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SECTION 200
CLEARING AND GRUBBING

200.1. Description. Clearing and grubbing shall consist of removing, cutting and
disposing of all brush, vegetation, logs, stumps, rubbish and other materials occurring
within the limits of the improvement which will interfere with the excavation or which
are unsuitable to be left in the roadway foundation. This shall also include the cutting,
removing and disposing of all trees and stumps except those that will not interfere with
the construction and not shown on the plans. The Contractor shall exercise due care in
his construction operations to prevent marring or scarring of trees that are to remain.
Stumps and roots in excavated or fill areas where depth of excavation or fill does not
exceed three (3) feet shall be removed to a depth of eighteen (18) inches below subgrade.
In fill areas where more than three (3) feet of embankment is required, trees and stumps
shall be cut off at the surface of the ground.

Contractor shall do all clearing necessary for performance of his work and shall
confine his operations to that area provided through easements, licenses, agreements, and
rights-of-way. The Contractor’s entrance upon any lands outside of that area provided by
easements, licenses, agreements, or public rights-of-way, shall be at the Contractor’s sole
liability.

At least two weeks prior to the start of construction, property owners shall be
notified by the Contractor of the proposed starting date. The purpose of this notification
is so that the property owners can remove any small plants or flowers that they, the
property owners, desire to save.

200.2. Payment. There shall be no direct payment for this item unless specified.

The entire cost and expense of the item shall be included by the Contractor in the price
per cubic yard for Excavation.
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SECTION 201

EXCAVATION AND EMBANKMENT FOR STREET AND STORM SEWERS

201.1. Description. Excavation shall consist of removing all materials necessary
for the proper construction of the work and disposing of this material in a satisfactory
manner as approved or directed by the Engineer. Embankment shall be formed of
suitable material taken from roadway and drainage excavation, borrow excavation and
excavation for structures, and placed in successive horizontal layers distributed uniformly
over the full width of the cross section. Embankment shall be made of sufficient height
and width so that at the time of acceptance by the City, they will conform to the typical
section shown on the plans.

201.2. Classification of Excavated Materials. In these specifications, excavating
1s divided into two classifications, earth and rock, which shall cover all materials
encountered. The determination and classification of such excavated materials will be
based on the following definitions:

a. Earth excavation will include all materials not otherwise classified.
Decomposed or disintegrated shale which, in the opinion of the Engineer can be
effectively plowed, spaded, or removed with power driven excavating equipment,
as well as blacktop pavement and gravel base, will be classified as earth.

b. Rock excavation is defined as being sandstone, limestone, flint, granite,
quartzite, or similar material, in masses measuring more than one (1) cubic yard
in volume or in ledges four (4) inches or more in thickness, and which requires
blasting or jack hammering for its practical and effective removal. Should rock
be encountered in two (2) or more ledges, each ledge being not less than three (3)
inches thick and with inter-lying strata or earth not over twelve (12) inches thick
in each stratum, the entire volume from the top of the top ledge to the bottom of
the bottom ledge of rock will be classified as rock.

201.3. General. After all stripping has been done, excavation of every
description and of whatever substances encountered within the clearing limits of the
project shall be performed to the lines and grades indicated on the drawings. All suitable
excavated material shall be transported to and placed in fill areas within the limits of the
work as specified and shown on the drawings. All excavated materials which are
considered unsuitable by the Engineer and any surplus of excavated material which is not
required for fill will be known as "waste" and shall be disposed of by the Contractor at
his own expense and responsibility and to the satisfaction of the Engineer. Any
additional fill material required which is not available from excavation within the project
area shall be supplied by the Contractor. All such material brought to the site by the
Contractor shall be subject to the approval of the Engineer. During construction,
excavation and fill shall be performed in a manner and sequence that will provide
positive drainage at all times.

a. Unsuitable Material is defined as muck, frozen material, organic material,
top soil, rubbish, and rock with a maximum dimension greater than 24 inches.
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b. Suitable Material. Suitable material is defined as entirely imperishable
with that portion passing the No. 40 sieve having a liquid limit not exceeding 40
and a plastic index not exceeding 25, when tested in accordance with ASTM D-
423 and D-424, respectively.

1. Rock Embankment. Material for rock embankment shall be free of
unsuitable material and shall contain, by volume, greater than 10 percent
rock or gravel having a maximum dimension greater than 3 inches but not
greater than 24 inches.

2. Earth Embankment. Material for earth embankment shall be free of
unsuitable material and shall, contain by volume, less than 10 percent rock
or gravel having a maximum dimension greater than 3 inches.

