinatcly
4,200 m” (5,000 sq. yd.) or less of area.

The engineer shall determine the average lot density of fivg (5) randémily selegted locations in
the lot. This average lot density shall not be less than'95% of the A#erage Reference
Maximum Density in the control strip taken in accordance with the current provisions of one of
the AASHTO tests listed above (AASHTO1»191-93,75,205-86, or T 238-97). If a lot fails to
meet requirement, it shall be re-compacted by the confrdeter at his expense and shall be
resubmitted for acceptance.

3.6 Laver Thickness

A minimum thickness of 100 mm (4 inches) is re¢ommended for the aggregate separator layer
based on construction considerations.

3.7 Construction Considérations

The aggregate sepafator layer is equally important as the permeable base and subgrade in
developing a strong pavement Sectiond Again, quality of aggregates and proper compaction are
the keys to a strong \separator layer, This layer is necessary to provide a stable platform for
plaging the permeable Base and concrete pavement.

3.8 Guide Specifications 100 Construction of Dense Graded Aggregate Bases

Guide spedifications for the construction of an aggregate separator layer are provided in
Appendix D.
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4.0 LONGITUDINAL EDGEDRAINS

4.1 General

Longitudinal edgedrains are a key element in drainable pavement systems. It is imperative that
the edgedrain has the necessary hydraulic capacity to handle the water being disghlarged from the
permeable base. Each element of the drainage system should increase in capacity, ds the water,
moves towards the outlet so that there are no weak links in the system. Since a permeable base is
used, all runoff that enters the pavement section should drain quickly to the edgedain.

There are three basic types of edgedrains:
¢ Aggregate trench
o Conventional pipe
s Geocomposite fin drains

Aggregate trench edgedrains are not recommended for the folléwing re@sons:
o Low hydraulic capacity
« Inability to be cleaned

Aggregate trench edgedrains will not be covered.n this manual,

Generally, geocomposite fin drains are not recomended for use with permeable bases due
to their low hydraulic capagity and(the inability fohbe maintained; unless the specific
geocomposite has the necessaryyhydraulic ‘capacity and can be cleaned and inspected.
Geocomposite fin drains may be uged in some refrefit cases where the anticipated flow rate
is low.

The trench backfill and eflgedrain pipe_must have the necessary capacity to handle the design
flows. Erosion of fines should not be 4 problem since the base should contain very little erodible
fine material. Thediench backfill material should be stable with the same permeability as the
permeable base gourse to insube capdeity. The geotextile used to wrap the edgedrain trench
should not extendup into the pernieable base to form a barrier.

Underdrains
Engineers ugé the teniisy ‘edgedrain” and “underdrain” interchangeably. Definitions can vary

from ‘engifieer to engineer. For the purposes of manual, the definition of “underdrain” is any
subsurface drainage pipe that is not a longitudinal edgedrain or an outlet pipe.
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Problem Slopes

There are several special locations where the slope under the pavement may be quite flat:

e Sag vertical curve

o Horizontal curve transitions

o Level roadway
At the bottom of sag vertical curves, the longitudinal slope will be equal to zeto (S = 0.0%).
This means that the drainage will be dependent on the cross slope of the roadway. For horizontal
curves, as the cross slope transitions from a normal section to a superelevated séetion, absome
point the cross slope will be equal to zero (Sx = 0.0%), while for level roadway the longitudinal
slope is equal to zero (S = 0.0%) which again means that the drainage will be dependent on
the cross slope of the roadway

Both of these areas are potential drainage problem areas. Many engineers will want to
place an underdrain at these locations to drain the surrounding areal Unfbrtunately, the
discontinuity in subgrade support caused by the underdrain ma¥ more than offset the
benefits of drainage.

Engineers now recognize that the transifion areds, from cut to fill sections represent a
potential drainage problem area. Considerable subsiukface water can build up in the
roadway section. Underdrains may be required fe remove this water.

While the design, construction and maintehane@of underdeains is outside the scope of this paper,
these items would be quite similar fo thé edgedraimcase.

4.2 Edgedrain Location

For permeable bases (new £t reconstructed ¢ases), the edgedrain location has been discussed in
detail in Section 2.0 Permgable Bases. ¢Hdgedrain location and geotextile placement are closely
tied in to pre-pave opgibst pave installation of the edgedrain. In reality, edgedrain location, pre-
or post installation, and geotextile placement is one decision.

4.3 Pipe Edgedrains

Conventional pipe edgedrains are recommended because of their relatively high flow
capagity and _their ability to be maintained. Pipes must have enough strength to resist the
loads'placed on them.

4.3.1 Pipe Material

There are many different plastic materials used in the manufacture of plastic pipe. 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. It is pointed out that
selection of pipe material is strictly a “Buyer Beware” scenario. Engineers must determine if the
pipe is adequate for its intended role. Only CPE and PVC pipe will be discussed in this manual.
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4.3.1.1 Corrugated Polyethylene

For CPE pipe, AASHTO Specification M 252, Corrugated Polyethylene Drainage Pipe is
suggested. “Standard” grade pipe should have a minimum pipe stiffness of 35 psi; however,
manufacturers can produce “Landfill Grade” pipe which will have a stiffness of 70 psi.

4.3.1.2 Poly (Vinyl) Chloride

Table 4-1 contains the specification number and specification title for different PV C pipeshThese
specifications provide a large range of pipe stiffness.

Table 4-1 Summary of PVC Pipe Specifications

Specification . . . Pipe
Number Specification Title Classification
AASZI%O M| Class PS46 Polyvinyl Chloride (PVC) Pifie PS 46
’SM | l)Cl.d (PVO) SDRY
Type PSM Poly (Vinyl)Chloridé {PW.L) Pipe and Fittings
ASTM D 3034 Based on Controlled Inside Diameter SDR 26
SDR 23.5
AASHTOM |Poly (Vinyl Chloride) (PVC) Profile,Wall Drain Pipe and Corrugated
304 Fittings Bagéd on CagnirolledInside Diameter oruga
ASTM F 949 Poly (Viny! Chl.orlde) (PYC) Corrugated Sewer Pipe with\ Corrugated
a Smooth Intertor and Fittings
ASTMF 780 | TYPe PS-46and TypeRS-115 Poly(Vinyl Chloride) PVC P546
Plastic @Gravity Flow Sewer Pipe and Fittings PS 115
ASTM D 2665 Poly (V_myl Chloride)(PVC) Plastic Drain, and Vent Pipe Schedule 40
afid Fittings

4.3.1.3 Smooth Wall Pipe with Corrugations

A new ‘generation of plastic pipe combines the strength of corrugations with the flow
characteristics @f,smooth pipe. This pipe should conform to AASHTO M 304 Poly (Vinyl
Chiloride) (#VC) Profile Wall Drain Pipe and Fittings Based on Controlled Inside
Diameterd ASTM F 949 Poly (Vinyl Chloride) (PVC) Corrugated Sewer Pipe with a
Smooth laterior and Fittings or AASHTO Specification M 252, Corrugated Polyethylene
Drainage Pipe - Type SP for CPE pipe.
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4.3.1.4 Heat Resistant Pipe

If the pipe will 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.

4.3.2 Pipe Strength

Pipe strength can be determined by, ASTM D 2412 External Loading Characteristics of

Plastic Pipe by Parallel-Plate Loading.

4.3.3 Pipe Openings

The pipe should have 42.32 cm? of openings per linear meter (2 sq in/ief pipe to allow the
discharge water to flow into the edgedrain.

4.4 Trench Design

4.4.1 Trench Backfill

In the pre-pave installation, the edgédiain is installédas the permeable base is being placed. The
trench material surrounding the edgedtain pipe is the'@ame as the permeable base material. It is
feasible to install the edgedraindmmaseparate, operation. This would allow the trench backfill to
be compacted before the perfiicable base is plased. For this case, the backfill material should be
stable and as permeable as the permeabledase material.

In the post pave ingtallation, the edgedrain is installed after the pavement has been placed.
Placing of the piperand trench baékfill'1s a second stage operation. Trench backfill material
should be stable and"at least as permeable as the permeable base material.

4.4.2 Trench Width and Deépth

Depending od pipe size, many SHA's use a trench width of 200 to 250 mm (8-10 inches). The
trench widfh 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 enough to accomplish the intended drainage function. It is

recommended that the trench depth be deep enough to allow the top of the pipe to be
located 50 mm (2 inches) below the bottom of the permeable base.
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4.4.3 Trench Compaction

Adequate compaction of the trench backfill is essential to prevent premature deterioration
of the shoulder. Trench backfill should be placed in three layers with compaction being
applied after each lift.

4.4.4 Geotextile Placement for Pipe Edgedrains

Geotextile placement will vary depending on whether the edgedrain is installedsgfore or after
the construction of the permeable base. This has been discussed in Sectign 2.2 Pavement
Section. The edgedrain trench should be lined with a geotextile to prevent fines from the
surrounding subgrade from entering the pavement section. The primary purpose ofl the
geotextile is filtration; that is, keeping the fines in the subgrade fromg@@fitaminating, the tfench
backfill material. The geotextile should have a permeability seferal times greater than the
subgrade soils. Geotextile placement for a pre-installation edgedrain is sho@n in Figure 4-1.
Since the permeable base should contain no fines, dischargeqof fines ffom the permeable base
should not be a problem. The top of the trench adjacent to'the permeable basé is left open to
allow a direct path for the water into the edgedrain pipe as shownin Figure 4-1. '
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EDGEDRAIN
car— & e >
e n, M'.f' s2h Concrete 4
N aat e % Concrete @houlder e X ﬁpm,emem J
II.IE}.S EL S S TETF s ‘Lt.hlﬂ& l”"h \:"‘
¢ CHESNErSY ) Permeable Base reigsis )

e PP SR M i T A S s " |

<~ poniih Aggregate Separator Layer A

LN
Lra
oa.'
LY+
‘;ﬁ.—l’
v
v Qn'y
IRRERN] '\

i H-..___‘

M
i
M
.
Y
S

Geotextile

Edoedrain Pipe

Figure 4-1 Geotextile Placement Around Edgedrain

4.5 Geocomposite Fin Drains

Currently there are a large number of geocomposite fin drains on the market. It is pointed out
that selection of the geocomposite fin drain is strictly a “Buyer Beware” scenario. Engineers
must determiie if the geocomposite has the necessary hydraulic capacity and structural strength
to meet its intended role.
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Geocomposites are composed of the following two elements:
+ Structural Core
o Geotextile Cover

The structural core provides the following three functions:
» Provides structural strength
s Provides a conduit to discharge the water
» Provides a structural skeleton for the geotextile covering

While the geotextile performs the following functions:
e Transmits water into the structural core.
~ Retains soil particles

4.5.1 NCHRP Synthesis Report No. 367, Long-Term Perforniance ofl Geogynthetics in
Drainage Applications

Problems associated with the installation of geocomposite fin'drains Wete,studied in depth and
reported on in the NCHRP Synthesis Report No. 367, Long-Term Performance of
Geosynthetics in Drainage Applications. In‘this study @large number of existing geocomposite
edgedrains were exhumed and studied in a forengic approachnThis study found many of the
edgedrains were crushed or buckled in the installation and backfill process.

