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1.  PURPOSE.  ITEM P-626 EMULSIFIED ASPHALT SLURRY SEAL SURFACE TREATMENT, has been revised to
incorporate changes in material specifications, new materials, and construction practices for slurry seals bases on
International Slurry Surfacing Association (ISSA) recommendations.  ITEM F-162 CHAIN-LINK FENCES has been
changed to delete the requirement for 1000 hr salt spray test for material meeting ASTM F 1043 and to replace
ASTM F 1234 with ASTM F 1043, and to add composite posts as a material option.  ITEM D-702 SLOTTED DRAINS
has been added to provide standards for construction of slotted drains.  ITEM D-701 PIPE FOR STORM DRAINS AND
CULVERTS and ITEM D-705 PIPE UNDERDRAINS FOR AIRPORTS have been revised to add new materials.
ITEM D -751 MANHOLES, CATCH BASINS, INLETS AND INSPECTION HOLES has been revised to remove the
requirement for bituminous coatings on castings and to add Austempered steel as a material.

2.  PRINCIPAL CHANGES.  The following principal changes have been made:

a.  Paragraph 626-2.1 AGGREGATE has been changed to specify only two gradations, Type I and Type II.

b.  Paragraph 626-2.1a  Aggregate Tolerance has been added to specify tolerances for gradation.

c.  Paragraph 626-2.3 EMULSIFIED ASPHALT has been changed to specify SS, CSS, CQS, or QS type
emulsions.

d.  Paragraph 626-2.5 TACK COAT has been deleted.  The information regarding tack coat has been
included in CONSTRUCTION METHODS.

e.  Paragraph 626-3.1-3.4 COMPOSITION AND APPLICATION has been added as a section.  This
section specifies mix design and test section requirements.

f.  Paragraph 626-4.1 WEATHER LIMITATIONS has been revised to place 50 degrees F and falling (air
or pavement) or 45 degrees F and rising (air and pavement) as the allowable temperature minimums.

g.  Options for crack sealing, paint and rubber removal, and surface repair have been added to
Paragraph 626-4.4  PREPARATION OF EXISTING SURFACE.

h.  Pay items for crack sealing paint and rubber removal, and surface repair have been added to
paragraph 626-6.1.

i.  Paragraph F-162-2.3 has been changes to add composite post material and specifications, to delete the
requirement for 1000 hr salt spray test for galvanized steel or aluminum alloy material meeting Schedule 40 requirements
of ASTM F 1043, and to replace ASTM F 1234 with ASTM F 1043.

j.  Paragraph F-162-2.4 has been changes to add composite post material.
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k.  The note to the Engineer in paragraph F-162-3.6 has been revised to note that grounding may not be required
for composite posts.

l.  ASTM F 1043, ASTM G 23, ASTM G 26, and ASTM G 53 have been added to the list of Material
Requirements.

m.  ITEM D-702 SLOTTED DRAINS has been added to specify construction of steel slotted drains and
cast iron slotted vane drains

n.  AASHTO M 304 and ASTM F 949 have been added to Paragraph 701-2.2 PIPE.

o.  AASHTO M 304 has been added to Paragraph 705-2.1 GENERAL.

p.  The requirement for two coats of bituminous paint has been removed from
Paragraph 751-2.6 FRAMES, COVERS, AND GRATES and Austempered steel material has been added.

The change number and date are shown at the top of each page.
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ITEM  P-626   EMULSIFIED ASPHALT SLURRY SEAL SURFACE
TREATMENT

DESCRIPTION

626-1.1  This item shall consist of a mixture of emulsified asphalt, mineral aggregate, and water properly
proportioned, mixed, and spread on an asphalt prepared underlying course or existing wearing course in
accordance with these specifications and shall conform to the dimensions shown on the plans or as directed by the
Engineer.

MATERIALS

626-2.1  AGGREGATE.  The aggregate shall consist of sound and durable manufactured sand, slag, crusher
fines, crushed stone, or a combination thereof.  The aggregate shall be clean and free from vegetable matter, dirt,
and other deleterious substances.  The aggregate shall have a sand equivalent of not less than [45] percent when
tested in accordance with ASTM D 2419.  The aggregate shall show a loss of not more than [35] percent when
tested in accordance with ASTM C 131.  The sodium sulfate soundness loss shall not exceed [12] percent, or the
magnesium soundness loss shall not exceed [20] percent after 5 cycles when tested in accordance with ASTM C
88.  Aggregate shall be 100 percent crushed.

*******************************************************************************************
The sand equivalent should not be less than 45.  The percent loss when tested under ASTM C 131 should
not exceed 35.  The sodium sulfate loss should not exceed 12 percent; the magnesium sulfate loss should
not exceed 20 percent.  In certain specific cases, where aggregates complying with these requirements
cannot be economically obtained, aggregates with a higher percentage loss (15 percent using sodium
sulfate and 25 percent using magnesium sulfate has been used) or wear may be specified, provided a
satisfactory service record under similar conditions of service and exposure has been demonstrated.
*******************************************************************************************

The combined aggregate shall conform to the gradation shown in Table 1 when tested in accordance with
ASTM C 136 and ASTM C 117.

TABLE  1.    GRADATION OF AGGREGATES

Sieve Size Percent by Weight Passing Sieve

Type I Type II Type III

3/8 in. (9.5 mm) 100 100 100

No. 4 (4.75 mm) 100 90 - 100 70 - 90

No. 8 (2.36 mm) 90 - 100 65 - 90 45 - 70

No. 16 (1.18 mm) 65 - 90 45 - 70 28 - 50

No. 30 (600 micro m) 40 - 65 30 - 50 19 - 34

No. 50 (300 micro m) 25 - 42 18 - 30 12 - 25

No. 100 (150 micro m) 15 - 30 10 - 21 7 - 18

No. 200 (75 micro m) 10 - 20 5 - 15 5 - 15

Residual asphalt content
percent dry weight of
aggregate

10% - 16% 7.5% - 13.5% 6.5% - 12%

The job mix formula (mix design) shall be run using aggregate within the gradation band for the desired type
shown in Table 1.  Once the mix design has been submitted and approved, the aggregate used on the project shall
not vary by more than the tolerances shown in Table 2.  At no time shall the aggregate used go out of the gradation
bands in Table 1.
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The aggregate will be accepted at the job location or stockpile.  The stockpile will be accepted based on five
gradation tests samples in accordance with ASTM D 75.  If the average of the five tests is within the gradation
tolerances, then the materials will be accepted.  If the tests show the material to be out of tolerance, the Contractor
will be given the choice either to remove the material or blend other aggregates with the stockpile material to bring
it into specification.  Materials used in blending shall meet the quality tests before blending and shall be blended in
a manner to produce a consistent gradation.  This blending may require a new mix design.

Screening shall be required at the project stockpile site if there are any problems created by having oversize
materials in the mix.

Precautions shall be taken to prevent segregation of the aggregate in storing and handling.  The stockpile shall be
kept in areas that drain readily.

*******************************************************************************************
The aggregate gradation band applicable to a project shall be specified by the Engineer from the
gradations shown in Table 1.  The appropriate gradation shall be shown on the plans.  Type I gradation
is used for maximum crack penetration and is usually used in low density traffic areas where the
primary objective is sealing.  Type II and Type III gradations are used to seal and improve skid
resistance.  Type III gradation is not recommended for runway use by the ISSA.
*******************************************************************************************

a.  Aggregate Tolerance.  Once the mix design has been accepted, the aggregate gradation used on
the project may vary from the aggregate gradation used in the mix design on each sieve by the percentages
shown in Table 2.  If the project aggregate fails to remain within this tolerance, a new mix design will be
required by the Engineer at the expense of the Contractor.

Sieve Size Tolerance, percent by
weight passing sieve

3/8 in. (9.5 mm) + or - 5%
No. 4 (4.75 mm) + or - 5%
No. 8 (2.36 mm) + or - 5%
No. 16 (1.18 mm) + or - 5%
No. 30 (600 micro m) + or - 5%
No. 50 (300 micro m) + or - 4%
No. 100 (150 micro m) + or - 3%
No. 200 (75 micro m) + or - 2%

Residual Asphalt,
percent dry weight of
aggregate

+ or - 1%

626-2.2  MINERAL FILLER.  If mineral filler, in addition to that naturally present in the aggregate, is
necessary, it shall meet the requirements of ASTM D 242 and shall be used in the amounts required by the mix
design.  The mineral filler shall be considered as part of the aggregate.

626-2.3  EMULSIFIED ASPHALT.  The emulsified asphalt shall conform to the requirements of ASTM D [ 977
and/or 2397 ] and shall be SS, CSS, CQS, or QS  type emulsions.

*******************************************************************************************
The cement mixing test is waived for these slurry type emulsions.  The emulsified asphalt shall be either
anionic or cationic,  whichever is best suited to the aggregate and job conditions to be encountered.  The
type of emulsified asphalt  to use  will be determined by the mix design.  The Engineer shall specify the
type of emulsion and the controlling specification, which shall be from ASTM  D977 or D2397, and the
material shall be SS, CSS, CQS, or QS.
*******************************************************************************************
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626-2.4  WATER.  All water used in making the slurry shall be potable and free from harmful soluble salts and
chemicals.