201.4. Excavation for Structures. All structures shall be founded on undisturbed
subsoil. Unauthorized excavation below the specified structure subgrade shall be
replaced with concrete, at the expense of the Contractor.

Excavation shall be made in open cut to alignment and depth as shown on the
profiles and drawings, except as otherwise indicated in the specifications and drawings.
The Contractor shall make all necessary excavations for work included in this Contract.

Excavation for manholes, curb inlets, junction boxes and similar structures shall
be sufficient to leave at least twelve (12) inches in the clear between their outer surfaces
and the embankment or timber which may be used to hold and protect the excavation. In
all cases the clearance between the outer face of structures and the surrounding
excavation shall be sufficient to allow the proper performance of the work including the
plastering of exterior wall surfaces where required by the specifications or plans.

The Contractor shall not open more trench in advance of construction than
necessary to expedite the work, and in no case shall the length of open trench be greater
than 300 feet. The trench shall be backfilled at the end of each day except as may be
required to begin the next day’s work. In no case shall more than ten (10) feet of pipe be
left exposed. Trenches in the road shall be plated with steel sheets or patched with cold
patch overnight. Plates shall be properly anchored and all edges of the plate shall be
ramped with asphalt surface mix to prevent rattling.

Wherever necessary to prevent caving, the excavation shall be adequately sheeted,
braced and drained so that workmen may work therein safely and efficiently. An
engineered plan shall be submitted to Public Works for any sheeting, cribbing or bracing.
Where trench bottom is in rock, the excavation limits shall allow solid rock to be exposed
and cleaned of all loose material and cut to a firm surface before any foundation concrete
is placed.

Whenever wet or otherwise unstable soil that is incapable of properly supporting
the structures, as determined by the Engineer, is encountered such soil shall be removed
to the depth required and the excavation backfilled to the proper grade with coarse sand,
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fine gravel, or other suitable material as may be authorized. All excavations for
structures shall be kept dry and no pipe or reinforcing steel shall be installed in water and
no water shall be permitted to inundate the reinforcing steel before concrete has been
placed. All excavations shall be kept dewatered to the extent that water will not come in
contact with any concrete within twelve (12) hours after placing. When excavations are
carried below ground water elevations such excavations shall be dewatered by lowering
and maintaining the ground water level at least twelve (12) inches below such
excavations during all construction, including subgrade excavation, placing of reinforcing
steel or pipe, placing of concrete, plastering of masonry, and shall be maintained in a dry
condition until all concrete has been placed and allowed to harden for at least twelve (12)
hours as specified above.

201.5. Excavation for Roadway. Grading shall conform to the typical sections
shown on the drawings and shall be finished within a tolerance of one-half (1/2) inch of
the grades indicated. Any soft and unsatisfactory material within the limits of the
pavement areas shall be removed and disposed of as directed by the Engineer, and the
basis of payment shall be the same as for excavation. Fill material required in excess of
that produced by normal grading operations shall be excavated from areas indicated on
the drawing or as directed by the Engineer. Excavated material not acceptable for use as
fill shall be disposed of by the Contractor at his own expense as directed by the Engineer.

Cut compaction shall be performed at proposed roadway pavement after removal
of the roadway excavation material to the required section. A surface parallel to the
pavement slope, 12 inches below the bottom of the pavement or lowest base course, shall
be temporarily exposed for the full width below roadway inslopes. The exposed material
shall be manipulated and compacted to no less than the required density to a depth of 6
inches. The material above this compacted plane shall be spread in layers not exceeding
8-inch loose thickness, each layer being wetted or dried as necessary and compacted to
the specified density. The entire volume of material so handled and compacted,
including the 6-inch layer compacted in place, will be considered as Cut Compaction.
All cut compaction shall be tested per 201.11.b.

Cut compaction shall be performed an additional depth of 12 inches for 50 feet on
each side of the intersection of the natural ground and the top of the subgrade, then
uniformly graded for 30 feet to meet the depth requirements above.

The existing ground for the full width between roadway slopes under
embankments less than 18 inches high shall have cut compaction to a depth to ensure that
18 inches of material of the required density and moisture is below the top of the finished
grade.