However, the report believed thathwith géiality of construction, successful installation could be
obtained. The single largest problemi enfountered was a lack of intimate contact with the expose
edge of the pavement structure along With voids creatédhby base material falling away. To solve
this problem, the report suggested that théyedgedrain location be moved to the far side of the
trench and that a sand backfill“material 6eplaced between the edgedrain and the exposed
pavement edge as shown in Figure 4-2.

Concrete Pavementd ~—AC Shoulder

Subbase — : : +~— Geocomposiie
Sand Backfill —»-3 54 ~ Edgedrain

Figure 4-2 Placement of Geocomposite Edgedrain

The report also suggested a gradation for the sand backfill as given in Table 4-2
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Table 4-2 Gradation of Sand Backfill

Sieve Size Alternate Sieve Percent Passing
(mm) Designation
9.5 3/8" 100
4.75 No.4 100 - 95
2.36 No. 8 100 - 80
1.18 No. 16 85-50
0.60 No. 30 60 - 25
0.30 No. 50 30-10
0.15 No. 100 1092
0.075 No. 200 £-0

4.5.2 Hydraulic Capacity

A number of geocomposite manufacturerd fate théifpproduct’s hydraulic capability based on
ASTM D-4716, Constant Head Hydraulic Transitivity (In-Plane Flow) of Geotextiles and
Geotextile Related Products. In this test, the corg\lies horizentally, and the hydraulic capacity
of the geocomposite is determined for a standardized Bead and length of geocomposite. This test
will not determine the hydraulighicapacitf of'a geocomposite in actual field conditions. It is only
good for determining the relativéyhydraulic ‘¢apacity between two geocomposites under the
specific test configuration. It is primarily intended @san index test.

A select number of geocomiposiics were iested in laboratories to determine their hydraulic
capacity in a field configuration. The THWA microcomputer program DRIP, Drainage
Requirements in Pavemeénts calculates the hydraulic capacity of these selected geocomposites.

4.6 Lateral Outlet Pipe

Insfallation of the outlét pipe is critical to the drainage system. It is recommended that a high
stiffhess polyethylene orf BVC non- perforated pipe be used for the outlet pipe to insure proper
gradeand sufficient stiffnegs’to withstand installation and traffic (mowers) loads without damage
or significantfdctormation. The outlet pipe should have a minimum stiffness of 65 psi. Plastic
pipe confefiming to ASTM D 3034-89 Type PSM Poly (Vinyl Chloride) (PVC) Sewer Pipe
and Fittings with a Standard Diameter Ratio (SDR) of 23.5 or ASTM D 2665, Poly(Vinyl
Chloride) (PVC) Plastic Drain and Vent Pipe and Fittings, Schedule 40 are the most rigid
plastic pipesi\produced today.

A 3% positive downward slope of the pipe to the roadside ditch is recommended. This will
insure that the pipe will drain if there is a slight variance of the pipe grade.
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4.6.1 Surface Water Coerdination

It is imperative that the subsurface drainage be coordinated with surface drainage. HEC
No. 12, Drainage of Highway Pavements provides guidance for the design of water flowing on
pavement surfaces, while HEC No. 15, Design of Roadside Channels with Flexible Linings
provides guidance for the design of roadside ditches. Most SHA's design surface drainage based
on al0-year storm intensity.

Adequate cross slope is the most important item in surface pavement drainage., The
pavement cross slope and shoulder slope must be adequate to carry the watér away {rom
the traffic lanes. Grass slopes should be as steep as safety considerations allow.

Design of roadside ditches is a trade off of safety comsiderations, hydraulic design, and
drainage of the pavement section. When an edgedrain pipe systes Is provided, the invert
of the roadside ditch may be lowered providing additional internald drainage of the
pavement section.

Subsurface drainage design should be coordinated with surface drainages,Fhe invert of the
outlet pipe should be at least 150 mm (6 inches) above the 10-yéar design flow in the ditch.
The interface between the outlet pipe and ditch“is @mitical (BFHWA 1992). This design
arrangement is shown in Figure 4-3.

6" min.
Freeboard

Rigid Pipe
Edgedrain 9id RipE’” Headwall

10-yr Design Flow

Figure No. 4-3 Outlet Pipe

If roadside ditéhics or medians are too shallow to outlet the edgedrain system, a storm drain
system maydiave to be installed to collect the water. Surface runoff is collected by storm drain
inlets spaced at approximately, 76 m (250 ft); outlet pipes from the longitudinal edgedrain are
then connectéd to the storm drain inlets as shown in Figure 4-4.
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T: 10-Year Flow

Outlet Pipe/

Storm Drain

Figure No. 4-4 Outlet Pipe Connected to Stori Drain

4.6.2 Mainline Connection

In the past, the outlet pipes have been connected to the mainline edgediimiising100 x 100 mm
(4 x 4-inch) tees. This design is inadequatg,since maintenance and video inspection equipment
cannot make the turn.

The edgedrain pipe system should be designed with maintenance i mind. An edgedrain system
with outlet pipes located at both ends ofamedgedrain system should be provided.

This allows flushing equipment 40 enter the edgedeain from both ends. A dual outlet approach
used by CALTRANS is shown in Figure 4-5 (Baumgardner 1998).

Figure 4-5. Dual Outlet Pipes
Smooth, l6hg radius bends should be provided in the edgedrain system so rodding equipment can

negotiate the'bends. Radii of 0.6 - 1.0 m (2 to 3 feet) for pipe bends should be used to permit use
of jet rodding or cleaning equipment as shown in Figure 4-6 (Baumgardner 1998).
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Edgedrain Trench —\
L")

Minimum~/

~— 4" Unslotted
Plastic Pipe

Figure 4-6. Pipe Outlet Bends

A photograph of dual outlets is shown in Photo No. 9.

Photo No. 9 Dual Pipe Outlets

Virginia Dept. of Transportation

The Virginia Depattment of Transportation has studied the edgedrain problem at some length
and has developed‘a Somewhat unique approach to the problem. After investigating almost
everfledgedrain in their State with video inspection, VDOT adopted the design philosophy that if
an adequatéieutlet and main line connection could be developed, then the edgedrain system
would functionas intended.

VDOT tecognized the benefits of the dual pipe system, but the State believed that the design

could be improved. After considerable study, VDOT developed a standard detail for the
mainline cofinection as shown below in Figure 4-7.
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Figure 4-7 VDOT Standard Detail for Mainline/Connection

VDOT believes that this design has the following benefits:
o Same hydraulic, maintenance, and inspection capabilities as the eurve befids.
o Construction can be accomplished using standard fittings.
¢ Only one outlet pipe is required.

4.7 Outlet Spacing

The purpose of subsurface draimage is tefrémove water ds quickly as possible; therefore, outlet
spacing should be limited to 76 i (250 ft) baséd primarily on maintenance considerations.
The edgedrain should be segmented 86 that each se¢tion drains independently.

4.8 Headwalls

Headwalls are recommended because thiéy provide the following functions:
s Protect outlei®ipe ffom damage
e Prevent slope erosion
¢ Locate outlet pipe for maintenance purposes

Headwallsyprovide protéction of the outlet pipe from being crushed by mowing operations and
errand vehicles. wAlso, the headwall should prevent erosion by spreading out the flow from the
outlet pipe. Some engineers recommend large, flush headwalls to keep the vegetative growth
away fromghe outlet pipe. An example of outlet erosion is shown in Photo No. 10.
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Photo No. 10 Qutlet Erosion

Locating the pipe outlet for maintenance purpose is perhaps the, most inpoitant function of a
headwall. If the outlet pipe cannot be found, there awill be no maintenance of the edgedrain
system. Large headwalls are the best type of reference markess.

Headwalls should be placed flush with the slope sa that mowing operations are not impaired.
Both cast-in-place and precast concrete hea@Walls can Beéhused. The important consideration is
that the outlet pipe drains. Some State§ have uséd a melahpipe sleeve around the end of the
plastic outlet pipe that extends 1.2 to 1.8 i (4-5 ft) i, the fill to protect the outlet pipe.

Fabric foam headwalls are fabrigggacks thabare filled with cement grout. These headwalls are
rather large, keeping the vefetative growth away from the outlet pipe. Their size is also a
positive factor for controlling outlet erosigh anddocating the outlet.

4.9 Rodent Screens

Rodent screens are reeommended because rodents have been reported to damage geocomposite
fin dramsiand build nests ih pipe edgedrains. Eroded fines can build up on the screen and plug
the outlet. Rodent,screens shiould be easily removable so that the screens and outlet pipes can be
cleancd.

4,10 Reference Markers

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 others use a painted arrow or mark on the shoulder. A headwall will also provide
the function of locating the outlet and is perhaps the best reference marker.
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4.11 Videotaping for Quality Assurance

Videotaping the completed edgedrain with closed circuit video equipment is suggested for final
acceptance of the project. An uniform program of videoing completed projects should improve
the quality of both design and construction.