COMPOSITION AND APPLICATION

626-3.1  COMPOSITION.  The slurry seal shall consist of a mixture of emulsified asphalt, mineral aggregate,
and water.

626-3.2  JOB MIX FORMULA.  No slurry seal for payment shall be placed until a mix design has been approved
by the Engineer.  The mix design shall be developed by a laboratory with experience in designing slurry seal mixes
and a signed copy shall be submitted in writing by the Contractor to the Engineer at least 10 days prior to the start
of operations.

The laboratory report (mix design) shall indicate the proportions of aggregates, mineral filler (min. and max.),
water (min. and max.) and asphalt emulsion based on the dry aggregate weight.  It shall also report the quantitative
effects of moisture content on the unit weight of the aggregate (bulking effects).  The mix design shall be in effect
until modified in writing by the Engineer.  Should a change in sources of materials be made, a new mix design
shall be established before the new material is used.

*******************************************************************************************
The main items of design in emulsified asphalt slurry seals are aggregate gradation, emulsified asphalt
content, and consistency of the mixture.  The aggregates, emulsified asphalt, and water should form a
creamy-textured slurry that, when spread, will flow ahead of the strike-off squeegee.  This will allow the
slurry to flow down into the cracks in the pavement and fill them before the strike-off passes over.  Technical
Bulletin No. 111, Outline Guide Design Procedure for Slurry Seal, and publication A105 Recommended
Performance Guidelines published by the International Slurry Surfacing Association (ISSA) contains
information to aid designers of slurry mixes.
*******************************************************************************************

The Contractor shall submit to the Engineer for approval a complete mix design on the materials proposed for use,
prepared and certified by an approved laboratory.  Compatibility of the aggregate, emulsion, mineral filler, and
other additives shall be verified by the mix design.  The mix design shall be made with the same aggregate and
grade of emulsified asphalt that the Contractor will provide on the project.  At a minimum the required tests and
values needed are as follows:

DESCRIPTION SPECIFICATION

ISSA  TB-100 Wet Track Abrasion Loss  50 g/ft²  Max
One Hour Soak (538 g/m²)

ISSA  TB-115 Determination of Slurry Pass
Seal Compatibility

626-3.3  APPLICATION RATE.  Unless otherwise specified, the slurry seal shall be applied to at the application
rates shown in Table 3 for that gradation of material used.

TABLE  3.  APLICATION RATES

Type I Type II Type III

Pounds of mixture per square yard 8 - 12 12 - 20 18 - 30

Kilograms of mixture per square
meter

4.3 - 6.5 6.5 - 10.9 9.8 - 16.3

The rate of application shall not vary more than +/- 2 pounds per square yard (+/-1.1 kilograms per square meter).

626-3.4  TEST SECTIONS.  Test sections shall be placed prior to the start of the slurry seal work in the presence
of the Engineer.  The test area will be designated by the Engineer and will be located on the existing pavement.
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Test strips shall be made by each machine after calibration.  Samples of the slurry seal may be taken and the mix
consistency verified by using ISSA TB-106 Slurry Seal Consistency test.  In addition, the  proportions of the
individual materials may be verified by the Engineer by using the calibration information provided after machine
calibration.  If any test does not meet specification requirements, additional tests shall be made at the expense of
the Contractor, until an acceptable test strip is placed.

CONSTRUCTION METHODS

626-4.1  WEATHER LIMITATIONS.  The slurry seal shall not be applied if either the pavement or air
temperature is below 50 °F (10 °C) and falling but may be applied when both pavement and air temperature are
above 45 °F (7 °C)  and rising.  No slurry seal shall be applied when there is danger that the finished product will
freeze before 24 hours.  The mixture shall not be applied when weather conditions prolong opening to traffic
beyond a reasonable time.

*******************************************************************************************
The Engineer should not specify a lower permissible temperature range than that stated in 626-4.1, since
slurry placed at lower temperatures usually will not cure properly due to poor dehydration and poor
asphalt coalescence.
*******************************************************************************************

626-4.2  EQUIPMENT AND TOOLS.  The Contractor shall furnish all equipment, tools, and machinery
necessary for the performance of this work.

a.  Slurry Mixing Equipment.  The machine shall be specifically designed and manufactured to lay
slurry seal.  The material shall be mixed by a self-propelled slurry seal mixing machine of either truck mounted or
continuous run design.  Either type machine shall be able to accurately deliver and proportion the aggregate,
emulsified asphalt, mineral filler, and water to a revolving mixer and discharge the mixed product on a continuous
flow basis.  The machine shall have sufficient storage capacity for materials to maintain an adequate supply to the
proportioning controls.

If continuous run equipment is used, the machine shall be equipped to allow the operator to have full control of the
forward and reverse speed of the machine during application of the slurry seal, with a self-loading device, with
opposite side driver stations, all part of original equipment manufacturer design.

The aggregate shall be prewetted immediately prior to mixing with the emulsion.  The mixing unit of the mixing
chamber shall be capable of thoroughly blending all ingredients.  No excessive mixing shall be permitted.  The
mixing machine shall be equipped with a fines feeder that provides an accurate metering device or method to
introduce a predetermined proportion of mineral filler into the mixer at the same time and location that the
aggregate is fed into the mixer.

The mixing machine shall be equipped with a water pressure system and fog-type spray bar adequate for complete
fogging of the surface with an application of 0.05 to 0.10 gallon per square yard (0.23 to 0.45 liter per square
meter) preceding the spreading equipment.

Sufficient machine storage capacity to mix properly and apply a minimum of 5 tons (4 500 kg) of the slurry shall
be provided.  Proportioning devices shall be calibrated prior to placing the slurry seal.

b.  Slurry Spreading Equipment.  The mixture shall be spread uniformly by means of a conventional
surfacing spreader box attached to the mixer and equipped to agitate and spread the material evenly throughout the
box.  A front seal shall be provided to insure no loss of the mixture at the surface contact point.  The rear seal shall
act as the final strike-off and shall be adjustable.  The spreader box and rear strike-off shall be so designed and
operated that a uniform consistency is achieved to produce a free flow of material to the rear strike-off.  The
spreader box shall have suitable means provided to side shift the box to compensate for variations in the pavement
geometry.  A burlap drag or other approved screed may be attached to the rear of the spreader box to provide a
uniform mat.
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c.  Auxiliary Equipment.  Other tools or equipment such as brushes, hand squeegees, hose equipment,
tank trucks, water distributors and flushers, power blowers, barricades, etc., shall be provided as required.

d.  Roller.  The roller, if required, shall be a self-propelled pneumatic-tired roller capable of exerting a
contact pressure during rolling of 50 pounds per square inch (350 000 Newton's per square meter).  It shall be
equipped with a water spray system, to be used if  the slurry is picking up on the tires during rolling.

e.  Tack Coat and Distributor.  Normally a tack coat is not required unless the surface to be covered is
extremely dry and raveled or is concrete or brick.  If required, the tack coat should consist of one part emulsified
asphalt and three parts water.  The emulsified asphalt may be the same as that used in the mix.  Pressure
distributors used for application of the diluted asphalt emulsion tack coat shall be self-propelled, equipped with
pneumatic tires, and capable of uniformly applying 0.05 to 0.15 gallon per square yard (0.23 to 0.68 liter per
square meter) of the diluted emulsion over the required width of application.  Distributors shall be equipped with
tachometers, pressure gages, and volume-measuring devices.  The tack coat shall be applied at least 2 hours before
the slurry seal but within the same day.

626-4.3  EQUIPMENT CALIBRATION.  Each slurry mixing unit to be used on the project shall be calibrated in
the presence of the Engineer prior to construction.  Previous calibration documentation covering the exact
materials to be used may be accepted by the Engineer provided they were made during the calendar year.  The
documentation shall include an individual calibration of each material at various settings, which can be related to
the machine's metering devices.  No machine will be allowed to work on the project until the calibration has been
completed and/or accepted.

626-4.4  PREPARATION OF EXISTING SURFACE.  Prior to placing the tack coat and slurry seal coat,
unsatisfactory areas shall be repaired and the surface shall be cleaned of dust, dirt, or other loose foreign matter,
grease, oil, excessive rubber accumulation, or any type of objectionable surface film.  Any standard cleaning
method will be acceptable except that water flushing will not be permitted in areas where considerable cracks are
present in the pavement surface.

Any painted stripes or markings on the surface of the runways or taxiways to be treated, shall be removed.

Cracks wider than 1/4 inch (6 mm) shall be cleaned with compressed air, and sealed with a compatible crack sealer
prior to applying the slurry seal.  Cracks wider than 3/4 inch (19 mm) should be pre-filled and sealed with the
slurry mixture prior to surfacing.  Cracks that show evidence of vegetation shall be cleaned and treated with an
approved herbicide.