201.6. Excavation for Storm Sewers.

a. General. The Contractor shall perform all excavation of every description
and of whatever substances encountered to the depths indicated on the drawings
or as otherwise specified. During excavation, material suitable for backfilling
shall be piled in an orderly manner a sufficient distance from the banks of the
trench to avoid overloading and to prevent slides or cave-ins. All excavated
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materials not required or suitable for backfill shall be removed and disposed of off
the site, by and at the expense of the Contractor. Such grading shall be done as
may be necessary to prevent surface water from flowing into trenches or other
excavations, and to maintain the flow of water in natural water courses on or
adjacent to the site. Any water accumulating in trenches or other excavations,
shall be removed by pumping or by other approved methods. Unless otherwise
indicated or authorized, excavation shall be by open cut. The use of excavation
machinery will be permitted except in places where operation of same will cause
damage to trees, buildings, or existing structures above or below ground, in which
case hand methods shall be employed.

b. Trench Bracing and Sheeting. If trench box construction is used, the
trench box shall not extend below the top of the pipe. An engineered plan shall be
submitted to Public Works for any sheeting, cribbing or bracing. The plan must
be approved by the Engineer prior to beginning work.

C. Dewatering of Trenches. During excavation, pipe laying and jointing, or
other work necessary for the installation of the storm sewers, trenches shall be
kept free from water and in a workable condition. Where the trench bottom is
found to be unstable or unsatisfactory because of water, and in all cases where the
trench bottom falls below the ground water level by means of well points, pumps
or by other means acceptable to the Engineer a sufficient amount to keep the
trench free from water and the trench bottom stable at any time that work within
the trench is in progress. As specified herein before the Contractor shall take all
necessary measures to prevent surface water from entering the trench and he shall
further take all necessary measures to prevent the inundation or damage to any
private property or structures adjacent to the site of the work.

d. Trench Alignment and Grade. The alignment, depth, and grade of all
storm sewer trenches shall be maintained as shown on the drawing. Establish
required uniform line and grade in trench from benchmarks identified by the
Engineer. Maintain this control for minimum of 100 feet behind and ahead of
pipe-laying operation. Use laser beam equipment to establish and maintain proper
line and grade of work.

e. Trench Width. Width shall be no wider than is necessary for the proper
jointing of the pipe and in no case shall exceed the trench widths in the
corresponding bedding details, unless specifically authorized by the Engineer.

f. Unauthorized Trench Widths. Where trench widths as specified above,
are exceeded for any reason other than by order of the Engineer, either special
pipe embedment, concrete cradle, concrete encasement, or other suitable methods
shall be required as demanded by loading conditions and as ordered by the
Engineer. Any additional work required, as stipulated above, as a result of
unauthorized over excavation shall be performed by and at the expense of the
Contractor.

g. Preparation of Pipe Subgrade. Pipe subgrade shall be prepared after rough
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trenching is complete and shall be done with hand tools immediately prior to
installing pipe. The bottom of the trench shall be prepared so as to provide
uniform support of the bottom quadrant of the pipe and bell holes or depression
shall be hand excavated where bell and spigot pipe is used. The trench bottom
shall be evenly graded as indicated on the plans and areas which are too high shall
be shaved as required. Any portions of the trench bottom which are found to be
too low shall be filled with suitable material, thoroughly rammed and tamped and
brought to true grade.

h. Replacement of Unsuitable Pipe Foundation Material. Where, in the
opinion of the Engineer, the trench bottom is found to be of a wet or otherwise
unstable material or where it is impossible to provide proper bearing for the pipe,
or where it is found to be impossible to carry on construction operation due to the
condition of the trench bottom, the Contractor shall remove all unstable or
unsuitable material to a depth of not less than four (4) inches below the elevation
of the pipe subgrade over the entire width of the trench and shall replace and
backfill with a suitable finely divided material of acceptable quality and
sufficiently damp for proper compaction. Such material shall be thoroughly
compacted by tamping or rolling over the entire width of the trench and shall be
brought to proper grade and shape and the proper elevation for the installation of
the pipe as shown on the plans.

201.7. Blasting. Contractor is responsible to comply with all regulations and
permitting for blasting.

All excavated rock or shale which cannot be handled and compacted as earth shall
be kept separate from earth and shall not be mixed with other backfill except as specified
and directed.

201.8. Excavation through Pavement. Pavement, pavement base course, concrete
walks, and concrete curbing shall be cut and removed only where shown on the plans,
where specified or where directed and authorized by the Engineer. Cuts shall be no
larger than necessary to provide adequate working space for installation of the pipe
appurtenance or structure, except where other miscellaneous removals are required on the
drawings. Payment for removal of concrete pavement, sidewalk, floor slabs, and curbing
shall be made according to the unit prices shown in the bid form. Measurement of
quantities so removed shall be as specified hereinafter in the applicable sections.