4.12 Construction Considerations

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

ASTM D2321, “Underground Installation of Thermoplastic Fipe for.Sewers and Other
Gravity Flow Applications” provides excellent guidance for the construefion of édgedrains.

For geocomposite fin drains, proper consiruction cannot bé ever seffiphasized since
geocomposites are prone to buckle during their placement. T ASTM "D 6088, Installation of
Geocomposite Pavement Drains providés) gooddeurrent guidance for the placement of
geocompostte.

To prevent water entrapment, it is critical that the cadhef the outlet pipe or concrete headwall be
constructed to grade so that thegipe draifis. IBflexible plastic tubing is used for the outlet pipe,
pipe curling may be a probleni. €onerete headwalls, which have been constructed to grade,
should solve this problem. This is oné reason whytigid pipe is recommended for the outlet pipe.

Increased emphasis should be'placed on better construction and inspection of edgedrain systems,
especially the outlets. Prdper construction i essential for the edgedrain system to perform as
intended.

4.13 Guide Specifications for Edeedrain Acceptance Using Video Inspection

Guille specifications for edgedrain acceptance using video inspection of completed
edgedraindare provided in Appendix E.
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5.0 VIDEO INSPECTION

5.1 Background

Excavations and inspections of edgedrains have revealed that many of the edgedrain pipe
sections have been crushed or clogged. Most likely these problems occurred during the
construction of the highway. Advances in video technology have produced a generation of video
equipment that is capable of investigating 100 mm (4-inches) diameter pipe.

Under the “Video Inspection of Highway Edgedrains” contract, funded bypthe)Federal
Highway Administration (FHWA), State highway agencies (SHA’s) had their gdgedram §ystems
inspected using closed-circuit video equipment. There were two principal purposes of this
project. The first purpose was to provide SHA’s with a qualitative video pictute of condifions
inside the edgedrains, while the second purpose was to demonstrategdii@technology assotiated
with the video inspection equipment.

5.2 Description of Video Equipment

The equipment consisted of the following three main units: €amera head, eamera control unit,
and a push rod which was coiled on a metal s@el.

The camera used was a Pearpoint flexible high fesolution, high Sensitivity, waterproof, color
video camera. Six high intensity lights provided the necessary illumination inside the pipes. The
picture was transmitted back to the contral'module usinga closed circuit TV system.

The camera control unit consisted of a TV moniter, video cassette recorder and a keyboard
where data concerning the size, type and location of the edgedrain could be entered. The data
was then displayed on the gdlléGymoniton and recorded on the VCR tape and any 35 mm
photographs that were takefl.

The push rod serveddo funictions. Firgt) the rod was stiff enough to allow the camera operator
to push the camera though thésedgedrdin system. Second, it contained an electrical cable that
transmitted the TV signal fromthe eamera to the camera control unit. A mechanical distance
counter indicated the distance that the camera head had progressed into the edgedrain system.
The pushmed was coiled up on a reel; wheels on the storage unit allowed it to be rolled to the
edgedrain outlef)

The video ifispection equipment was shipped in molded transportation cases that were specially
designed for rough handling. The modular nature of the cases made equipment set up easy. The
camera ¢onirol unit which included the video monitor, VCR cassette recorder, and video printer
were all 1o¢ated in the master control case. All three units could be accessed by opening the
front lid ofithe case. The case could be wheeled from the van on a dolly to the entrance of the
outlet pipe. This allowed the camera operator to watch the video monitor as the push rod was
pushed though the edgedrain system.
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The light head for the inspection equipment is shown in Photo No.11.

Photo No. 11 Video Inspection Eghipment

5.3 Site Investigations

The operator inserted the camera into the outlét pipe and hand-féd the camera up though the
edgedrain system. Making the tumm from the outlet pipe to the longitudinal edgedrain was
particularly difficult if a 100 x 400 mm(&" X 4") tee washused to make the connection. A special
tool for making the turn was fashiened by the €ontractor, Two short sections of 60mm (2-1/2")
PVC pipe were screwed together, and a sweep bend was cut off by making a cut parallel with the
axis of the pipe. The tool was then msésted into the outlet pipe with the cut-off bend first. The
modified bend provided just@nough curvature to turn the inspection camera into the longitudinal
edgedrain.

The camera operatof pushédithe inspection camera though the edgedrain system while watching
the video monitor.. Any sedithent build-up or collapsed pipe could be identified on the video
monitor while theé mechanical distarice counter could locate the problem within a meter (3.28
fest)nSince the pushod was relatively stiff, the operator could punch through moderate amounts
of sedimént, build-up. 1o most cases the video inspection continued until a blockage of the pipe
wasg reached.

The entirg’ video inspection was video taped using the VCR cassette recorder. Comments
describing any problems encountered could be dubbed into the audio system by the operator.
Still photographs could be taken of any blockages that were encountered by using the 35mm
color vid¢o printer.
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5.4 Findings

A host of problems (Daleiden, 1998) were encountered in the video investigations. Below isa
representative list of the problems: :
e Damaged end of outlet pipe
s Crushed outlet pipes
o Clogged outlet pipes
e Unable to make turn from outlet pipe to mainline edgedrain.
» Sediment blocking mainline edgedrain '
« Mainline edgedrain pipe crushed
Rodent nest blocking pipe
Standing water in the pipes.

Examples of crushed pipe are shown in Photo’s Nos. 12 & 13.

Phiote No. 12 Example of a Crushed Pipe

Photo No. 13 Example of a Crushed Pipe




The number and severity of these problems were astonishing. Of the total of 269 pipes that were
inspected, 35 percent of the laterals could not be inspected because they were crushed or
clogged. The condition of mainline could not be investigated. Another 13 percent of the
edgedrains could not be inspected because the camera could not make the turn from the outlet
pipe to the mainline edgedrain. This was due to a number of factors such as geocomposite
edgedrains, drop tees, drop inlets, no mainline pipe, or the outlet pipe was not connected to the
edgedrain. Of the mainlines that could be inspected, 17 percent of the mainliriés were blocked or
clogged. This means that of all the edgedrains inspected only 35 percent of the pipes could be
classified as good. A breakdown of this data is shown in Figure 5-1.

These findings indicate that the current design, construction and maintenance of edgedrain
systems is inadequate.

Mainline Qutlets
Not Reviewable Nén-Functional
13% 35%
Mainline Mainline Good
Non-Functional 35%
17%

Figure 5-1 Breakdown of Video Inspections

5.5 Quality Assurarice

- Video inspection bf the completéd edgedrain is recommended for final acceptance of the project.
An umiform programef videoing completed projects should improve the quality of both design
and construction. Based,on video inspections taken during this contract, it appears that most of
the crushed pipes occurted during the construction phase. Since the video equipment has a
distance counfer, dmy, obstructions can be accurately located and quickly bought to the
contractor’s attention.

5.6 Maintenance Purposes

Video inspection of highway edgedrains using closed-circuit television is a necessary tool for
maintaining the functionality of the edgedrain system. Any developing problem can be
identified early on so that remedial work can be performed. The quality of the video picture is
adequate enough that the video operator can identify the problem, and with the distance counter
can accurately locate it.
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5.7 Pavement Management

Edgedrains are an integral part of the highway infrastructure and should be part of any pavement
management. Edgedrains should be entered into the pavement management data base and
periodically video inspected with video equipment. This will provide the SHA with additional
data in evaluating the cost effectiveness of drained versus undrained pavement sections.

5.8 Edgedrain Problems

Based on the findings from this project, and other studies, below is a liét of probléms
encountered with the design, construction and maintenance of highway edgedrain Systems:

t * 3 8 ¢

Unable to find pipe outlet.

Entrance of outlet pipe crushed.

Lateral pipe outlets crushed or clogged.

Ninety (90) degree tees used to connect the mainline drain to the outlél pipes
Inadequate slope on the outlet pipe.

Flow line of the outlet pipe below the roadside ditch.

Inadequate maintenance.

Engineers must recognize these problems and proyide desighs,and €onstruction procedures that
will eliminate them. Engineers now recognize that although maifiténance may be difficult and
expensive; it can be accomplished. The design angd)construction phases must produce a
product that will at least permitnaintendnce.
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6.0 MAINTENANCE

Maintenance is critical to the continued success of any longitudinal edgedrain system.
Inadequate maintenance is a universal problem. The combination of vegetative growth, debris,
and fines discharging from the edgedrains will eventually plug the outlet pipe. Mice nests,
mowing clippings, and sediment collecting on rodent screens at headwalls are common
maintenance problems. Often outlets cannot be found because they are hidden by vegetative
growth. Some outlets have been so plugged that water gushed from the pipe& When they were
unplugged. An example of vegetative material removed from an edgedrain is showmin

Photo No.14.

Photo No. 14 Vegstative Material Removed from an Edgedrain System

It is obvious that if maintenance pexsonnelcannot find the outlets, no maintenance can be
performed. The SHA's\that use concréte headwalls, reference markers, or painted arrows on the
shoulders have béfter suceess in providing maintenance. It is also important that maintenance
activities not bloek or damage thepipe outlet. ‘

If flémible corrugated plastic pipe has been used as an edgedrain, the pipe will not be perfectly
straight sinee, the pipe bénds when it encounters any large stones during the laying process.
These bends provide. an opportunity for sediment to build up in the edgedrain. Periodic flushing
of the edgelirain may be necessary to remove sediment build up.

Flushmg or jet rodding the system is important in the maintenance scheme. It is important that
the pip¢ have proper bends to facilitate this operation. The edgedrain pipe system should be
designed with maintenance in mind. These operations should be done on a routine schedule.

Edgedrain outlets and pipe systems should be inspected at least once a year to determine their

condition. Use of video equipment to inspect the edgedrain pipe system is recommended.
Flushing of the pipe systems should be performed as necessary.
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Maintenance personnel should mow around the outlet pipes at least twice a year. It is important
to perform the mowing on a periodic basis to keep vegetative build up to a minimum. Roadside
ditches should also be mowed and kept clean of debris.