626-4.5  APPLICATION OF SLURRY SEAL COAT.  The surface shall be prewet by fogging ahead of the
slurry spreader box.  Water used in prewetting the surface shall be applied at such a rate that the entire surface is
damp with no apparent flowing water in front of the slurry spreader box.  The slurry mixture shall be of the desired
consistency when deposited on the surface, and no additional elements shall be added.  Total time of mixing shall
not exceed  2 minutes.  A sufficient amount of slurry shall be carried in all parts of the spreader box at all times so
that complete coverage of all surface voids and cracks is obtained.  Care shall be taken not to overload the spreader
box which shall be towed at a slow and uniform rate not to exceed 5 miles per hour (8 kilometers per hour).  No
lumping, balling, or unmixed aggregate shall be permitted.  No segregation of the emulsion and fines from the
coarse aggregate will be permitted.  If the coarse aggregate settles to the bottom of the mix, the slurry shall be
removed from the pavement surface.  A sufficient amount of slurry shall be fed into the box to keep a full supply
against the full width of the spreader box.  The mixture shall not be permitted to overflow the sides of the spreader
box.  No breaking of the emulsion will be allowed in the spreader box.  The finished surface shall have no more
than four (4) tear or drag marks greater than 1/2 inch (13 mm) wide and 4 inches (100 mm) long in any 12 foot by
22 foot (25 sq. meter) section. It shall have no tear or drag marks greater than 1 inch (25 mm) wide and 3 inches
(15 mm) long.

The finished surface shall have no transverse ripples of 1/4 inch (6 mm) or more in depth, as measured with a
10 foot (3 meter) straight edge laid upon the surface.

Adjacent lanes shall be lapped at the edges a minimum of 2 inches (50 mm) with a maximum of 4 inches
(100 mm) to provide complete sealing at the overlap.  Construction longitudinal and transverse joints shall be neat
and uniform without buildup, uncovered areas, or unsightly appearance.  All joints shall have no more than
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1/4 inch (6 mm) difference in elevation when measured across with a 10 foot (3 meter) straight edge.

*******************************************************************************************
Generally, where normal traffic will iron out the slurry and close any hairline cracks of dehydration, it
is not necessary to roll a normal thickness, 1/4 inch (6 mm) or less, slurry seal.  However, in some
instances the, somewhat lattice-like structure of the slurry should be densified by pneumatic-tire rolling
to improve durability, such as areas subjected to severe braking or acceleration.  Rolling of the slurry
seal is at the option of the Engineer and, if required, shall be designated in the plans.

If rolling is required by the Engineer, the surface shall be subjected to a minimum of two full coverage
passes by the roller.  These rolling passes are to be done as soon as the slurry mixture will support the
roller without damage.  When the surface of the existing pavement is irregular or broken, it shall be
repaired or brought to uniform grade and cross section by patching as directed in the project plans.
With the exception of standard debris cleaning, all other repairs, crack sealing, and required removal of
materials shall be a line item in the bid and noted in the plans.
*******************************************************************************************

The fresh slurry seal application shall be protected by barricades and markers and permitted to dry for 4 to 24
hours, depending on weather conditions.  Any damage to uncured slurry shall be repaired at the expense of the
Contractor.

In areas where the spreader box cannot be used, the slurry shall be applied by means of a hand squeegee.  Upon
completion of the work, the seal coat shall have no holes, bare spots, or cracks through which liquids or foreign
matter could penetrate to the underlying pavement.  The finished surface shall present a uniform and skid resistant
texture satisfactory to the Engineer.  All wasted and unused material and all debris shall be removed from the site
prior to final acceptance.

Upon completion of the project, the Contractor shall sweep the finished surface with a conventional power rotary
broom, to remove any potential loose material from the surface.  The material removed by sweeping shall be
disposed of in a manner satisfactory to the Engineer.

*******************************************************************************************
The cured slurry shall have a homogeneous appearance, fill all cracks, adhere firmly to the surface and
have a skid resistant texture.  The slurry seal will not stop shrinkage and other large thermal cracks
from reflecting back through the new slurry surface.

*******************************************************************************************

626-4.6 EMULSION MATERIAL (CONTRACTORS RESPONSIBILITY).  Samples of the emulsion that the
Contractor proposes to use, together with a statement as to its source, shall be submitted, and approval shall be
obtained before using such material.  The Contractor shall submit to the Engineer a manufacturer's certified report
for each consignment of the emulsion.  The manufacturer's certified report shall not be interpreted as a basis for
final acceptance.  All such reports shall be subject to verification by testing samples of the emulsion as received for
use on the project.

 METHOD OF MEASUREMENT

626-5.1  The emulsified asphalt shall be measured by the [gallon (liter)] [ton (kg)].  Only the actual quantity of
undiluted emulsified asphalt will be measured for payment.

626-5.2  Aggregate shall be measured by the ton (kg) of dry aggregate.

[626-5.3  Crack sealing shall be measured by the lineal foot (meter) of cracks sealed.]

[626-5.4  Surface repair shall be measured by the ton (kg) or square measurement of material placed.]

[626-5.5  Paint and rubber removal shall be measured by the lineal foot (meter) or square measurement.]
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BASIS OF PAYMENT

626-6.1  Payment shall be made at the contract unit price per [gallon (liter)] (ton (kg)] for the emulsified asphalt
and at the contract price per ton (kg) for aggregate [and the contract unit price for crack sealing per lineal foot]
[and the contract unit price for surface repair per ton (kg) or square measurement] [and the contract unit
price for paint and rubber removal per lineal foot (meter) or square measurement].

These prices shall be full compensation for furnishing all materials, for preparing, mixing, and applying these
materials, and for all labor, equipment, tools, and incidentals necessary to complete the item.

Payment will be made under:

Item P-626-6.1 Emulsified Asphalt for Slurry Coat--per [gallon (liter)] [ton (kg)]

Item P-626-6.2 Aggregate--per ton (kg) of dry aggregate.

[Item P-626-6.3 Emulsified Asphalt for Tack Coat--per [gallon (liter)] [ton (kg)]]

[ Item P-626-6.4 Crack sealing -- per lineal [feet] (meter)

Item P-626-6.5 Surface Repair -- per [ton] (kg) or square measurement

Item P-626-6.6 Paint and Rubber removal -- per lineal foot (meter) or square measurement.
(meter) ]

TESTING REQUIREMENTS

ASTM C 88 Soundness of Aggregates by Use of Sodium Sulfate or
Magnesium Sulfate

ASTM C 117 Materials Finer than No. 200 Sieve in Mineral Aggregate by
Washing

ASTM C 128 Specific Gravity and Absorption of Fine Aggregate

ASTM C 131 Resistance to Abrasion of Small Size Course Aggregate by Use
of the Los Angeles Machine

ASTM C 136 Sieve or Screen Analysis of Fine and Coarse Aggregates

ASTM D 75 Sampling Aggregates

ASTM D 2419 Sand Equivalent Value of Soils and Fine Aggregate

ISSA International Slurry Surfacing Association, Washington, DC

ISSA A 105 Recommended Performance Guidelines

ISSA TB-100 Wet Track Abrasion Loss

ISSA TB-106 Slurry Seal Consistency

ISSA TB 111 Outline Guide Design Procedure for Slurry Seal

ISSA TB-115 Determination of Slurry
Seal Compatibility
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MATERIAL REQUIREMENTS

ASTM D 242 Mineral Filler for Bituminous Paving Mixtures

ASTM D 977 Emulsified Asphalt

ASTM D 2397 Cationic Emulsified Asphalt
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ITEM  F-162   CHAIN-LINK FENCES

DESCRIPTION

162-1.1  This item shall consist of furnishing and erecting a chain-link fence in accordance with these
specifications and the details shown on the plans and in conformity with the lines and grades shown on the plans
or established by the Engineer.

MATERIALS

162-2.1  FABRIC.  [The fabric shall be woven with a 9-gauge [galvanized steel wire] [polyvinyl chloride
(PVC)-coated steel] [aluminum alloy] [zinc-5% aluminum mischmetal] wire in a 2-inch (50 mm) mesh and
shall meet the requirements of [     ].]  [The fabric shall be woven from a [     ] gauge aluminum-coated steel
wire in a 2-inch (50 mm) mesh and shall conform to the requirements of ASTM A 491.]

*******************************************************************************************
Galvanized steel fabric shall conform to the requirements of ASTM A 392, Class 2.

Polyvinyl chloride-coated steel shall conform to the requirements of ASTM F 668, Class 2b.

Aluminum alloy fabric shall conform to the requirements of ASTM F 1183.

Zinc-5% aluminum mischmetal alloy coated steel shall conform to the requirements of
ASTM F 1345, Class 2.

The Engineer shall specify 9 or 10 gauge aluminum-coated wire.

Metallic-coated fabric shall have a clear acrylic coating applied to the selvage area after weaving.

*******************************************************************************************

162-2.2  BARBED WIRE.   Barbed wire shall be 2-strand 12-1/2 gauge [zinc-coated] [aluminum-coated] wire
with 4-point barbs and shall conform to the requirements of [     ].

*******************************************************************************************
Zinc-coated barbed wire shall conform to the requirements of ASTM A 121, Class 3, Chain
Link Fence Grade.

Aluminum-coated barbed wire shall conform to the requirements of ASTM A 585, Class II.