All cuts in pavement, walks or curbing shall be neatly sawn and shall be straight
and parallel to existing construction joints. Any pavement, curbing, gutter or sidewalks,
the removal of which was not required in conjunction with construction under this
Contract, which is damaged due to construction operations by the Contractor shall be
removed and replaced by the Contractor in first class manner, as hereinafter specified, at
his own expense.

201.9. Protection of Existing Utilities. Due care must be taken not to disturb inlet
covers, manhole frames, valve boxes, fire plugs, house connections or private water
pipes. If not set to the proper grade they will be adjusted by the various City
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Departments or public utility corporations or private Owners, unless otherwise directed
by the Engineer.

The Contractor will be held responsible for any damage done to house
connections or private water pipes and accessories, if two (2) feet or more below top of
curb and one (1) foot or more back of face line of curb, in the case of street construction,
or if two (2) feet or more below the grade of finished pavement in connection with alley
construction.

201.10. Pavement Replacement. All pavement, curbing, gutter, or
sidewalks removed during construction of the project for any reason shall be replaced
unless otherwise shown on the drawings or directed by the Engineer, the replacement
construction conforming in type, quality, and dimensions to that of the portion so
removed. Replacement shall conform to City patching details where applicable.

201.11. Embankment.

a. Preparation of Ground Surface for Fill. All vegetation, such as roots,
brush, heavy sod, heavy growth or grass, and all decayed vegetable matter,
rubbish, and other unsuitable material within the area upon which fill is to be
placed shall be stripped or otherwise removed before the fill is started. In no case
will such objectionable material be allowed to remain in or under the fill area.
Sloped ground surfaces steeper than one (1) vertical to four (4) horizontal on
which fill is to be placed, shall be plowed, stepped (benched), or broken up in
such manner that the fill material will bond with the existing surface.

b. General. Where filling is required to raise the subgrade under areas to be
paved or surfaced, all fill materials shall consist of earth or other approved
material. All organic or other undesirable material shall be removed. Where
embankments, regardless of height, are placed against hillsides or existing
embankments, either of which have a slope steeper than 1 vertical to 4 horizontal,
the existing slope shall be benched or stepped in approximately 24 inch rises as
the new fill is brought up in 8 inch maximum layers or lifts. The material bladed
out, the bottom of the area cut into, and the embankment material being placed,
shall be compacted to the required density. Material cut out, bladed into place
and compacted shall not be measured and paid for directly but will be considered
as incidental work.

All fill under paved surfaces such as streets and parking lots shall be
compacted by a power roller or other approved equipment and the subgrade
brought to a reasonably true and even plane. Earth used for fill shall be placed in
layers not more than eight (8) inches thick, an uncompacted measurement, and
shall be compacted as specified before the next layer is placed. Each layer shall
be wetted or dried as necessary, and shall be compacted to the required density.
Regardless of the type of equipment used, the roadway shall be compacted
uniformly and the surface kept reasonably smooth at all times. If large pieces of
heavy clay are encountered, the material shall be broken down by suitable
manipulation to permit satisfactory embankment construction. If shale is
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encountered, the shale shall be broken down as much as practical and compacted
at or above optimum moisture.

Each layer shall be uniformly spread, moistened as required, and then
compacted to ninety percent (90%) of maximum density, obtained at the optimum
moisture content, as determined by AASHTO Method T-99-38. The top eighteen
(18) inches shall be compacted to ninety-five percent (95%) of maximum density.
The field density of the lift will be determined in accordance with AASHTO T
191 or T 205, using the total material or T238, Method B Direct Transmission, for
wet density. If nuclear density methods are used, moisture content will be
determined in accordance with AASHTO T239. One test shall be taken for every
1,000 linear feet or fraction thereof for each lift. Testing is to be done by a third
party independent testing agency or by the Contractor if the Contractor has
demonstrated to the Engineer that Contractor employs qualified persons and
maintains qualified equipment to conduct density testing. Test results shall be
furnished on forms acceptable to Engineer. Contractor shall proof roll the final
lift of fill material in accordance with the proof rolling requirements of Section
205.2. Costs of all testing and retesting are the responsibility of the Contractor.

201.12. Backfill.

Classification of backfill materials. Backfill materials in these specifications shall
conform to the Standard Installation Direct Design (SIDD) categories per the chart
below.