NCHRP Synthesis 285 “Maintenance of Hichway Edgedrains”

The new NCHRP Synthesis 285, “Maintenance of Highway Edgedrains,” psovides a very
insightful look into the problems associated with edgedrain maintenance. The conglusions listed
below are extremely important since they hit at the heart of the problem.

In the area of pavement performance and benefits, the synthesis draws the follofing conclugions:
o “The cost of maintenance is far outweighed by the anticipated design lifé of the road that
comes with edgedrains that perform.”
o There is a significant cost in terms of poor performing pavefents o, agencies.thal use
“edgedrains and do not have an effective preventive maintenafice program.”
« Long term maintenance is essential to obtain the anti¢ipateddbenefits of drainable
pavement systems.”

The merits of pavement subsurface drainage are recognized by the following ¢onclusion:
« Based on the results of “NCHRP Systhesis 289%and confitmed by literature reviewed in
this synthesis, there is a significant cogh in terms of poor pavement performance to
agencies that are not using edge drains.”

The need for quality control in ¢anstructién is acknowledged by the following conclusions:

o Edgedrain failures have ogéurred where the water tould not get out of the base fast
enough (e.g., no pipe outlets; plugged outlets, srushed outlets, clogged filters, or clogged
drains). Many drainage system failures are traced to poor construction and inspection.”

e Training of constructidhn and inspection staff is important to improve drainable pavement
performance.

o The need for qualified and trained maintenance personnel is seen in the following
conclusion:

o All maintenance personnel sholild be made aware that a plugged subsurface drainage
system may. be, worse than 1o drainage system because the pavement system becomes
permanently satukated.

Two of the nost salient conelusions were:

o ‘Maidicnance efforts vary between good and nonexistent within a state and among
different states.
-~ » There is an apparent disconnect between maintenance, design and construction in many
statg dgencies.

If a SHA is unwilling to make a maintenance commitment, permeable bases should not be

used since the pavement section will become flooded. This will increase the rate of
pavement damage (FHWA 1992, Christopher 1997).
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APPENDIX A

GUIDE SPECIFICATION FOR THE CONSTRUCTION OF
UNSTABILIZED PERMEABLE BASES

301.01 Description'

The work shall consist of constructing a permeable base consisting of non-stabilized aggregates.
The aggregate materials shall be blended in a continuous or batch type plant and hauled to the
project site and spread in a uniform thickness over a previously constpicted aggregate or
geotextile separator layer.

301.02 Materials

Aggregate material must be hard, durable material. As a minimiiin, the a@gregate should have at
least two fractured faces as determined by the material retained on the 4.75 mm (No. 4) sieve;
preferably it should consist of 98 percent crushed stone.

The L.A. abrasion wear should not exceed 45 percent as determimed by AASHTO T 96-94
Resistance to Abrasion of Small Size Coarse Agorésate by Use of the Los Angeles Machine.

The soundness percent loss should not exceed 12 or 18 pereent’ as determined by the sodium
sulfate or magnesium sulfate tests, respectively. Thétest shall be in accordance with

AASHTO T 104-86, Soundiess of Aggregate by thenUse of Sodium Sulfate or Magnesinm
Sulfate.

301.03 Gradation

The aggregate material’g gradation shall canferm to the following gradation requirements’:

Gradation Requirgnients for Unstabilized Permeable Base
Sieve Size (mm) Al ternsalfevig:;;zg?na tion Percent Passing
355 [-12" 100
25¢ 1" 95 - 100
2, 5 " 60— 80
4.75 No. 4 40 - 55

2.36 No. 8 5-25
1.18 No. 16 0-8
0.30 No. 50 0-5

Note: This gradation can be obtained by using a blend of AASHTO Gradation
No. 57 and No. 9 in an approximate 1:1 ratio.

1. Specification is based on the one developed by the New Jersey Dept. of Transportation

2. Gradation based on one developed by the New Jersey Dept. of Transportation
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Material passing the 0.425 mm (No. 40) sieve shall be non plastic in accordance with
AASHTO T 90-96, Determining the Plastic Limit and Plasticity Index of Soils.

301.04 Mix Design

The Contractor shall submit for approval a mix design for the material and a statement naming
the source of the material.

The job mix formula shall establish the percentage of dry weight of aggregate pdSsing each sieve
size. The job mix formula shall be in effect until modification is approved.

The mix design shall be such that when the component sieve sizes are blended together and
compacted with a Burmister Table in accordance with ASTM D@4253°93 Maximund Index
Density and Unit Weight of Soils Using a Vibratory Table dnd tested for permeability, its
permeability will be 610 meters per day (2,000 feet per day), within aglus (+J or minus (-) 305
meters per day (1000 feet per day).

301.05 Verification of Mix Design

At least 45 days prior to the production of the non-stabilized permeable base materials, the
Contractor shall submit for approval, a mix degign and the following quantities of components
for matertal testing and verification that the mix design will result in a mixture having the
required permeability:

o Blended Aggregate 200 Lbs. or
e Component Size 100 Lbs (each size)

When unsatisfactory results for any specified, characteristic of the work make it necessary, the
contractor may establish @ hew mix désign for approval by the engineer. In such instances, if the
contractor fails to tdke cottéctive actiof, the engineer reserves the right to require an appropriate
adjustment.

30806 Equipment

Al equipmicnt fiseessary 10 Mix, transport, place, compact, and finish the permeable base shall be
on thé\projeef andappoved before work will be permitted to start. Such equipment shall include
a stalionafy or portable continuous or batch type pugmill mixer equipped with batching or
meterig devices for proportioning the blend or other approved units capable of producing a
blended material consistently meeting the gradation requirements. An asphalt paver shall be
provided that is capable of maintaining a uniform rate of travel while spreading and laying a lift
of uniforny consistency and thickness with proper grade control. Motor graders or smooth, steel
wheel vibratory roller and other equipment and tools shall be provided as necessary to perform
the work in a satisfactory manner.
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Construction Requirements

301.07 Preparation of the Aggregate Separator Laver Course

The aggregate separator layer shall be checked and approved far enough in advance of spreading
the unstablized aggregate mixture to permit one day’s operation, exception being permitted at the
discretion of the engineer. ‘

301.08 Mixing

The crushed aggregates shall be blended together in the proper proportions a8 specified i the
mix design.

Surge hoppers shall be used to supply aggregates for blending t6 meet the required gradation.
The blend shall be handed in such a manner as to prevent contamim@ition,@degradation, and
segregation.

301.09 Quality Control Testing

301.09(a) Conformance to Job Mix Formula

Conformance to the mix design gradation will be'détermined on the basis of samples taken by
the Engineer at the constructiomsite aftef placément andtested in accordance with ASTM D 421,
Practice for Dry Preparation of Soil Samples for Particle -Size Analysis and Determination
of Soil Constants and ASTM D 422, Test Methods for Particle-Size Analysis of Saoils.

301.09 (b) Sampling and T€sting

Samples shall be taken [af a rate of ©he (1) sample per every 115 cu. meters (150 yd’) of
permeable base mat@rial. | The producer shall have a quality control technician available at the
plant to immediately correct@any,defigiency in the product.

30#e10 Transportation of the Mixture

The blended material shall’be hauled to the site in vehicles that will prevent contamination,
degradation and segrégation of the material. Any truck causing excessive segregation of the
mixture\ b its suspension or other contributing factors or that leaks and causes delays shall be
removed from the work until such conditions are corrected.

Loads shallinot be sent out so late in the day as to prevent completion of the spreading and
compaction of the mixture during daylight, unless sufficient artificial light is provided.
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Plant production and the number of trucks used for transportation shall be such as to ensure
delivery of the mixture in sufficient quantities and at such intervals to permit continuous
placement of the material with minimal stopping and starting of the paving operation. Failure to
maintain such delivery shall be cause to suspend the work.

301.11 Spreading

Plant mixed aggregates should be delivered to the prepared subbase or base colifse,and spread as
uniformly as possible with a minimum of manipulation to prevent segregation. “Lhe aggregate
should be placed in compacted lifts not to exceed 100 mm (4 inches). An asphalthlaydown
machine with automatic grade control shall be used.

301.12 Compaction, Shaping, and Finishing

301.12(a) Compaction

For unstablized permeable bases, compaction shall consist of one 10 thrée passes of a

4.5 to 9 metric ton smooth steel-wheeled power roller to achigyve proper densifieation of the non-
stabilized permeable base. Vibratory rollers can be used with care. O¥€r rolling can cause
degradation of the aggregate material and a subsequent loss of pétmeability.

Control Strips

One or more control strips shall be consfflieted at“the, beginning of work for the purpose of
determining the project’s compactiofi requiteéments. < An additional control strip shall be
constructed when a change is niadé 'in the type or source of aggregate material, whenever a
change occurs in the composition of the material ffom the same source or as directed. Each
control strip shall consist of amarea of atlleast 335 m” (400 sq. yd.) and shall be constructed of
the same material as that spécitied for the construction of the project.

The control strip shallibe Compacted by & minimum of two passes of the compaction equipment.
Compaction shall gontinuc until no appreciable increase in density is obtained by additional
passes without Crushing the aggiégate. Density of the control strip shall be determined in
accordance with theé eurrent provisions of AASHTO T 238 -97, Density of Soil and Soil-
Aggregate In-Place by Nuclear Methods (Shallow Depths, Method A.

Upon complefion of @ampaction, a minimum of ten (10) tests will be made at random locations
to detemmin€ the average in-place density of the control strip. The average value shall be
referencé’ maximum density for the permeable base material from the same source used
elsewher€ on the project.
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Compaction Acceptance

For purposes of monitoring conformance to the compaction requirements, the non-stabilized,
permeable base constructed on the project shall be divided into lots consisting of approximately
4,200 m* (5,000 sq.yd.) or less of area.

The engineer shall determine the average lot density of five (5) randomly selected locations in
the lot. This average lot density shall not be less than 95% of the Average Reférence Maximum
Density in the control strip. If a lot fails to meet requirement, it shall be recompacted by the
contractor at his expense and shall be resubmitted for acceptance. The engineenshall determine
the new average lot density. (If this density still fails to meet 95% of the Average Réference
Maximum Density, each SHA should determine the course of action.. A penaliy, or
reconstruction of the permeable base may be required.)