*******************************************************************************************

162-2.3  POSTS, RAILS AND BRACES.   Posts, rails, and braces furnished for use in conjunction with
zinc-coated, zinc-5% aluminum mischmetal alloy coated, or aluminum-coated steel fabric shall be of zinc-coated
steel, zinc/polymer-coated steel, zinc-5% aluminum mischmetal alloy coated steel framework, or composite posts.
Those furnished for use in conjunction with aluminum alloy fabric shall be aluminum alloy.

Line posts, rails, and braces shall be [galvanized steel pipe] [zinc/polymer-coated steel pipe] [vinyl-coated steel]
[structural shapes] [roll formed] [aluminum alloy] [composite posts] conforming to the requirements of [     ].

*******************************************************************************************
Galvanized steel pipe shall conform to the requirements of ASTM F 1083.

Zinc/polymer-coated steel pipe shall conform to the requirements of ASTM A 569 or ASTM A 446,
Grade D.  External coating shall be in accordance with ASTM F 1043, Type B.  Internal coating shall be
in accordance with ASTM F 1043, Type B or D.
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The steel used in all structural shapes shall conform to the requirements of ASTM A 572, Grade 45, and
shall be galvanized in accordance with the requirements of ASTM F 1043, Type A.

Roll-formed sections shall be fabricated from material meeting the requirements of ASTM A 570, Grade
45, and shall be galvanized in accordance with the requirements of ASTM F 1043, Type A, or coated
with zinc-5% aluminum-mischmetal alloy in accordance with ASTM F 1043, Type C.

Aluminum alloy shall conform to the requirements of ASTM B 429, alloy 6063-T6, Schedule 40, for
extruded pipe and tube.

Aluminum alloy shall conform to the requirements of ASTM B 221, alloy 6063-T6, for extruded bar,
shape, and tube.

Vinyl-coated steel shall conform to the requirements of Fed. Spec. RR-F-191/3.

Composite posts shall conform to the strength requirements of ASTM F 1043.  The strength loss of
composite posts shall not exceed 10 percent when subjected to 3,600 hours of exposure to light and water
in accordance with ASTM G 23, ASTM G 26, and ASTM G-53.

*******************************************************************************************

Post, rails, and braces, with the exception of galvanized steel (Schedule 40 weight) or aluminum alloy (Schedule 40
weight)  which conform to the requirements of ASTM F 1083, shall demonstrate the ability to withstand testing in
salt spray in accordance with ASTM B 117 as follows:

External:  1,000 hours with a maximum of 5% red rust.
Internal:    650 hours with a maximum of 5% red rust.

The dimensions of the posts, rails, and braces shall be in accordance with Tables I through VI of
Fed. Spec. RR-F-191/3.

162-2.4  GATES.  Gate frames shall consist of [galvanized steel pipe] [polymer-coated steel pipe] [aluminum
alloy pipe] [composite posts] and shall conform to the specifications for the same material under paragraph
162-2.3.  The fabric shall be of the same type material as used in the fence.

162-2.5  WIRE TIES AND TENSION WIRES.  Wire  ties for use in conjunction with a given type of fabric shall
be of the same material and coating weight identified with the fabric type.  Tension wire shall be 7-gauge
marcelled steel wire with the same coating as the fabric type and shall conform to ASTM A 824.

All material shall conform to Fed. Spec. RR-F-191/4.

162-6  MISCELLANEOUS FITTINGS AND HARDWARE.  Miscellaneous steel fittings and hardware for use
with [zinc-coated] [aluminum-coated] [zinc-5% aluminum-mischmetal alloy-coated] steel fabric shall be of
commercial grade steel or better quality, wrought or cast as appropriate to the article, and sufficient in strength to
provide a balanced design when used in conjunction with fabric posts, and wires of the quality specified herein.
[All steel fittings and hardware shall be protected with a zinc coating applied in conformance with ASTM A
153.] [Miscellaneous aluminum fittings for use with aluminum alloy fabric shall be wrought or cast
aluminum alloy.]  Barbed wire support arms shall withstand a load of 250 pounds (113 kg) applied vertically to
the outermost end of the arm.

162-2.7  CONCRETE.  Concrete shall be of a commercial grade with a minimum 28-day compressive strength of
2500 psi (17 240 kPa).

162-2.8  MARKING.  Each roll of fabric shall carry a tag showing the kind of base metal (steel, aluminum, or
aluminum alloy number), kind of coating, the gauge of the wire, the length of fencing in the roll, and the name of
the manufacturer.  Posts, wire, and other fittings shall be identified as to manufacturer, kind of base metal (steel,
aluminum, or aluminum alloy number), and kind of coating.
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CONSTRUCTION METHODS

162-3.1  CLEARING FENCE LINE.  All trees, brush, stumps, logs, and other debris which would interfere with
the proper construction of the fence in the required location shall be removed a minimum width of 2 feet (61 cm)
on each side of the fence centerline before starting fencing operations.  The cost of removing and disposing of the
material  shall not constitute a pay item and shall be considered incidental to fence construction.

162-3.2  INSTALLING POSTS.  All posts shall be set in concrete at the required dimension and depth and at the
spacing shown on the plans.

*******************************************************************************************
Posts should be spaced not more than 10 feet (3 m) apart and should be set a minimum of 36
inches (90 cm) in concrete footings.  If the frost depth is greater than 36 inches (90 cm), the
posts should be set accordingly.  The posts holes shall be in proper alignment so that there is
a  minimum of 3 inches (75 mm) of concrete  on all sides of the posts.

*******************************************************************************************

The concrete shall be thoroughly compacted around the posts by tamping or vibrating and shall have a smooth
finish slightly higher than the ground and sloped to drain away from the posts.  All posts shall be set plumb and to
the required grade and alignment.  No materials shall be installed on the posts, nor shall the posts be disturbed in
any manner within 7 days after the individual post footing is completed.

Should rock be encountered at a depth less than the planned footing depth, a hole 2 inches (50 mm) larger than the
greatest dimension of the posts shall be drilled to a depth of 12 inches (300 mm).  After the posts are set, the
remainder of the drilled hole shall be filled with grout, composed of one part Portland cement and two parts mortar
sand.  Any remaining space above the rock shall be filled with concrete in the manner described above.

In lieu of drilling, the rock may be excavated to the required footing depth.  No extra compensation shall be made
for rock excavation.

162-3.3  INSTALLING TOP RAILS.  The top rail shall be continuous and shall pass through the post tops.  The
coupling used to join the top rail lengths shall allow for expansion.

162-3.4  INSTALLING BRACES.  Horizontal brace rails, with diagonal truss rods and turnbuckles, shall be
installed at all terminal posts.

162-3.5  INSTALLING FABRIC.  The wire fabric shall be firmly attached to the posts and braced in the manner
shown on the plans.  All wire shall be stretched taut and shall be installed to the required elevations.  The fence
shall generally follow the contour of the ground, with the bottom of the fence fabric no less than 1 inch (25 mm) or
more than 4 inches (100 mm) from the ground surface.  Grading shall be performed where necessary to provide a
neat appearance.

At locations of small natural swales or drainage ditches and where it is not practical to have the fence conform to
the general contour of the ground surface, longer posts may be used and multiple strands of barbed wire stretched
thereon to span the opening below the fence.  The vertical clearance between strands of barbed wire shall be 6
inches (150 mm) or less.

*******************************************************************************************
Openings below the fence may also be spanned with barbed wire fastened to stakes.

The Engineer shall specify if tension wire is to be installed.
*******************************************************************************************

162-3.6  ELECTRICAL GROUNDS.  Electrical grounds shall be constructed [where a power line passes over
the fence] [at 500-foot (150 m) intervals].  [The ground shall be installed directly below the point of
crossing.]  The ground shall be accomplished with a copper clad rod 8 feet (240 cm) long and a minimum of 5/8
inch (15 mm) in diameter driven vertically until the top is 6 inches (150 mm) below the ground surface.  A No. 6
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solid copper conductor shall be clamped to the rod and to the fence in such a manner that each element of the fence
is grounded.  Installation of ground rods shall not constitute a pay item and shall be considered incidental to fence
construction.

*******************************************************************************************
The Engineer shall indicate the location of all electrical grounds on the plans.  Grounding may not
be necessary with the use of composite posts.

*******************************************************************************************

METHOD OF MEASUREMENT

162-4.1   Chain-link fence will be measured for payment by the linear foot (meter).  Measurement will be along the
top of the fence from center to center of end posts, excluding the length occupied by gate openings.

Gates will be measured as complete units.

BASIS OF PAYMENT

162-5.1  Payment for chain-link fence will be made at the contract unit price per linear foot (meter).

Payment for driveway or walkway gates will be made at the contract unit price for each gate.

The price shall be full compensation for furnishing all materials, and for all preparation, erection, and installation
of these materials, and for all labor equipment, tools, and incidentals necessary to complete the item.