SIDD Soil USCS Standard AASHTO
Gravelly Sand (Category I) | SW, SP, GW, GP Al, A3
Sandy Silt (Category II) GM, SM, ML, A2, A4
Also GC with less than
20% passing #200 sieve
Silty Clay (Category III) CL, MH, GC, SC AS, A6
a. Roadway Backfill. After completion of roadway, curb and gutter, and

other construction below the elevation of final grades, all forms shall be removed
and the excavation shall be cleaned of trash and debris. Backfill shall be free of
all objectionable material and shall be placed in horizontal layers not more than
eight (8) inches thick, and shall have a proper moisture content for the required
degree of compaction. All parking areas, driveways, streets, and other paved
areas shall be backfilled with approved material and compacted to ninety-five
percent (95%) of maximum density obtained at the optimum moisture content.
Testing is to be done by a third party independent testing agency or by the
Contractor if the Contractor has demonstrated to the Engineer that Contractor
employs qualified persons and maintains qualified equipment to conduct density
testing. Test results shall be furnished on forms acceptable to Engineer. Tests
shall be taken once for every 1,000 linear feet or fraction thereof for each lift.
Costs of all testing and retesting shall be borne by the Contractor.
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Backfilling and grading behind curbs shall be performed to the lines and grades
indicated on the drawings. The backfilled area shall provide a smooth, even
transition from the existing lawn grades to the curb and shall be done so as to
assure desired drainage.

When indicated on the plans and included as a bid item, the top four (4) inches of
backfill behind curbs shall be topsoil, free from rocks, gravel, and any undesirable
material. This material may be either topsoil available within the limits of the
project or it may be topsoil furnished by the Contractor. Payment for topsoil will
be made on the basis of the bid quantity, except when:

Errors are found in the original computation or ground elevations.
An authorized change in grade or typical section is made.

An unauthorized deviation decreases the quantities on the plans.

All driveways, paved or unpaved, which are disturbed by grading or excavation of
any kind shall be graded and shaped to provide a reasonable approach, and shall
upon completion of the job be left in passable condition. All driveway
approaches except those which the Owner is having paved at the time of this
Contract shall receive four (4) inches of crushed rock to the extent of the portion
disturbed. Crushed rock shall be a maximum size of one (1) inch surface rock.

b. Trench Backfill

1. Materials. All materials which are to be compacted by tamping or
rolling, including all tamped embedment, shall be free from sticks, large
roots, or other organic matter coarser than grass roots, stones, hard lumps,
and clods, and shall have a moisture content such that optimum
compaction is obtained when properly tamped or rolled.

Granular material for replacement of unsuitable foundation material
removed from trench bottoms shall consist of coarse sand, lime gravel,
and shall be free from dust, clay, and other materials which would cause
the materials to crack or cake. When tested with square mesh laboratory
sieves, not less than ninety-five percent (95%) shall pass a three-eighths
(3/8) inch sieve and not more than five percent (5%) shall pass a No. 10
sieve.

Flowable backfill shall be a Controlled Low Strength Material (CLSM).
CLSM shall be composed of Portland cement, fly ash (optional), fine
aggregate, coarse aggregate (optional), water, and a shrinkage
compensator. Cement shall be either Type I or Type II Portland cement.
Mixing water shall be potable. Air entrainment admixture shall consist of
an organic compound which will result in air contents as prescribed by
ASTM C 173 or C 231. Fine aggregate shall be washed and consist of
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clean, hard, durable and uncoated particles of natural or manufactured
sand or a combination thereof, with or without mineral filler. Aggregate
shall be free of injurious amounts of salt, alkali, vegetable matter or other
objectionable material. Coarse aggregate shall be sound, durable, clean
rock or broken concrete (2 to 8 square) to minimize the quantity of
CLSM. The CLSM shall be placed to a depth of 2 feet then coarse
aggregate may be added to the CLSM mixture until the top of the CLSM
and top of aggregate are approximately equal. The process may be
repeated until the fill is completed. CLSM shall be removable (less than
100 PSI) and comply with the following mix design:

Cement 144 lbs
Water 396 1bs
Sand 2,698 1bs
Air entrainment 13%

Where CLSM is being placed over or adjacent to crushed stone backfill, a
layer of filter fabric shall be installed between the two materials.

Inundated sand backfill is not acceptable.

2. Compaction. All backfill shall be thoroughly compacted by
pneumatic tampers, or other approved methods, to the original state of
consolidation of the soil encountered. Backfill shall be placed in
uncompacted lifts not to exceed six (6) inches and each lift shall be
thoroughly and adequately compacted. Care shall be exercised not to
disturb the pipe when placing backfill. The compacted earth backfill shall
be brought to an elevation of approximately six (6) inches below the
finished surface grade and then surface grade or paving constructed.
Testing shall be similar to that required at embankments per 201.11.b
except that tests shall be taken once for every three hundred (300) linear
feet of trench or fraction thereof for every other lift. Backfill using 34”
clean aggregate does not require testing.