301.12(b) Shaping and Finishing

After the aggregate material has been compacted, the surface shallde shaped to the required
cross-sections. -If the next layer consists of an asphalt concréte material, the yon-stabilized base
shall be covered with a primecoat. '

301.13 Tolerances

301.13(a) Surface Variation

The surface tolerance shall be'Within/@ plus (%) er minus () 10 mm (3/8"). Low areas shall be
corrected by adding material, grading and compaciing.

301.13(b) Thickness

The thickness tolerance §hall be withifila plus (+) or minus (-)13 mm (}2"). Thin areas shall be
corrected by addingghaterial, grading and compacting.

301.14 Maintenance under Traffic

Maintehance of the pefmeable base shall be performed during its construction and until the
Contractor hispentirely ‘¢overed the course with pavement or the next layer. It shall be the
Contractor’saespondibility to maintain drainage of the job site such that any fine material is not
allowed tafwash into and clog any part of the drainage system. Any area of the permeable base
that becomes clogged shall be reconstructed.

If a Portlahd cement concrete pavement is to be placed on top of the non-stabilized permeable
base, no construction traffic shall be allowed on the permeable base. All concrete delivery trucks
shall deliver their concrete to the paver in a side-deliver operation. The width of the concrete
paver should be such that the paver completely spans the permeable base with the paver tracks
running on the dense graded aggregate base.
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If an asphalt concrete pavement is to be placed on top of the non-stabilized permeable base, only
the construction traffic necessary to construct the pavement shall be allowed on the permeable
base.

In no case shall the edges of the permeable base be left unprotected and subject to infiltration.
The non-stabilized permeable base shall be completely paved within two (2) weeks following its
completion.

Compensation

301.15 Method of Payment

Non-stabilized permeable base material of the various thickness, will be mea
meter (sq. yd.).

Payment will be made under:

« Pay Item
- Non Stabilized base materials

e Pay Unit
- Square Meter (square yard)




APPENDIX B

GUIDE SPECIFICATION FOR THE CONSTRUCTION OF
ASPHALT STABILIZED PERMEABLE BASES

301.01 Descriptionl

The work shall consist of constructing a permeable base consisting of asphaltystabilized
aggregates. Work shall consist of mixing the aggregate and asphalt in a continug@i§ orbatch type
plant and transporting it to the project site and spreading it in a uniform/thickness ‘@ver a
previously constructed aggregate or geotextile separator layer.

301.02 Materials

301.02(a) Aggregates

Aggregate material must be hard, durable material; it should consist of 98 percefif crushed stone.

The L.A. abrasion wear should not exceed 45 pendént as detérmined by AASHTO T 96-94,
Resistance to Abrasion of Small Size Course Aggregate wlse of the Los Angles Machine.

The soundness percent loss should not exceed 12°0r)l8 percent as determined by the sodium
sulfate or magnesium sulfate tests, respeeffully )The tcst shall be in accordance with

AASHTO T 104-86, Soundness of, Aggregate by, the Useof Sodium Sulfate or Magnesium
Sulfate.

301.02(b) Asphalt

Asphalt cement as described in AASHTO MPI-98, “Performance Graded Asphalt Binder;”
Grades PG 76-22, 70822 or 64-22 may bg used as conditions warrant.

301.02 (c) Application Rate

The asphaliseontent shall Be 3 percent plus + % percent by weight of dry aggregate and mineral
fillex.

301.03 Grddation
The asphalt stabilized materials gradation shall conform to the following gradation®

requirements:

1. Overall'format of the specification is based on the one developed by the New Jersey Dept. of
Transportation.

2. Gradation is based on the one developed by the New Jersey Dept. of Transportation.
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Gradation Requirements for Asphalt Stabilized Permeable Base
S"z::n?)lze AlternszlltivlgeS;izgenation Percent Passing

25.0 1" 100
19.0 3/4" 95-100
12.5 " 85-100
4.75 No. 4 15-25
2.36 No. 8 2-10
0.075 No. 200 2-5

301.04 Mix Design

The Contractor shall submit for approval a mix design for thié, materidl and a statement naming
the source of the material.

The job mix formula shall establish the peidentagl 8f,dry weight of aggregate passing each
required sieve size and the percentage of asphalfybased upointhe weight of the total mix. The
values of percent passing each sieve size shall be'within the above gradation band. The job mix
formula shall be in effect until modification is approvedh

The mix design shall be such that Whén the comipbnent aggtegates are blended together, mixed
with the specified amount of asphalf at a temperature, of 250 degrees F' and compacted at the
department’s laboratory with an_Instron machine at 600 psi for carbonate rock aggregate and
1000 psi for aggregates ofd@ll other stoneytypes according to ASTM D 1074, Compressive
Strength of Bituminous /Mixtures and tested, for permeability, its permeability will be 610
meters per day (2,000 feet per day), withinl a + 305 meters per day (1000 feet per day).

Note: FHWA reéemmends thatanddditive to prevent stripping of the asphalt cement be
used.

301.05 Verification of Mix Design

At least 45 déys prior tovthe production of the asphalt stabilized permeable base materials, the
Contragtorshall submit for approval, a mix design and the following quantities of components
for material testing and verification that the mix design will result in a mixture having the
required petmeability:

+ Blended Aggregate, 90.8 kg (200 lbs)
e Asphalt Materials, 1 gal.

1. Values based on specifications developed by the New Jersey Dept. of Transportation (Higher
temperatures will be needed when using PG 76-xx or PG 70-xx grades of asphalt cement).
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When unsatisfactory results for any specified characteristic of the work make it necessary, the
contractor may establish a new mix design for approval by the engineer. In such instances, if the
contractor fails to take corrective action, the engineer reserves the right to require an appropriate
adjustment.

301.06 Equipment

All equipment necessary to mix, transport, place, compact, and finish the permeablébase shall be
on the project and approved before work will be permitted to start. Such equipment shall include
a stationary or portable continuous or batch type pugmill mixer equippeddwith batehing or
metering devices for proportioning the blend or other approved units capdble of producing a
blended material consistently meeting the gradation requirements, a traveling plant such| as an
asphalt laydown machine capable of maintaining a uniform rate of travel while, spreading and
laying a lift of uniform consistency and thickness with proper gratic contiol, motomefaders or
steel wheel vibratory roller and other equipment and tools as nday the rggured to perform the
work in a satisfactory manner.

Construction Requirements

301.07 Preparation of the Base Course

The base course shall be checked and approved far enough i advance of spreading the asphalt
mixture to permit one day’s operation,exception ‘heing permitted at the discretion of the
engineer.

A prime coat shall be applied to the aggregate separdior layer.

301.08 Preparation of the@Asphalt Cement Mixture

The dried aggregates shall be combingd in the mixer in the amount of each fraction to meet the
job mix formula. /I asphalt cement material shall be weighed or metered and mtroduced into
the mixer in the@mount specified,

Thestemperature at'the, discharge from the plant or surge and storage bins shall be maintained
between 135 to 165 degrees C.'(275-325 degrees F.). Since the stiffer PG 76-xx or 70-xx grade
asphalt is usedthis temperature is necessary to coat the aggregates with asphalt and insure a
homogenous mix.

301.09 Ouality Control Testing

301.09(a) Conformance to Job Mix Formula

Conformance to the job mix formula will be determined on the basis of extraction samples taken
and tested at the mixing plant for manual batch plants and will be determined by plant printout
tickets and hot bin samples for fully automated batch plants. If samples are found to be outside
of the master gradation band on any sieve content, the producer shall correct the deficiency
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before continuing production.

301.09(b) Sampling and Testing

Sampling rates and testing for asphalt content and conformance to the gradation master band for
manual and automated batch plants and drum mix plants shall be in accordance with the State
highway agencies’ standard specifications.

For process control purposes at manual batch plants, the producers quality control techiician will
sample and determine the gradation of aggregate components in the hot bin at léast"twice daily
during continucus production of asphalt stabilized permeable base materialé. At drum mix
plants, this process control sampling and testing shall be performed on material in the cold bing
- The resulting bin gradations shall be theoretically combined using the mix formaula bin pulls to
determine if changes are needed in the aggregate blending process Process changes.shéll be
made by the producer to keep the mixture in gradation control.

301.10 Transportation of the Mixture

The mixture shall be transported from the mixing plant to th¢ project i trucks equipped with
tight, clean bodies which shall be lightly co@téd withf @soap or lithe solution or other such non-
petroleum-based release agent. Each truckload ef mixture deliveted shall be covered with a
waterproof canvas tarpaulin or other such material @€ such size and so fastened, as to protect the
mixture from the weather. Any truck causing eXeessive segregation of the mixture by its
suspension or other contributingdfactors gt that leaks or causes delays shall be removed from the
work until such conditions are cortested.

Loads shall not be sent out so late inithe day as to'prevent completion of the spreading and
compaction of the mixture duing daylight, unless sufficient artificial light is provided.

Plant production and the Bumber of trucks used for transportation shall be such as to ensure
delivery of the mixfure in sufficient quantities and at such intervals to permit continuous
placement of the mdterial with tinimal stopping and starting of the paving operation. Failure to
maintain such deliveéryyshall be causeto suspend the work.

30101 Spreading

Plant'mixed aggregates should be delivered to the prepared subbase or base course and spread as
uniformily a8 possible with a minimum of manipulation to prevent segregation. The aggregate
should bé placed in compacted lifts not to exceed 100 mm (4 inches). A minimum thickness of

3 - 4 inches (75 - 100 mm) is suggested to provide adequate drainage. An asphalt laydown
machine withhautomatic grade control shall be used.

1. Values are based on the specification developed by the California Dept. of Transportation.
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301.12 Compaction, Shaping, and Finishing

301.12(a) Compaction

For asphalt stabilized permeable bases, compaction shall consist of one to three passes of a

4.5 to 9 metric ton smooth, steel-wheeled power roller to achieve proper densification of the
permeable base. Vibratory roller may be used in the static mode. Overgrolling can cause
degradation, over densification and a subsequent loss of permeability.