Payment will be made under:

Item F-162-5.1 Chain-Link Fence--per linear foot (meter)

Item F-162-5.2 Driveway Gates--per each

Item F-162-5.3 Walkway Gates--per each

MATERIAL REQUIREMENTS

ASTM A 121 Zinc-Coated (Galvanized) Steel Barbed Wire

ASTM A 123 Zinc (Hot Galvanized) Coatings on Products Fabricated from Rolled, Pressed,
and Forged Steel Shapes, Plates, Bars, and Strip

ASTM A 153 Zinc Coating (Hot-Dip) on Iron and Steel Hardware

ASTM A 392 Zinc-Coated Steel Chain-Link Fence Fabric

ASTM  A 446 Specification for Steel Sheet, Zinc-Coated (Galvanized) by the Hot-Dip Process,
Structural (Physical) Quality

ASTM A 491 Aluminum-Coated Steel Chain-Link Fence Fabric
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ASTM A 569 Steel, Carbon (0.15 Maximum, Percent), Hot Rolled Sheet and Strip Commercial
Quality

ASTM A 570 Hot-Rolled Carbon Steel Sheet and Strip Structural Quality

ASTM A 572 High-Strength Low-Alloy Columbium-Vanadium Steels of Structural Quality

ASTM A 585 Aluminum-Coated Steel Barbed Wire

ASTM A 824 Metallic-Coated Steel Marcelled Tension Wire for Use With Chain Link Fence

ASTM B 117 Standard Test Method of Salt Spray (Fog) Testing

ASTM B 221 Aluminum-Alloy Extruded Bars, Rods, Wire Shapes and Tubes

ASTM F 668 Poly(vinyl Chloride)(PVC)-Coated Steel Chain-Link Fence

ASTM F 1043 Strength and Protective Coatings on Metal Industrial Chain Link Fence Framework

ASTM F 1083 Pipe, Steel, Hot-Dipped Zinc-coated (galvanized) Welded, for Fence Structures

ASTM F 1183 Aluminum Alloy Chain Link Fence Fabric

ASTM F 1234 Protective Coatings on Steel Framework for Fences

ASTM G 23 Operating Light-Exposure Apparatus (Carbon-Arc Type) With and Without Water for
Exposure of Nonmetallic Materials

ASTM G 26 Operating Light-Exposure Apparatus (Xenon-Arc Type) With and Without Water for
Exposure of Nonmetallic Materials

ASTM G 53 Operating Light- and Water-Exposure Apparatus (Fluorescent UV-Condensation Type)
for Exposure of Nonmetallic Materials

Fed. Spec. Fencing, Wire and Post, Metal (Chain-Link Fence Posts, Top Rails and Braces)
RR-F-191/3

Fed. Spec. Fencing, Wire and Post, Metal (Chain-Link Fence Accessories)
RR-F-191/4
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ITEM  D-701   PIPE FOR STORM DRAINS AND CULVERTS

DESCRIPTION

701-1.1  This item shall consist of the construction of pipe culverts and storm drains in accordance with these
specifications and in reasonably close conformity with the lines and grades shown on the plans.

MATERIALS

701-2.1  Materials shall meet the requirements shown on the plans and specified below.

701-2.2  PIPE.

Metallic Coated Corrugated Steel Pipe (Type I, IR or II) ASTM A 760
Galvanized Steel Corrugated Structural Plates

and Fasteners for Pipe, Pipe-Arches, and Arches ASTM A 761
Polymer Precoated Corrugated Steel Pipe for Sewers and Drains ASTM A 762
Post-Coated and Lined (Bituminous or Concrete)

Corrugated Steel Sewer and Drainage Pipe ASTM A 849
Fiber-Bonded Asphalt, Composite Coated, Corrugated Steel Pipe ASTM A 885
Corrugated Aluminum Alloy Culvert Pipe ASTM B 745
Vitrified Clay Pipe ASTM C 700
Non-Reinforced Concrete Pipe ASTM C 14
Reinforced Concrete Pipe ASTM C 76
Reinforced Concrete D-Load Pipe ASTM C 655
Reinforced Concrete Arch Pipe ASTM C 506
Reinforced Concrete Elliptical Pipe ASTM C 507
Precast Reinforced Concrete Box Sections ASTM C 789 and C 850
Poly (Vinyl Chloride) Ribbed Drain Pipe & Fittings ASTM F 794

Based on Controlled Inside Diameter
Poly (Vinyl Chloride) (PVC) Corrugated Sewer Pipe

With a Smooth Interior and Fittings ASTM F 949
Bituminous-Coated Corrugated Metal Pipe and Pipe Arches AASHTO M 190
Bituminous-Coated Corrugated Aluminum Alloy Culvert Pipe AASHTO M 190 and M 196
Bituminous-Coated Structural Plate Pipe, Pipe Arch, and Arches AASHTO M 167 and M 243
Aluminum Alloy Structural Plate for Pipe, Pipe Arch, and Arches AASHTO M 219
Polyvinyl Chloride (PVC) Pipe ASTM D 3034
Corrugated Polyethylene Drainage Tubing AASHTO M 252
Corrugated Polyethylene Pipe AASHTO M 294
Poly (Vinyl Chloride) (PVC) Profile Wall Drain Pipe and Fittings Based AASHTO M 304

on Controlled Inside Diameter

701-2.3  CONCRETE.  Concrete for pipe cradles shall have a minimum compressive strength of 2000 psi (13.8 MPa) at
28 days and conform to the requirements of ASTM C 94.

701-2.4  RUBBER GASKETS.  Rubber gaskets for rigid pipe shall conform to the requirements of ASTM C 443. 
Rubber gaskets for PVC pipe shall conform to the requirements of ASTM F 477.  Rubber gaskets for zinc-coated steel
pipe and precoated galvanized pipe shall conform to the requirements of ASTM D 1056, for the ``RE'' closed cell grades.

701-2.5  JOINT MORTAR.  Pipe joint mortar shall consist of one part portland cement and two parts sand.  The
portland cement shall conform to the requirements of ASTM C 150, Type I.  The sand shall conform to the requirements
of ASTM C 144.
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701-2.6  OAKUM.  Oakum for joints in bell and spigot pipe shall be made from hemp (Cannabis Sativa) line, or Benares
Sunn fiber, or from a combination of these fibers.  The oakum shall be thoroughly corded and finished.

701-2.7  JOINT FILLERS.  Poured filler for joints shall conform to the requirements of ASTM D 1190.

701-2.8  PLASTIC GASKETS.  Plastic gaskets shall conform to the requirements of AASHTO M 198 (Type B).

701-2.9  COMPRESSION JOINTS.  Materials for compression joints for vitrified clay pipe shall meet the requirements
of ASTM C 425.

*******************************************************************************************
ASTM C 789 and C 850 are primarily manufacturing specifications.  The box section dimensions,
compressive strength of the concrete, and reinforcement details shown in the specifications have
been designed for a combined earth dead load and AASHTO H 520 live load condition.  A
modified design will be necessary when aircraft loadings are greater than the H520 loading.

*******************************************************************************************

CONSTRUCTION METHODS

701-3.1  EXCAVATION.  The width of the pipe trench shall be sufficient to permit satisfactory jointing of the pipe and
thorough tamping of the bedding material under and around the pipe, but it shall not be less than the external diameter of
the pipe plus 6 inches (150 mm) on each side.  The trench walls shall be approximately vertical.

Where rock, hardpan, or other unyielding material is encountered, the Contractor shall remove it from below the
foundation grade for a depth of at least 12 inches (300 mm) or one-half inch (12 mm) for each foot of fill over the top of
the pipe (whichever is greater) but for no more than three-quarters of the nominal diameter of the pipe.  The width of the
excavation shall be at least 1 foot (30 cm) greater than the horizontal outside diameter of the pipe.  The excavation below
grade shall be backfilled with selected fine compressible material, such as silty clay or loam, and lightly compacted in
layers not over 6 inches (150 mm) in uncompacted depth to form a uniform but yielding foundation.

Where a firm foundation is not encountered at the grade established, due to soft, spongy, or other unstable soil, the
unstable soil shall be removed and replaced with approved granular material for the full trench width.  The Engineer shall
determine the depth of removal necessary.  The granular material shall be compacted to provide adequate support for the
pipe.

The excavation for pipes that are placed in embankment fill shall not be made until the embankment has been completed
to a height above the top of the pipe as shown on the plans.

701-3.2  BEDDING.  The pipe bedding shall conform to the class specified on the plans.  When no bedding class is
specified or detailed on the plans, the requirements for Class C bedding shall apply.

a.  Rigid Pipe.  Class A bedding shall consist of a continuous concrete cradle conforming to the plan details.

Class B bedding shall consist of a bed of granular material having a thickness of at least 6 inches (150 mm) below the
bottom of the pipe and extending up around the pipe for a depth of not less than 30 percent of the pipe's vertical outside
diameter.  The layer of bedding material shall be shaped to fit the pipe for at least 10 percent of the pipe's vertical diameter
and shall have recesses shaped to receive the bell of bell and spigot pipe.  The bedding material shall be sand or selected
sandy soil, all of which passes a 3/8 inch (9 mm) sieve and not more than 10 percent of which passes a No. 200 (0.075
mm) sieve.