After backfill and compaction is complete trenches shall be leveled off
and grading shall be performed as is necessary to restore yards or other
grassed or sodded areas to their original condition or better.

Backfill under pavements shall be flowable fill. Flowable fill shall be
placed from a maximum of one foot (1”) above top of utility to the
underside of pavement base course. If pavement does not have a base
course, stop flowable fill six inches (6) below bottom of pavement and
provide a six inch (6”) cushion course of 17 clean aggregate.

Structure Backfill. Backfilling of all structures shall be permitted only
after an adequate curing time, as determined by the Engineer, has elapsed.

All excavations shall be backfilled to the lines and grades shown on the
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drawings. In no instance shall backfill be dumped, bull-dozed, or
otherwise deposited in bulk upon the newly-constructed structure. After
the required curing time, the excavation shall be backfilled by depositing,
entirely without shock and with careful pneumatic tamping, suitable earth,
sand, or other acceptable material in lifts not to exceed six (6) inches in
compacted thickness. Backfill shall be deposited at approximately the
same elevation on opposite sides of the structure and shall be compacted
in place to a density equal to or greater than ninety-five percent (95%) of
maximum density as determined by the Standard AASHTO Method T-99-
38. Inundated sand backfill shall not be used.

No trench backfill material containing rock, or debris from rock
excavation, shall be placed in the upper eighteen (18) inches of the
excavation except with the specific permission of the Engineer. Large
stones may be placed in the remainder of the trench backfill only if well
separated and so arranged that no interference with backfill compaction
will result.

Any deficiency in the quantity of material for backfilling the excavation,
or for filling depressions caused by settlement, shall be supplied by the
Contractor. All excavated material in excess of that necessary to fill the
trench to the grade shown on the drawings shall be removed and disposed
of by the Contractor.

Responsibility of Contractor for Backfill Settlement. The Contractor shall
be responsible for the satisfactory compaction and maintenance thereof,
for all trenches and structural excavation of any description required under
this Contract. Contractor shall warrant their work for a period not less
than the correction period from the date of acceptance. If prior to the
expiration of this warranty, any trenches or other excavations are found to
have settled they shall immediately be reworked by the Contractor and
restored to the specified grades. Any sod, paving, or other surfacing
damaged by settlement of trenches shall be replaced by and at the expense
of the Contractor.

Method of Measurement and Basis of Payment.

Roadway Excavation. Final measurement of roadway excavation will not

be made unless otherwise designated in the Contract. A partial check of existing ground
elevations will be made at the time slope stakes are set, and of the finished work for
deviations in the grade, widths or slopes from the authorized grade or typical section.
Plan quantities will be used for final payment of Earth Excavation except when:

Errors are found in the original computation or ground elevations.
An authorized change in grade or typical section is made.

Unauthorized deviations decrease the quantities on the plans.
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e Rock Excavation is encountered. Roadway excavation will be re-
computed for these sections where the ground elevations shown on the
plans are found to be erroneous. No re-computation of plan quantities will
be made when the actual ground elevations are considered to generally
agree with the ground line shown on the plans. Where the Engineer
authorized a change in grade or typical section affecting the volume of
excavation, the volume of excavation allowed for payment will be
determined by the average end area method on the basis of the revised
grade or typical section. Where unauthorized deviations result in a
decrease in the quantities the plans, the deviations will be measured and
deducted from the plan quantity. The volume of rock excavation will be
determined by the average end area method. The volume of earth
excavation allowed for payment will be the total volume of roadway
excavation shown on the plans or the revised quantity, regardless of
classification, minus the measured volume of rock excavation.

Basis of Payment. Payment for roadway excavation will be made at the Contract
unit price per cubic yard (for each class of excavation) which price shall be full
compensation for the excavating and hauling; placing and forming of embankments;
preparation of subgrade; clearing grubbing, and any work noted on the plans to be
included in the price bid for excavation. Payment will be made under:

Item No. 201.1. Earth excavation, per cubic yard.
Item No. 201.2 . Rock excavation, per cubic yard.

b. Trenching.

1. Earth. Payment for all trench excavation and backfill in earth shall
be included in the Contractor's unit price per lineal foot for storm sewer
construction as set forth in the proposal. Such unit price shall include cost
of all equipment, labor, and materials used in conjunction with the
trenching operations. Payment will be made under:

Item No. 201.3. Storm sewer construction, per lineal foot.