The asphalt stabilized material shall be spread at a temperature between 93 -120 degrees,C.
(200-250 degrees F)' as measured in the hopper of the paving machine/ Compactiomhof the
permeable base should begin when the temperature of the mix has cooled to 635 degrees C.

(150 degrees F.)' And should be completed before the temperature falls below. 38 degrees £
(100 degrees F.)l.

Control Strips

One or more control strips shall be constructed at the beginfiing of work for the purpose of
determining the project’s compaction requirements. An\ additional cofifrol strip shall be
constructed when a change is made in the type or source of aggregate material, whenever a
change occurs in the composition of the€ material fiom the $@me source or as directed. Each
control strip shall consist of an area of atgleast 338 m” (400 square yards) and shall be
constructed of the same material and thickneésShas that spegified for the construction of the
project.

The control strip shall be compagted by a minithum of two passes of the compaction equipment.
Compaction shall continue unti} #16 appreciable increase in density is obtained by additional
passes without crushing the aggregate, Density of the control strip shall be determined in
accordance with the cumént provisions wf AASHTO T 238-97, Density of Seoil and Soil-
Aggregate In-Place by Nuclear Methods (Shallow Depths), Method A.

Upon completiond@f compaction, a minimum of ten (10) tests will be made at random locations
to determine the average insplaceddensity of the control strip. The average value shall be
Average Reference Maximum Density for the permeable base material from the same source
uled elsewhere on'théproject.

Compaction Aceeptance

For purpogés of monitering conformance to the compaction requirements, the asphalt stabilized,
permieable base constructed on the project shall be divided into lots consisting of approximately
4,200m° (5,000 sq.yd.) or less of area.

The engineer shall determine the average lot density of five (5) randomly selected locations in
the lot. "This average lot density shall not be less than 95 percent of the Average Reference
Maximum Density in the control strip. Densities shall be determined in accordance with the

1. Values are based on the specification developed by the California Dept. of
Transportation.
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current provisions of AASHTO T 238-97,Density of Soil and Soil-Aggregate In-Place by
Nuclear Methods (Shallow Depths), Method A. If a lot fails to meet requirement, it shall be
recompacted by the contractor at his expense and shall be resubmltted for acceptance. The
engineer shall determine the new average lot density.

301.12 (b) Shaping and Finishing

After the aggregate material has been compacted, the surface shall be shaped 1@ the required
cross-sections. If the next layer consists of an asphalt concrete material, the asphall stabilized
base shall be covered with a prime coat.

301.13 Tolerances

301.13(a) Surface Variation

The surface will be tested using a (10 foot) straight edge at selected locatibnis. The variation of
the surface from the testing edge of the straight between anyftwo (2)€ontacts with the surface
shall at no point exceed 10 mm (3/8 inch). All humps or depregsions exceeding£.5 mm

(3/8 inch) shall be corrected by removing defective work and feplacing it°with new material.
The rutting tolerance shall be 10 mm (3/8 ineh):

301.13(b) Thickness

The thickness tolerance shall bedwithin a phis 013 mm (%"). Thin areas shall be corrected by
adding material, grading and compagting.

301.14 Maintenance under Traffic

Maintenance of the permeable base shall be performed during the construction of the permeable
base and until the Contractor has entirely €overed the course with pavement or the next layer .It
shall be the Contractbrs reSponsibility t0 maintain drainage of the job site such that any fine
material is not allewed to wash into_andl clog any part of the drainage system. Any area of the
permeable base that beeomes clogged shall be reconstructed at no additional cost to the state.

In 0o “casénshall any comstruction traffic be allowed on the completed asphalt stabilized
permeable base fofthe first 24 hours.

Only that\.eduipment necessary for the construction of the next higher pavement course shall be
allowed on the completed asphalt stabilized permeable base.

In no case'shall the edges of the permeable base be left unprotected and subject to infiltration.

The open-graded permeable base shall be completely paved within two (2) weeks following its
completion. '
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Compensation

301.15 Method of Payment

Payment will be made under:

e Pay Item
- Asphalt stabilized, permeable base

e Pay Unit
- Asphalt stabilized permeable base material will be measured by ¢

‘N
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APPENDIX C

GUIDE SPECIFICATION FOR THE CONSTRUCTION OF
CEMENT STABILIZED PERMEABLE BASES

301.01 Description'

The work shall consist of constructing a permeable base consisting of cem@fil Siabilized
aggregates. Work shall consist of mixing the aggregate and cement in a continufus or batCh type
plant and transporting it to the project site and spreading it in a uniform [fhickness over a
previously constructed aggregate or geotextile separator layer.

301.02 Materials

301.02 (a) Aggregates

Aggregate material must be hard, durable material; it should consist of 98‘pereent crushed stone.

The L.A. abrasion wear should not exceed 45 percent @ashdetermined by AASHTO T 96-94,
Resistance to Abrasion of Small Size Course Aggregate by Usewof the Los Angles Machine.

The soundness percent loss should not gf€eedn]2 or 18 ypercent as determined by the sodium
sulfate or magnesium sulfate tests, respetfully. “Ihe test shallbe in accordance with

AASHTO T 104-86, Soundness of Aggregate by the Use of Sodium Sulfate or Magnesium
Sulfate.

301.02 (b) Cement

Cement shall be Typedh Type\I-P or Type II' conforming to the appropriate sections of the State
highway agencies’ standard speeifications or ASTM C 150-97, Portland Cement.

301.02 (¢) Curing Caompound

Curing materialspshall be“white pigmented wax base concrete curing compound meeting the
requitements af ASTM, C-309-94, Liquid Membrane-Forming Compound for Curing
Concrete.

1. Specification is based on one developed by the Virginia Dept. of Transportation.
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301.02(d) Application Rate

The minimum cement content shall be 140 kg per cu. meter' (235 Ibs. / yd®, or 2.5 bags / yd).
Water/cement ratio shall provide for 100% cement paste coverage the aggregate material without
significant runoff of the cement/water portion of the mixture during transportation and
placement.

Consistency of the mixture shall provide for the minimum amount of water Consistent with the
required workability to provide a uniform material and surface texture as detemmlined though

visual inspection by the Engineer.

If required, the minimum application rate for the curing compound shall be 3.68 sq. meterSiper
liter' (16.5 sq. yd per gal.).

301.03 Gradation

The cement stabilized material’s gradation shall conform toghe followfing gradation
(AASHTO No. 57) requirements, or the following alternate gradation (AASHA O No. 67).

Gradation Requirements fox, Cement Stabilizéd Permeable Base

(AASHTO No.57)
Sieve Size Sieve Size Percent Passin

(mm) Alternate Designation E
37.5 h-1/2" 100

25.0 " 95 -100
12.5 " 25-60
4.75 No. 4 0-10

2.36 No. § 0-5

Gradation Reguireménts for Cement Stabilized Permeable Base

(AASHTO No. 67)

Su(e::lg)lze Alternsalteev]e)e?slizgenation Percent Passing
25.0 1" 100
9.0 3/4" 90 - 100
9.5 3/8" 20-55
4,75 No. 4 15-25
2.36 No. 8 2-10
0.075 No. 200 2-5
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301.04 Mix Design

The Contractor shall submit for approval a mix design for the material and a statement naming
the source of the material.

The job mix formula shall establish the percentage of dry weight of aggregate passing each
required sieve size and the percent age of cement based upon the weight of the total mix. The
values of percent passing each sieve size shall be within the above gradation ban@l) The job mix
formula shall be in effect until modification is approved.

The mix design shall be such that when tested for permeability, its permeability will"Ben610
meters per day (2,000 feet per day), within a plus (+) or minus (-) 305 meters per day (1000 {8et

per day).

301.05 Verification of Mix Design

At least 45 days prior to the production of the cement stabilized permedblc basg materials, the
Contractor shall submit for approval, a mix design that will\result i1 a mixfure having the
required permeability. :

When unsatisfactory results for any specified characteristic of the work make it necessary, the
contractor may establish a new mix design for apgtaval by the énginéer. In such instances, if the
contractor fails to take corrective action, the engincér reserves theright to require an appropriate
adjustment.

301.06 Equipment

All equipment necessary to mix transport, place, compact, and finish the permeable base shall be
on the project and approved before work will be permitted to start. Such equipment shall include
a stationary or portable cénlinuous or_batch type pugmill mixer equipped with batching or
metering devices for propottioning the Blend or other approved units capable of producing a
blended material consistently meeting the gradation requirements. A concrete paver shall be
provided that 1s capable of maintaining & uniform rate of travel while spreading and laying a lift
of uniform consisteney and thickness with proper grade control. Concrete pavers shall be
equipped, with vibrating Sereeds or plates for consolidating the permeable base material. Motor
graders or snioeth, steel whesl vibratory roller and other equipment and tools as may be required
shall'bé provided {0 perform the work in a satisfactory manner.

1. Values based on specifications developed by the Virginia Dept. of Transportation
at the discretion of the engineer.
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Construction Requirements

301.07 Preparation of the Aggregate Separator Layer

The aggregate separator layer course shall be checked and approved far enough in advance of
spreading the cement stabilized mixture to permit one day’s operation, exception being permitted

301.08 Preparation of the Cement Stabilized Mixture

The dried aggregates shall be combined in the mixer in the amount of each fiaction to mect the
job mix formula. The cement material shall be weighed or metered and introduced mtoythe
mixer in the amount specified.

301.09 Placement Temperature

At the time of placing the temperature of the mixture shall bg noti€ss than 4 degrees C
(40 degrees F) or greater than 35 degrees C (95 degrees F)

301.10 Quality Control Testing

301.10(a) Conformance to Job Mix Formula

Conformance to the job mix formula willdbe.determined on the basis of extraction samples taken
and tested at the mixing plat for mahinal bateh plants and will be determined by plant printout
tickets and hot bin samples for fully automated batch plants. If samples are found to be outside
of the master gradation band on ‘any,sieve contenty the producer shall correct the deficiency
before continuing productions

301.10(b) Sampling and Testing

Sampling rates anfd festing for cement eontent and conformance to the gradation master band for
manual and aufomated batch plamt€ and drum mix plants shall be in accordance with the State
highway agencies’ standard specifications.