Class C bedding shall consist of bedding the pipe in its natural foundation to a depth of not less than 10 percent of the
pipe's vertical outside diameter.  The bed shall be shaped to fit the pipe and shall have recesses shaped to receive the bell
of bell and spigot pipe.
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ASTM A 761Steel Galvanized, Corrugated Structural Plates and Fasteners for Pipe, Pipe-Arches, and Arches

ASTM A 762Precoated (Polymeric) Galvanized Steel Sewer and Drainage Pipe

ASTM A 849Post-Coated and Lined (Bituminous or Concrete) Corrugated Steel Sewer and Drainage Pipe

ASTM A 885Steel Sheet, Zinc and Aramid Fiber Composite Coated for Corrugated Steel Sewer, Culvert, and
Underdrain Pipe

ASTM B 745 Corrugated Aluminum Alloy Culvert Pipe

ASTM C 14 Concrete Sewer, Storm Drain, and Culvert Pipe

ASTM C 76 Reinforced Concrete Culvert, Storm Drain, and Sewer Pipe

ASTM C 94 Ready Mixed Concrete

ASTM C 144 Aggregate for Masonry Mortar

ASTM C 150 Portland Cement

ASTM C 425 Compression Joints for Vitrified Clay Pipe

ASTM C 443 Joints for Circular Concrete Sewer and Culvert Pipe, Using Rubber Gaskets

ASTM C 506 Reinforced Concrete Arch Culvert, Storm Drain, and Sewer Pipe

ASTM C 507 Reinforced Concrete Elliptical Culvert, Storm Drain and Sewer Pipe

ASTM C 655 Reinforced Concrete D-Load Culvert, Storm Drain and Sewer Pipe

ASTM C 700 Vitrified Clay Pipe, Extra Strength, Standard Strength, and Perforated

ASTM C 789 Precast Reinforced Concrete Box Sections for Culverts, Storm Drains, and Sewers

ASTM C 850 Precast Reinforced Concrete Box Sections for Culverts, Storm Drains, and Sewers with Less
than 2 feet of Cover

ASTM D 1056 Flexible Cellular Materials--Sponge or Expanded Rubber

ASTM D 1190 Concrete Joint Sealer, Hot Poured Elastic Type

ASTM D 3034 Type PSMPoly (Vinyl Chloride) (PVC) Sewer Pipe and Fittings

ASTM D 3212 Joints for Drain and Sewer Plastic Pipes Using Flexible Elastomeric Seals

ASTM F 477 Elastomeric Seals (Gaskets) for Joining Plastic Pipe

ASTM F 794 Poly (Vinyl Chloride) Ribbed Drain Pipe & Fittings Based on Controlled Inside Diameter

ASTM F 949 Poly (Vinyl Chloride) (PVC) Corrugated Sewer Pipe With a Smooth Interior and Fittings

AASHTO M 190 Bituminous-Coated Corrugated Metal Culvert Pipe and Pipe Arches

AASHTO M 196 Corrugated Aluminum Alloy Culverts and Underdrains

AASHTO M 198 Joints for Circular Concrete Sewer and Culvert Pipe Using Flexible Watertight Gaskets
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AASHTO M 219 Aluminum Alloy Structural Plate for Pipe, Pipe-Arches, and Arches

AASHTO M 243 Field Applied Coating of Corrugated Metal Structural Plate for Pipe, Pipe-Arches, and Arches

AASHTO M 252 Corrugated Polyethylene Drainage Tubing

AASHTO M 294 Corrugated Polyethylene Pipe

AASHTO M 304 Poly (Vinyl Chloride) (PVC) Profile Wall Drain Pipe and Fittings Based on Controlled Inside
Diameter
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ITEM  D-702   SLOTTED DRAINS

DESCRIPTION

702-1.1  This item shall consist of the construction of steel slotted drains or cast iron slotted vane drains in
accordance with these specifications and in reasonably close conformity with the lines and grades shown on the
plans.  Type detail shall be shown on the plans.

MATERIALS

702-2.1 GENERAL.  All slotted drains shall meet the requirements shown on the plans and specified below.  All slotted
drains shall meet specified hydraulic design requirements and shall support the loadings specified.

702-2.2 PIPE.

a.  Steel slotted Drain.  Pipe shall be metallic coated (galvanized or aluminized steel type II) corrugated
steel type I meeting the requirements of ASTM A760.  Pipe diameter and gage shall be as shown on the plans.

The corrugated steel pipe shall have a minimum of two rerolled annular ends.

b.  Cast Iron Slotted Vane Drain.  Polyvinyl Chloride (PVC) pipe shall meet the requirements of
ASTM D 3034.  Pipe diameter shall be as shown on the plans.  The pipe shall have an open slot to accept the cast
iron slotted vane drain castings.

702-2.3 GRATES AND CASTINGS.

a. Steel Slotted Drain.  Grates shall be manufactured from ASTM A 36 or A 570, Grade 36 steel.
Spacers and bearing bars (sides) shall be 3/16-inch (5 mm) material.  The spacers shall be welded to each bearing
bar with four 1-1/4-inch long 3/16-inch wide (32 mm long by 5 mm wide) fillet welds on each side of the bearing
bar at spacings not exceeding 6 inches (150 mm).  The grates shall be 6 inches (150 mm) high or as shown on the
plans and shall have a maximum 1-3/4-inch (45 mm) opening in the top.

Grates shall be galvanized in accordance with ASTM A 123 except with a 2 ounce per square foot (0.61 kg per
square meter) galvanized coating.

The grates shall be fillet welded to the corrugated steel pipe with a minimum weld 1 inch (25 mm) long on each
side of the grate at every other corrugation.  Weld areas and the heat affected zones where the slot is welded to the
corrugated pipe shall be thoroughly cleaned and painted with a zinc-rich paint in accordance with repair of
damaged coatings in ASTM A 760.

Each 20-foot (6.1 m) length of drain delivered to the job site shall be within the following tolerances: vertical bow
+/- 3/8 inch (9.5 mm), horizontal bow +/- 5/8 inch (16 mm), twist +/- 1/2 inch (12.5 mm).

b. Cast Iron Slotted Vane Drain.  Castings shall meet the requirements of ASTM A 48, Class 35B gray
iron.  Castings shall be furnished with no coatings.

Castings shall be designed to fit on open slots in 15-inch (380 mm) PVC pipe.  Casting sections shall not exceed
three feet (915 mm) in length.  Casting sections shall have a built-in vane configuration with bar spacings not
exceeding 6 inches (150 mm).  The opening at the surface shall not exceed 3-3/4 inches (95 mm), and the vane
shall be constructed on a radius so that the opening shall be less than 1-1/2 inches (38 mm) at a depth of 1-1/2
inches (38 mm) as measured vertically from the surface.  Casting sections shall integrally lock into the concrete by
use of top and bottoms flanges and shear tabs.  Castings shall accept bolts for bolting sections together and shall
accept wire for fitting to pipe.

*******************************************************************************************
The Engineer should note that certain standard details can be found in AASHTO AGC-ARTBA
publication “A Guide to Standardized Highway Drainage Products”.  All products used shall meet the
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strict airport loading and tire pressure  requirements.
*******************************************************************************************
702-2.3 CONCRETE.

a.  Steel Slotted Drain.  Concrete shall have a minimum compressive strength of 1,000 psi (6.9 Mpa) at
28-days when tested in accordance with ASTM C 39.

b.  Cast Iron Slotted Vane Drain.  Concrete shall have a minimum compressive strength of 3,000 psi
(20.7 Mpa) at 28-days when tested in accordance with ASTM C 39.

[702-2.3 CONCRETE.  Plain or reinforced concrete used shall conform to the requirements of Item P-610.]

*******************************************************************************************
If design requirements indicate the need for structural concrete, the Engineer should include
Item P-610 Structural Portland Cement Concrete.
*******************************************************************************************

CONSTRUCTION METHODS

702-3.1 EXCAVATION.  The width of the trench shall be sufficient to permit satisfactory installation and jointing
of the slotted drain and placing of a high slump concrete backfill material under and around the drain, but shall not
be less than the external pipe diameter plus 6 inches (150 mm) on each side.  The depth of the trench shall be a
minimum of 2 inches (51 mm) below the invert for steel slotted drain and 6 inches (150 mm) below the invert for
cast iron slotted vane drain.

The trench may be roughly shaped to the slotted drain bed.

702-3.2  INSTALLATION.  Steel slotted drain shall be laid in sections joined firmly together with coupling
bands, or as shown on the plans.  Cast iron drains shall be wired to the top of the PVC pipe in the slot cut in to
receive the castings.  The top of all drains shall be held firmly in place to the proper grade, to preclude movement
during the backfilling operation.

702-3.3  JOINING.  Slotted steel drain joints shall be firmly joined by modified hugger type bands, or as
indicated, to secure the pipe and prevent infiltration of the backfill.  When the slotted steel drain is banded
together, the adjacent grates shall have a maximum 3 inch (76 mm) gap.  Cast iron drains castings shall be bolted
together.

702-3.4  BACKFILLING.  Slotted drains shall be inspected before any backfill is placed.  Damaged drains shall
be aligned or replaced at the expense of the Contractor.

The slotted drain assembly shall be backfilled with concrete that will easily flow under and around the drain and
the trench wall. The opening in the top of grates and castings shall be covered to prevent unwanted material from
entering the drain during the backfilling and subsequent surfacing operations.