2. Rock. Payment for all trench excavation and backfill encountered
in rock, as defined in this section of the specifications, shall be made at the
unit price per cubic yard for rock excavation, storm sewer as set forth in
the proposal. Upper pay limit for rock excavation shall be the top surface
of the rock and lower pay limit shall be the bottom stratum or layer of the
rock or the flow line of the pipe, whichever is higher in elevation. Width
limit for payment for rock excavation shall be per pipe embedment details
540.01 and 540.02. Payment will be made under:

Item No. 201.4. Rock excavation, storm sewer, per cubic yard.
c. Structural Excavation.

1. Earth. Payment for all earth excavation and backfill required in
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constructing drainage structures such as catch basins, curb inlets, junction
boxes, and headwalls, shall be included in the unit price for each such
structure as set forth in the proposal. Payment for earth excavation and
backfill required in construction of the reinforced concrete boxes and
retaining walls shall be included in the unit price for structural reinforced
concrete as set forth in the proposal. No separate pay item for this
structural earth excavation shall be included in the Contract.

2. Rock. Where rock, as defined herein, is encountered in the
excavation for structures such as those listed above, it shall be paid for at
the unit price per cubic yard for rock excavation, storm sewer as set forth
in the proposal. Upper and lower pay limits shall be as defined
hereinbefore for trenching in rock and the later limits shall be defined as
vertical planes spaced eight (8) inches outside the walls of any structure.
Payment will be made under:

Item No. 201.5. Rock excavation, storm sewer, per cubic yard.

d. Crushed Rock for Driveways. Crushed rock for driveway

approaches shall be paid at the Contract unit price per ton for crushed rock in
place. Payment will be made under:

Item No. 201.6. Crushed rock for driveway approaches, per ton.

e. Topsoil for Backfill in Lawns. Topsoil for backfill in lawns shall

be paid at the Contract unit price per cubic yard for topsoil in place. Payment will
be made under:

Item No. 201.7. Topsoil for backfill in lawns, per cubic yard.
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SECTION 202
BORROW EXCAVATION

202.1. Description. If the filling is in excess of excavation the Contractor shall
secure the necessary material from such borrow pits as may be indicated on the plans, or
if no such location is indicated, or if the amount in the indicated location is insufficient,
he shall furnish material satisfactory to the Engineer.

202.2. Methods in Borrow Excavations. If the Contractor places more borrow
than is required, thereby causing a waste of excavation, the amount of such waste shall be
deducted from the borrow as measured in the borrow pit. Borrow material shall not be
placed until after the roadway excavation has been placed in the fill. All borrow pits
shall be neatly trimmed and left in such shape as to permit reasonably accurate
measurement after the excavation has been completed.

202.3. Method of Measurement. Final measurements of borrow area will not be
made.

202.4. Basis of Payment. The plan quantities will be used for final payment of
borrow excavation in cubic yards.

The foregoing work, which includes all material, equipment, tools, labor,
compaction and work incidental thereto, will be considered as completely paid for by the

Contract price per cubic yard under:

Item 202.1. Borrow excavation, per cubic yard.
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SECTION 203

SEEDING AND MULCHING

203.1 Description. This section covers the operations necessary to produce
established grass covered areas, including preparation of the soil surface, application of
starter fertilizer, seeding, sodding, compacting and maintenance.

All areas with vegetation cover that are disturbed by construction operations,
either by grading, parking of equipment, trenching, or any other operation that destroys
the existing vegetative cover shall be seeded or sodded as specified herein.

a. Seeding. All disturbed existing vegetated areas shall be seeded, including
grassy areas, and pasture lands.

b. Sodding. All disturbed areas shall be seeded unless specifically noted on
the plans and Contract documents. In cases where sod is required, the
type of sod to be used shall follow the requirements of section 204

Disturbed areas outside the authorized construction limits shall be seeded
and mulched, or sodded at the Contractor’s expense.

203.2. Personnel and Equipment. All work shall be performed by personnel who
are experienced and qualified in the work required, utilizing equipment such as fertilizer
spreader, farm tractor with tilling equipment, and power drawn precision brillion-type
seeder designed to uniformly distribute the seed, cover, and firm the soil in one operation.

203.3. Submittals. The Contractor shall furnish to the Engineer in duplicate a
typed and signed statement which certifies that each container of seed delivered to the
Contractor for this project is fully labeled in accordance with the Federal Seed Act and is
at least equal to the requirement for seed listed in the seed paragraph of this specification.
This certification shall appear on or with all copies of invoices for the seed.