Rox proces@eontrol purposes at manual batch plants, the producers quality control technician will
sample and determine the gradation of aggregate components in the hot bin at least twice daily
during comfinuous production of cement stabilized permeable base materials. At drum mix
plants, this process control sampling and testing shall be performed on material in the cold bins.
The resulting bin gradations shall be theoretically combined using the mix formula bin pulls to
determing if changes are needed in the aggregate blending process. Process changes shall be
made by the producer to keep the mixture in gradation control.
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301.11 Transportation of the Mixture

The cement stabilized material shall be hauled to the site in vehicles that will prevent
contamination, degradation, and segregation of the mixture. Any truck causing excessive
segregation of the mixture by its suspension or other contributing factors or that leaks or causes
delays shall be removed from the work until such conditions are corrected. :

Loads shall not be sent out so late in the day as to prevent completion of th€ spreading and
compaction of the mixture during daylight, unless sufficient artificial light is provideds

Plant production and the number of trucks used for transportation shall be sieh as 10 @nsure
delivery of the mixture in sufficient quantities and at such intervals to permit continuous
placement of the material with minimal stopping and starting of the paving operation. Failure ©
maintain such delivery shall be cause to suspend the work.

301.10 Spreading

Plant mixed aggregates should be delivered to the prepared sibbase ot base course and spread as
uniformly as possible with a minimum of manipulation to prévent segrégation. The aggregate
should be placed in compacted lifts not to exceed 100 mm (4 inches). A concrete paver with
vibrating screeds and automatic grade control ghall bcuséd,

301.11 Consolidation, Curing, Shaping, and Finishing

301.11(a) Consolidation

Approved concrete pavers with vibrating screeds ot plate vibrators shall be used to place and
consolidate the cement stabilized.material, Screed or plate vibrators shall be used to consolidate
the material to a consistentdfinish across'the, width of the course. The material shall not be
compacted to the point that'it is not free draintugror that the aggregate is crushed.

Control Strips

One or more contf®l strips shall Beeensiructed at the beginning of work for the purpose of
determining the project’s compaction requirements. An additional control strip shall be
comStfucted when a chiahge is made in the type or source of aggregate material, whenever a
change ocetits,in the compesition of the material from the same source or as directed. Each
conttol strip shallmeansist ©f an area of at least 335 m’ (400 square yards) and shall be
constiigted of the same material and thickness as that specified for the construction of the
project,

Upon comipletion of the control section, a minimum of four (4) test for minimum cement content
shall be takén, The mean result of four (4) tests shall be within + 17.80 kg/m (30 Ibs. per yd®) of
the minimum cement content.
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Consolidation Acceptance

Acceptance of aggregate coating in cement stabilized permeable base material will be based on
the mean results of tests for the minimum cement content performed on samples taken in a
stratified random manner from each lot. The rate of sampling will be four (4) per lot. A lot
measurement is defined as 2,000 metric tons of material.

A lot will be considered to be acceptable if the mean result of four (4) tests 98 Wwithin + 17.80
kg/m® (30 lbs / yd®) of the minimum cement content. If a individual test result indicates that the
cement content of the material is deficient by more than 21 kg/m® (35 Ibs / yd®) fiem the design
cement content, that portion of the material represented by the sample will be considéred a
separate part of the lot and may be removed from the roadway at the discretion of the Engingén

If the value of the test falls below the minimum cement content, a pagment adjusiment Will be
applied to the contract unit price based on the following table:

| Minimum Cement Content Payment Adjustiment
131 - 140 kg/m’ 220 - 235 Ibs./yd” 0%
128 - 130 kg/m’ 215 - 219 Ibs./yd’ 4%
125 - 127 kg/m’ 210%214 1bs./yd’ 6%
122 - 124 kg/m’ 205 - 200 Ibs./yd’ 8%

The adjustment will be appliedo the tomfiagesepresenied by the samples.

301.11(b) Curing

If curing is a requirement byth&engmeen, it shall be accomplished by, a fine spray mist, or a
curing compound.

301.11(c) Shapingaiid Finishing

After the aggregate material has been compacted, the surface shall be shaped to the required
crass-sections. ‘

Noté: Use C0ips of Enginlbers Guidelines for choke stone to reduce yield loss and minimize
retlective cracking potential.
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301.12 Tolerances

301.12(a) Surface Variation

The surface will be tested using a 3 meters (10 foot) straight edge at selected locations. The
variation of the surface from the testing edge of the straight between any two (2) contacts with
the surface shall at no point exceed 10 mm (3/8 inch). All humps or depressions exceeding 9.5
mm (3/8 inch), shall be corrected by removing defective work and replacing, it with new
material. The rutting tolerance shall be 10 mm (3/8 inch).

301.12(b) Thickness

The thickness tolerance shall be within £ 13 mm (%"). Thin areas shall be cerrected by adding
material, grading and compacting.

301.13 Maintenance under Traffic

Maintenance of the permeable base shall be performed during the ¢onstructiofi of the permeable
base and until the Contractor has entirely covered the course with pavement or the next layer. It
shall be the Contractors responsibility todmaintainfdsainage @f\the job site such that any fine
material is not allowed to wash into and clog any part“afthe drainage system. Any area of the
permeable base that becomes clogged shall be reganstructed at 1@ additional cost to the state.

In no case shall construction teaffic bed@llowed on the gement stabilized permeable base during
the first three (3) days of curing,

Only that equipment necessary for the eonstruction ©f the next higher pavement course shall be
allowed on the completed cefent stabilized permeable base.

In no case shall the edgés of the perfieable base be left unprotected and subject to infiltration.
The open-graded pérmeable, base shall be completed paved within two (2) weeks following its

completion.

Compensation

301,14 Methodef Payment

Cement stabilized permeable base material will be measured by the metric ton (ton).
Payment will be made under:

e Payltem
- Cement stabilized permeable base materials

« Pay Unit
- Metric ton (ton)
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APPENDIX D

GUIDE SPECIFICATION FOR THE CONSTRUCTION OF
DENSE GRADED AGGREGATE BASES

301.01 Description’

The work shall consist of constructing a dense graded aggregate base which will serve@sa
separator layer between the subgrade and the permeable base. The aggregate materiéils shall be
blended in a continuous or batch type plant and hauled to the project site and spréad in a uniiorm
thickness over a previously prepared subgrade.

301.02 Materiais

Aggregate material must be hard, durable material. As a minimum, fhe aggfégate €hould have at
least two fractured faces as determined by the material retained@n the 445 mm (No. 4) sieve;
preferably it should consist of 98 percent crushed stone.

301.03 Gradation

The aggregate material’s gradation shall conform 10 the following gradation] requirements:

Gradation Regflirements for Dense Graded Aggregate Base
Sieve Size Sieve Size Percent Passing
(mm) Alternate Designation
37.5 1-1/2" 100
25.0 1" 95 - 100
19.0 3/4" 55-90
4.75 No. 4 25-60
0.30 No. 50 5-25
0.075 No. 200 3-12

The b A abfasion wear sholld not exceed 50 percent as determined by AASHTO T 96-94
Resistance to Abrasien of Small Size Course Aggregate by Use of the Los Angles Machine.

Material padsing the 0.425 mm (No. 40) sieve shall be non-plastic in accordance with
AASHTO T 90-96, Determining the Plastic Limit and Plasticity Index of Soils.

The soundness percent loss should not exceed 12 or 18 percent as determined by the sodium
sulfate or magnesium sulfate tests, respectfully. The test shall be in accordance with AASHTO
T 104-86, Soundness of Aggregate by the Use of Sodium Sulfate or Magnesium Sulfate

1. Specification is based on the one developed by the New Jersey Dept. of Transportation
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301.04 Mix Design

The Contractor shall submit for approval a mix design for the material and a statement naming
the source of the material.

The job mix formula shall establish the percentage of dry weight of aggregate passing each sieve
size. The values of percent passing each sieve size shall be within the master band,, The job mix
formula shall be in effect until modification is approved.

301.05 Verification of Mix Design

At least 45 days prior to the production of the non-stabilized permeable base matérials, the
Contractor shall submit for approval, a mix design and the following quantities of €omponents
for material testing and verification that the mix design will result in a migfifeshaving the
required permeability:

o Blended Aggregate
e 90.8 kg (200 Ibs).

When unsatisfactory results for any specified gharacteristic of the'Work make it necessary, the
contractor may establish a new mix design for approval by theenginger. In such instances, if the
contractor fails to take corrective action, the enginegrreserves the right to require an appropriate
adjustment.

301.06 Equipment

All equipment necessary to mix, transpott, place, compaet, and finish the permeable base shall be
on the project and approved beféie Work will be permitted to start. Such equipment shall include
a stationary or portable contifitous or batch typépugmill mixer equipped with batching or
metering devices for proportioning the blénd or other approved units capable of producing a
blended material consigféntly meeting the gradation requirements, a traveling plant such as an
asphalt laydown machine capabléof maintaining a uniform rate of travel while spreading and
laying a lift of uniférm consistency and thickness with proper grade control, motor graders or
steelavheel vibratory roller and other equipment and tools as may the required to perform the
wotk ina Satisfactory manner.

Construction Regquirements

1. Gradation based on gradation developed by New Jersey Dept. of Transportation. The blend
shall be handéd in such a manner as to prevent contamination, degradation, and segregation.
301.07 Miximg

The crushed aggregates shall be blended together in the proper proportions as specified in the
mix design.
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301.08 Quality Control Testing

301.08(a) Conformance to Job Mix Formula

Conformance to the mix design gradation will be determined on the basis of samples taken by
the Engineer at the construction gite after placement and tested in accordance with ASTM D 421,
Practice for Dry Preparation of Soil Samples for Particle -Size Analysis and Determination
of Soil Constants and ASTM D 422, Test Methods for Particle-Size Analysis of Soils.