METHOD OF MEASUREMENT

702-4.1  The length of slotted drain shall be measured in linear feet (meters) of slotted drain in place, completed,
and approved.  It shall be measured along the centerline of the drain from end or inside face of structure to the end
or inside face of structure, whichever is applicable. The several classes, types, and sizes shall be measured
separately. All fittings shall be included in the footage as typical pipe sections being measured.

BASIS OF PAYMENT

702-5.1  Payment shall be made at the contract unit price per linear foot (meter) for each kind of slotted drain type
and size designated and at the contract unit price per cubic yard (cubic meter) of concrete for backfill.
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These prices shall be full compensation for all materials, all preparation, excavation and installation of these
materials; and all labor, equipment, tools, and incidentals necessary to complete the item.

Payment will be made under:

Item 702-5.1 [   ] inch (mm) diameter [     gage] pipe per linear foot (meter)

*******************************************************************************************
The Engineer shall include a pay item for each size and gage pipe specified for each drain type.
*******************************************************************************************

Item 702-5.2  Concrete for backfill-per cubic yard (cubic meter).

TESTING REQUIREMENTS

ASTM C 39 Compressive Strength of Cylindrical Concrete Specimens

MATERIAL REQUIREMENTS

ASTM A 36 Structural Steel

ASTM A 123 Zinc (Hot-Dipped Galvanized) Coatings on Iron and Steel Products

ASTM A 570 Steel, Sheet and Strip, Carbon, Hot-Rolled, Structural Quality

ASTM A 760 Corrugated Steel Pipe, Metallic-Coated for Sewers and Drains

ASTM D 3034 Polyvinyl Chloride (PVC) Pipe

Information A guide to Standardized Highway Drainage Products disseminated under the
sponsorship of the American Association of State Highway and Transportation Officials,
Associated General Contractors, and the American Road and Transportation Builders
Association
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ITEM  D-705   PIPE UNDERDRAINS FOR AIRPORTS

DESCRIPTION

705-1.1  This item shall consist of the construction of pipe drains in accordance with these specifications and in
reasonably close conformity with the lines and grades shown on the plans.

MATERIALS

705-2.1  GENERAL.  The pipe shall be of the type called for on the plans or in the proposal and shall be in accordance
with the following appropriate requirements.

Perforated Vitrified Clay Pipe ASTM C 700
Perforated Concrete Pipe ASTM C 444
Porous Concrete Pipe ASTM C 654
Polymer Precoated Perforated Corrugated Steel Pipe ASTM A 762
Perforated Corrugated Aluminum Alloy Pipe AASHTO M 196
Perforated, Laminated Wall Bituminized Fiber Pipe ASTM D 2418
Smooth-Wall Perforated PVC Pipe ASTM F 758
Poly (Vinyl Chloride) Ribbed Drain Pipe & Fittings

Based on Controlled Inside Diameter ASTM F 794
Poly (Vinyl Chloride)(PVC) Corrugated Sewer

Pipe With a Smooth Interior and Fittings ASTM F 949
Perforated Corrugated Steel Pipe ASTM A 760
Bituminous-Coated Perforated Corrugated AASHTO M 196

Aluminum Alloy Pipe     and M 190
Corrugated Polyethylene Drainage Tubing AASHTO M 252
Corrugated Polyethylene Pipe AASHTO M 294
Poly (Vinyl Chloride) (PVC) Profile Wall Drain Pipe  and AASHTO M 304
Fittings Based on Controlled Inside Diameter

705-2.3  JOINT MORTAR.  Pipe joint mortar shall consist of one part portland cement and two parts sand.  The
portland cement shall conform to the requirements of ASTM C 150, Type I.  The sand shall conform to the requirements
of ASTM C 144.

705-2.4  ELASTOMERIC SEALS.  Elastomeric seals shall conform to the requirements of ASTM F 477.

705-2.5  POROUS BACKFILL.  Porous backfill shall be free of clay, humus, or other objectionable matter, and shall
conform to the gradation in Table 1 when tested in accordance with ASTM C 136.

TABLE 1.  GRADATION OF POROUS BACKFILL

Percentage by Weight Passing SievesSieve Designation
(square openings) Porous Material No. 1 Porous Material No. 2

1-1/2 inch 100
1 inch (225.0 mm) 90 - 100
3/8 inch (9.5 mm) 100 25 - 60
No. 4 (4.75 mm) 95 - 100 5 - 40
No. 8 (2.36 mm) 0 - 20
No. 16 (1.18 mm) 45 - 80
No. 50 (0.30 mm) 10 - 30
No. 100 (0.15 mm) 0 - 10

When two courses of porous backfill are specified in the plans, the finer of the materials shall conform to particle size
tabulated herein for porous material No. 1.  The coarser granular material shall meet the gradation given in the tabulation
for porous material No. 2.
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CONSTRUCTION METHODS

705-3.1  EQUIPMENT.  All equipment necessary and required for the proper construction of pipe underdrains shall be
on the project, in first-class working condition, and approved by the Engineer before construction is permitted to start.

705-3.2  EXCAVATION.  The width of the pipe trench shall be sufficient to permit satisfactory jointing of the pipe and
thorough tamping of the bedding material under and around the pipe, but shall not be less than the external diameter of
the pipe plus 6 inches (150 mm) on each side.  The trench walls shall be approximately vertical.

Where rock, hardpan, or other unyielding material is encountered, it shall be removed below the foundation grade for a
depth of at least 4 inches (100 mm).  The excavation below grade shall be backfilled with selected fine compressible
material, such as silty clay or loam, and lightly compacted in layers not over 6 inches (150 mm) in uncompacted depth to
form a uniform but yielding foundation.

Where a firm foundation is not encountered at the grade established, due to soft, spongy, or other unstable soil, the
unstable soil shall be removed and replaced with approved granular material for the full trench width.  The engineer shall
determined the depth of removal necessary.  The granular material shall be compacted to provide adequate support for the
pipe.

Excavated material not required or acceptable for backfill shall be disposed of by the Contractor as directed by the
Engineer.  The excavation shall not be carried below the required depth; when this is done, the trench shall be backfilled
at the Contractor's expense with material approved by the Engineer and compacted to the density of the surrounding earth
material.

The bed for the pipe shall be so shaped that at least the lower quarter of the pipe shall be in continuous contact with the
bottom of the trench.  Spaces for the pipe bell shall be excavated accurately to size to clear the bell so that the barrel
supports the entire weight of the pipe.

The Contractor shall do such trench bracing, sheathing, or shoring necessary to perform and protect the excavation as
required for safety and conformance to governing laws.  Unless otherwise provided, the bracing, sheathing, or shoring
shall be removed by the Contractor after the completion of the backfill to at least 12 inches (300 mm) over the top of the
pipe.  The sheathing or shoring shall be pulled as the granular backfill is placed and compacted to avoid any unfilled
spaces between the trench wall and the backfill material.  The cost of bracing, sheathing, or shoring, and the removal of
same, shall be included in the unit price bid per foot (meter) for the pipe.

705-3.3  LAYING AND INSTALLING PIPE.

a.  Clay or Concrete Pipe.  The laying of the pipe in the finished trench shall be started at the lowest point and
laid upgrade.  When bell and spigot pipe is used, the bells shall be laid upgrade.  If tongue and groove pipe is used, the
groove end shall be laid upgrade.  Holes in perforated pipe shall be placed down, unless otherwise shown on the plans.
The pipe shall be firmly and accurately set to line and grade so that the invert will be smooth and uniform.  Pipe shall not
be laid on frozen ground.

Pipe which is not true in alignment, or which shows any settlement after laying, shall be taken up and relaid without extra
compensation.

b.  Metal and Fiber Pipe.  The metal pipe shall be laid with the separate sections joined firmly together with
bands, with outside laps of circumferential joints pointing upgrade, and with longitudinal laps on the sides.  Any metal in
the pipe or bands which is not protected thoroughly by galvanizing shall be coated with a suitable asphaltum paint.

The sections of bituminized-fiber pipe shall be securely fastened together with suitable fittings.  When the fiber couplings
are tapered, they shall provide a tight, driven fit.

During installation, the asphalt-protected pipe shall be handled without damaging the asphalt coating.  Any breaks in the
bitumen or treatment of the pipe shall be refilled with the type and kind of bitumen used in coating the pipe originally.
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Item D-705-5.1 [    ] inch [    ] per linear foot (meter)

Item D-705-5.2 Porous Backfill No. 1--per cubic yard (cubic meter)

Item D-705-5.3 Porous Backfill No. 2--per cubic yard (cubic meter)

*******************************************************************************************
The Engineer shall specify the size and type of pipe for each pipe size specified in the plans.