301.08(b) Sampling and Testing

Samples shall be taken at a rate of one (1) sample per every 150 cu. yds. of permeable bas¢
material. The producer shall have a quality control technician available at the plant to
immediately correct any deficiency in the product.

301.09 Transportation of the Mixture

The blended material shall be hauled to the site in vehicles that will prevent céntamination,
degradation, and segregation of the material. Any truck causing excessive segregation of the
mixture by its suspension or other contribyting factess or that{€aks or causes delays shall be
removed from the work until such conditions are correcteth

Loads shall not be sent out so late in the day as toprevent completion of the spreading and
compaction of the material during dayli@ht, Bmless sufficient artificial light is provided.

Plant production and the number@fifucks used foftransportation shall be such as to ensure
delivery of the mixture in sufficient'guantities and af such intervals to permit continuous
placement of the material yaffiffiinimun stopping and starting of the paving operation. Failure
to maintain such delivery shall be cause to shspend the work.

301.10 Spreading

Plant mixed aggrégates should'be defivered to the prepared subbase or base course and spread as
uniformly as possiblé,with a minimum of manipulation to prevent segregation. The aggregate
shouldbe placed in compacted lifts not to exceed 100 mm (4 inches). An asphalt laydown
machine withlautomatic gfade control shall be used.
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301.11 Compaction, Shaping, and Finishing

301.11(a) Compaction

The maximum density of the aggregate separator layer material should be determined in the
laboratory by AASHTO T 180-97, The Moisture-Density Relations of Soils Using a 4.54-kg
(10-1b) Rammer and a 457 mm 18-in Drop, Method C.

Compaction of the aggregate separator layer shall continue until the material compli€s with the
compaction acceptance criteria listed below. The in-place density of the aggregates@parater
layer shall be determined in accordance with AASHTO T 191-93, Density of Sgil'in Place by
the Sand Cone Method, AASHTO T 205-86, Density of Soil In-Place by the Rubber Balloon
Method, or AASHTO T 238- 97, Density of Soil and Soil-Aggregate In-Place by Nuclear
Methods (Shallow Depths), Method B and except that only one methadWillbe vseththrough
out the project. Moisture content shall be determined by AASHTO 2239-97,_ Muisture Content
of Soil and Soil-Aggregate In-Place by Nuclear Methods (Shallow Depth)

The aggregate separator layer shall be constructed in layers not éxceeding a compacted thickness
of 8-inches.

Water shall be applied uniformly over the materials during @ampaction in the amount necessary
to obtain the required density.

Control Strips

One or more control strips shall be'¢onsiructed at the beginning of work for the purpose of
determining the project’s compaction Teéguirements. Anadditional control strip shall be
constructed when a change is as@d@in the t¥pe or source of aggregate material, whenever a
change occurs in the compao§ition of the material from the same source or as directed. Each
control strip shall consist of an area of atffeast 335 m® (400 square yards) and shall be
constructed of the sam@matetial as that spécified for the construction of the project.

The control strip Shall be compacted by a minimum of two passes of the compaction equipment.
Compaction shall contihue until no appreciable increase in density is obtained by additional
passes,

Upon €ompletion 6f cémpaction, a minimum of ten (10) tests will be made at random locations
to deteithine@hic average in-place density of the control strip. In-place density of the control strip
shall b détermined in accordance with the current provisions of one of the AASHTO tests listed
above (AASHTO T 191-93, T 20-5-86, or T 238-97). If the average density of the material in
the control Strip is equal to or greater than 95 percent of the aggregate materials maximum
density, them the value of the average shall be the Average Reference Maximum Density for the
aggregate separator layer. If the control strip does not meet this density, the compaction
equipment and or its method of use shall be rejected.

87




Compaction Acceptance

For purposes of monitoring conformance to the compaction requirements, the aggregate
separator layer constructed on the project shall be divided into lots consisting of approximately
4,200 m* (5,000 sq. yd.) or less of area.

The engineer shall determine the average lot density of five (5) randomly selected locations in
the lot. This average lot density shall not be less than 95% of the Average Reference Maximum
Density in the control strip taken in accordance with the current provisions of onewf the
AASHTO tests listed above (AASHTO T 191-93, T 20-5-86, or T 238-97). If a 10¢ fails to meet
requirement, it shall be recompacted by the contractor at his expense and shall beg@submitted for
acceptance.

301.11(b) Shaping and Finishing

After the aggregate material has been compacted, the surface shallde shaped o the required
cross-sections. If the next layer consists of an-asphalt concrete material, the denge graded
aggregate base shall be covered with a primecoat.

301.12 Tolerances

301.12(a) Surface Variation

The surface tolerance shall be within a plus £ 10 mm (3/8"). Low areas shall be corrected by
adding material, grading and compactingt

301.12(b)Thickness

The thickness tolerance shalldbe within a plus + 13 mm (%2"). Thin areas shall be corrected by
adding material, grading aiid compacting.

301.13 Maintenande under Traffic

Maintenance of the aggregate separator layer shall be performed during its construction and until
theésContractor has entirely covered the course with pavement or the next layer .It shall be the
Contractons responsibilitipto maintain drainage of the job site such that any fine material is not
allowed to washhinto and ¢log any part of the drainage system.

88




Compensation

301.14 Method of Payment

Dense graded aggregate base material of the various thickness, will be measured by the square
meter (square yard). ' ‘ :

Payment will be made under:

« Pay Item
*® Dense graded aggregate base material
o Pay Unit

- square meter (square yard)
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APPENDIX E

GUIDE SPECIFICATIONS FOR EDGEDRAIN ACCEPTANCE
USING VIDEO INSPECTION

Description

This work involves scoping newly completed pipe edgedrain systems with a video eamera to
determine if the edgedrain system is adequate and functional.

Equipment

The video inspection equipment should consist of the following compefients:
Camera

The camera shall have high resolution, high sensitivity, waterproof, colér video camera
engineered to inspect pipes 75 mm (3 inches) to 150 mm (6 mches) imdiameter. The lighthead
and camera should be capable of negotiatin@yl 00 mapx 100 nim(4" x 4") tees. The light head
shall be capable of providing enough light to produce @ fime color picture of the entire surface
area periphery of the pipe. The camera shallinélude a detaghable centering device that will
center the camera during pipe inspections. :

Camera Control Unit

The portable color control unit should aclude a built¥in 200 mm (8 inches) color monitor and
controls including remote irigg@0€ns, vidéorinput/output, audio in with built-in speaker, and light
level intensity control. Ty VCR input/outpht jacks are provided for video recording as well as
tape playback verification though the bdilt-in monitor.

Metal Coiler and Push Rod with Counter

The, portable coiler shall contain at least 150 meters of integrated semi-rigid push rod and
électricabeable with an electro-mechanical distance counter.

Video Cassette Recorder

The video cassette recorder shall be a high quality four head industrial grade VHS type recorder
with audio dubbing, still frame, and slow speed capability.

Color Video Printer

A video printer shall be incorporated into the unit, which will allow the technician to obtain color
prints of pipe anomalies or problem arcas. This system shall provide direct electronic input from
the monitor control unit providing a high quality print.
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Generator

A compact portable generator shall be provided that is capable of producing 115 volts and the
necessary wattage to power the equipment.

Molded Transportation Case

A molded transportation case shall be provided to house the camera control unit, camera, video
cassette recorder, and color printer.

Frequency of Inspection

Video camera inspection shall be conducted on all accessible outlet logtionSmup to and.ineliiding
the mainline longitudinal connection. Additionally a minimum of 20% of the longitudinal pipes
shall be inspected to assure that both installation procedures and protéetiondimeasures have
produced a functional drainage system.

Inspections should be performed prior to project completion, but after potentially damagmg
construction operations are completed.

Where an outlet location is inaccessible with theé wideo camera, Wishal inspection shall include
the following as a minimum: slope of endwalls, pip€ outfall, conditions of the endwalls, and the
existence of rodent screens and outlet markers.

Procedures
Deficiencies found during thedfispéstion shall include, but not be limited to the following:

o Crushed or collapsed pipe (includin@ couplings or other pipe ﬁttlngs) that prevents passage
of the video cameré

» Pipe that is crushed or défosmed (ificluding splits and cracks) for a length of 10 meters (33
feet) or greater, but allows passage of the camera.

» _Any blockages ot sediment buildup caused by rodents nest, open connections, and cracks or
splilshin the pipe.

o Sags mthe lengitudinal profile as evidenced by ponding of water for continuous lengths of 3
el 0 feet)dorgicaies.

« Endwallé and/or outlet pipes that are sloped with less than a 2.0% positive slope towards the
outlet.

« Inadéquate outfall of less than 150 mm (6 inches) from the pipe outlet to the invert of the
bottorn of the ditch.

» Pipe thal has been penetrated by guard rail posts, sign posts, delineator posts, etc.

Deficiencies shall be noted on the inspection report with their corresponding location on the

project site, such as station numbers. If there are no deficiencies noted, or the deficiencies are
not deemed detrimental to the drainage system, an o.k. entry shall be made under remarks for the

91




particular outlet. Where deficiencies are noted that require corrective action, all efforts to locate
and mark the location of the pipe shall be made using the locator purchased with the camera
system. In addition, the length from the outlet to any deficiency should be recorded on the test
report using the footage counter furnished with the system.

Upon completion of the corrective measures, the deficient locations shall be reinspected and
satisfy the original requirements.

Adequate description should be given to each outlet inspected, including station humber,
direction of lane, location of outlet (median or shoulder), and size of pipe.

Where deficiencies are found, it is where video taping should be used. Data $hiould be entered
using the keyboard furnished with the camera system regarding the location“and date of the
inspection for incorporation into the video tape. The audio microplione shonld also bewised to
provide description of the deficiencies.

Reports
The attached form is suggested for reporting the inspection fifdings. As‘@'minimum, copies of

the inspection report shall be distributed €0 the Pafjéet Inspector, Resident Engineer, District
Construction Engineer, and the State Materials Engineer.

gz #*U.8. GOVERNMENT PRINTING OFFICE:2002-485-281/50192
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