*******************************************************************************************

MATERIAL REQUIREMENTS

ASTM A 760 Corrugated Steel Pipe, Metallic-Coated for Sewers and Drains

ASTM A 762 Corrugated Steel Pipe, Polymer Precoated for Sewers and Drains

ASTM C 136 Sieve or Screen Analysis of Fine and Coarse Aggregates

ASTM C 144 Aggregate for Masonry Mortar

ASTM C 150 Portland Cement

ASTM C 444 Perforated Concrete Pipe

ASTM C 654 Porous Concrete Pipe

ASTM C 700 Vitrified Clay Pipe, Extra Strength, Standard Strength, and Perforated

ASTM D 2321 Underground Installation of Flexible Thermoplastic Sewer Pipe

ASTM D 2418 Perforated, Laminated-Wall Bituminized Fiber Pipe for Airport and Highway Drainage

ASTM D 3034 Type PSMPoly(Vinyl Chloride) (PVC) Sewer Pipe and Fittings

ASTM F 477 Elastomeric Seals (Gaskets) for Joining Plastic Pipe

ASTM F 758 Smooth-Wall Poly(Vinyl Chloride) (PVC) Plastic Underdrain Systems for Highway, Airport,
and Similar Drainage

ASTM F 794 Poly (Vinyl Chloride) Ribbed Drain Pipe & Fittings Based on Controlled Inside Diameter

ASTM F 949 Poly (Vinyl Chloride)(PVC) Corrugated Sewer Pipe with a Smooth Interior and Fittings

AASHTO M 190 Bituminous Coated Corrugated Metal Culvert Pipe and Pipe Arches

AASHTO M 196 Corrugated Aluminum Alloy Culverts and Underdrains

AASHTO M 252 Corrugated Polyethylene Drainage Tubing

AASHTO M 294 Corrugated Polyethylene Pipe, 12 to 24 in Diameter

AASHTO M 304 Poly (Vinyl Chloride) (PVC) Profile Wall Drain Pipe and Fittings Based on Controlled Inside
Diameter
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ITEM  D-751   MANHOLES, CATCH BASINS, INLETS AND
INSPECTION HOLES

DESCRIPTION

751-1.1  This item shall consist of construction of manholes, catch basins, inlets, and inspection holes, in accordance with
these specifications, at the specified locations and conforming to the lines, grades, and dimensions shown on the plans or
required by the Engineer.

MATERIALS

751-2.1  BRICK.  The brick shall conform to the requirements of ASTM C 32, Grade SM.

751-2.2  MORTAR.  Mortar shall consist of one part portland cement and two parts sand.  The portland cement shall
conform to the requirements of ASTM C 150, Type I.  The sand shall conform to the requirements of ASTM C 144.

751-2.3  CONCRETE.  Plain and reinforced concrete used in structures, connections of pipes with structures, and the
support of structures or frames shall conform to the requirements of Item P-610.

751-2.4  PRECAST CONCRETE PIPE MANHOLE RINGS.  Precast concrete pipe manhole rings shall conform to the
requirements of ASTM C 478.  Unless otherwise specified, the risers and offset cone sections shall have an inside diameter
of not less than 36 inches (90 cm) nor more than 48 inches (120 cm).

751-2.5  CORRUGATED METAL.  Corrugated metal shall conform to the requirements of AASHTO M 36.

751-2.6  FRAMES, COVERS, AND GRATES.  The castings shall conform to one of the following requirements:

a.  Gray iron castings shall meet the requirements of ASTM A 48, Class 30B and 35B.

b.  Malleable iron castings shall meet the requirements of ASTM A 47. 

c.  Steel castings shall meet the requirements of ASTM A 27.

d.  Structural steel for grates and frames shall conform to the requirements of ASTM A 283, Grade D.

e.  Ductile iron castings shall conform to the requirements of ASTM A 536.

f.  Austempered ductile iron castings shall conform to the requirements of  ASTM A 897.

All castings or structural steel units shall conform to the dimensions shown on the plans and shall be designed to support the
loadings, aircraft gear configuration and/or direct loading, specified.

Each frame and cover or grate unit shall be provided with fastening members to prevent it from being dislodged by traffic
but which will allow easy removal for access to the structure.

All castings shall be thoroughly cleaned.  After fabrication, structural steel units shall be galvanized to meet the
requirements of ASTM A 123.

751-2.7  STEPS.  The steps or ladder bars shall be gray or malleable cast iron or galvanized steel.  The steps shall be the
size, length, and shape shown on the plans and those steps that are not galvanized shall be given a coat of bituminous paint,
when directed.

CONSTRUCTION METHODS

751-3.1  UNCLASSIFIED EXCAVATION.

a.  The Contractor shall do all excavation for structures and structure footings to the lines and grades or
elevations, shown on the plans, or as staked by the Engineer.  The excavation shall be of sufficient size to permit the
placing of the full width and length of the structure or structure footings shown.  The elevations of the bottoms of
footings, as shown on the plans, shall be considered as approximately only; and the
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Engineer may order, in writing, changes in dimensions or elevations of footings necessary to secure a satisfactory
foundation.

b.  Boulders, logs, or any other objectionable material encountered in excavation shall be removed.  All rock
or other hard foundation material shall be cleaned of all loose material and cut to a firm surface either level, stepped,
or serrated, as directed by the Engineer.  All seams or crevices shall be cleaned out and grouted.  All loose and
disintegrated rock and thin strata shall be removed.  When concrete is to rest on a surface other than rock, special
care shall be taken not to disturb the bottom of the excavation, and excavation to final grade shall not be made until
just before the concrete or reinforcing is to be placed.

c.  The Contractor shall do all bracing, sheathing, or shoring necessary to implement and protect the
excavation and the structure as required for safety or conformance to governing laws.  The cost of bracing, sheathing,
or shoring shall be included in the unit price bid for the structure.

d.  Unless otherwise provided, bracing, sheathing, or shoring involved in the construction of this item shall
be removed by the Contractor after the completion of the structure.  Removal shall be effected in a manner which will
not disturb or mar finished masonry.  The cost of removal shall be included in the unit price bid for the structure.

e.  After each excavation is completed, the Contractor shall notify the Engineer to that effect; and concrete
or reinforcing steel shall be placed after the Engineer has approved the depth of the excavation and the character of
the foundation material.

751-3.2  BRICK STRUCTURES.

a.  Foundations.  A prepared foundation shall be placed for all brick structures after the foundation
excavation is completed and accepted.  Unless otherwise specified, the base shall consist of reinforced concrete
mixed, prepared, and placed in accordance with the requirements of Item P-610.

b.  Laying Brick.  All brick shall be clean and thoroughly wet before laying so that they will not absorb any
appreciable amount of additional water at the time they are laid.  All brick shall be laid in freshly made mortar.
Mortar that is not used within 45 minutes after water has been added shall be discarded.  Retempering of mortar shall
not be permitted.  An ample layer of mortar shall be spread on the beds and a shallow furrow shall be made in it
which can be readily closed by the laying of the brick.  All bed and head joints shall be filled solid with mortar.  End
joints of stretchers and side or cross joints of headers shall be fully buttered with mortar and a shoved joint made to
squeeze out mortar at the top of the joint.  Any bricks that may be loosened after the mortar has taken its set, shall be
removed, cleaned, and relaid with fresh mortar.  No broken or chipped brick shall be used in the face, and no spalls
or bats shall be used except where necessary to shape around irregular openings or edges; in which case, full bricks
shall be placed at ends or corners where possible, and the bats shall be used in the interior of the course.  In making
closures, no piece of brick shorter than the width of a whole brick shall be used; and wherever practicable, whole
brick shall be used and laid as headers.

c.  Joints.  All joints shall be slushed with mortar at every course, but slushing alone will not be considered
adequate for making an acceptable joint.  Exterior faces shall be laid up in advance of backing.  Exterior faces shall
be back plastered or pargeted with a coat of mortar not less than 3/8-inch (9 mm) thick before the backing is laid up.
Prior to pargeting, all joints on the back of face courses shall be cut flush.  Unless otherwise noted, joints shall be not
less than 1/4-inch (6 mm) nor more than 1/2-inch (12 mm) wide and whatever width is adopted shall be maintained
uniform throughout the work.

d.  Pointing.  Face joints shall be neatly struck, using the weather joint.  All joints shall be finished properly
as the laying of the brick progresses.  When nails or line pins are used the holes shall be immediately plugged with
mortar and pointed when the nail or pin is removed.

e.  Cleaning.  Upon completion of the work all exterior surfaces shall be thoroughly cleaned by scrubbing
and washing down with water and, if necessary to produce satisfactory results, cleaning shall be done with a
5% solution of muriatic acid which shall then be rinsed off with liberal quantities of clean fresh water.

f.  Curing and Cold Weather Protection.  In hot or dry weather, or when directed by the Engineer, the
brick masonry shall be protected and kept moist for at least 48 hours after laying the brick.  Brick masonry
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MATERIAL REQUIREMENT

ASTM A 27 Mild to Medium-Strength Carbon-Steel Castings for General Application

ASTM A 47 Malleable Iron Castings

ASTM A 48 Gray Iron Castings

ASTM A 123 Zinc (Hot-Galvanized) Coatings on Products Fabricated from Rolled, Pressed, and
Forged Steel Shapes, Plates, Bars and Strip

ASTM A 283 Low and Intermediate Tensile Strength Carbon Steel Plates, Shapes, and Bars

ASTM A 536 Ductile Iron Castings

ASTM A 897. Austempered Ductile Iron Castings

ASTM C 32 Sewer and Manhole Brick

ASTM C 144 Aggregate for Masonry Mortar

ASTM C 150 Portland Cement

AASHTO M 36 Zinc Coated (Galvanized) Corrugated Iron or Steel Culverts and Underdrains