203.4. Materials.

a. Topsoil shall consist of a fertile, friable soil of loamy character, free of
sub-soil, clay, hard clods, stones, pebbles and other similar material.
Topsoil shall be placed at a depth of four (4) inches. Topsoil shall contain
a normal amount of natural humus and be reasonably free of roots, sand,
noxious weed seeds, sticks, brush and other litter. The topsoil shall be
obtained from well-drained, arable land, and be of an even texture so that
all the soil will pass a %2 inch screen. The topsoil shall not be infested with
nematodes or with any other noxious animal life or toxic substances.
Topsoil shall exhibit an acidity range (pH) of 6.0 to 8.5.

b. Seed shall be labeled in accordance with U.S. Department of Agriculture
Rules and Regulations under the Federal Seed Act and shall comply with
the requirements of the Missouri Seed Law.
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The pure live grass seed mixture to be used in lawn and undeveloped areas
shall be as follows:

Type % of Mi?(ture Minirpum Mini.mum
by Weight Purity Germination
Ultimate Tall Fescue 30% 99% 90%
Fine Lawn Elite Tall 30% 98% 90%
Fescue
Falcon Four Tall Fescue 20% 99% 90%
Annual Rye 20% 99% 90%

The percent of mixture by weight is for pure live seed (PLS). Weed seed
shall not exceed 1.0% by weight of the mixture. A certification of the
mixture shall be furnished to the Engineer prior to seeding.

Fertilizer shall be a mixture containing 5.5 pounds of soluble nitrogen, 16
pounds of phosphorous and 16 pounds of potash per 100 pounds.

Agricultural lime material shall be used for soil neutralization with not
less than 90% passing the No. 8 sieve.

Mulch shall consist of the application of a vegetative covering of one of

the

1.

following types:

Type I Mulch shall be the cereal straw from stalks of oats, rye, wheat
or barley, which is clean, bright, and free of mold. The straw mulch
shall be dry and relatively free of undesirable seed and foreign
material.

Type II Mulch shall be as specified above for Type I mulch except that
it shall also include the application of an overspray material consisting
of virgin wood cellulose fibers or recycled slick paper as herein
specified. The overspray shall be green in color after application and
shall have the property to be evenly dispersed and suspended when
agitated in water. When sprayed uniformly over vegetative mulch, the
mulch fibers shall form an absorbent cover, allowing percolation of
water to the underlying soil. The mulch shall be packaged in moisture
resistant bags with the net weight of the packaged material plainly
shown on each bag. The mulch fibers shall not be water soluble.

Virgin wood cellulose fibers shall be produced by either the ground or
cooked fiber process and shall have the following properties:

Moisture Content, Percent by Weight (maximum) 15%
Organic Matter-Wood Fiber, Percent by Weight (minimum) 80%
Ph 4.3-8.5
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203.5.

Recycled slick paper mulch shall be produced from printers slick paper
containing wood cellulose and kaolin clay. Recycled newsprint or
cardboard will not be allowed. The material shall be free of other
material or fillers and shall have the following properties:

Moisture Content, Percent by Weight (maximum) 8%
Ph 4.5-6.5

The Contractor shall furnish certification from the manufacturer that
the overspray mulch material complies with these specifications.

3. Type III Mulch shall be material consisting of virgin wood cellulose
fibers as herein specified. The mulch shall be green in color after
application and shall have the property to be evenly dispersed and
suspended when agitated in water. When sprayed uniformly over the
soil surface, the mulch fibers shall form an absorbent cover, allowing
percolation of water to the underlying soil. The mulch shall be
packaged in moisture resistant bags with the net weight of the
packaged material plainly shown on each bag.

Virgin wood cellulose fibers shall be produced by either the ground or
cooked fiber process and shall have the following properties:

Moisture Content, Percent by Weight (maximum) 15%
Organic Matter-Wood Fiber, Percent by Weight (minimum) 80%
Ph 4.3-8.5

The Contractor shall furnish certification from the manufacturer that the
mulch material complies with these specifications.

Construction Requirements

Seeding shall not be placed from October 16 to December 31. Full seeding
shall only be placed from January 1 to May 15 and from August 15 to
October 15. Seeding shall not be placed on frozen or snow covered
ground. Partial seeding shall be placed from May 16 to August 14. Type
IT mulch shall be used with partial seeding. The application rates for
partial seeding are as shown below:

Lime 100% of the specified quantity
Fertilizer 75% of the specified quantity
Seed 50% of the specified quantity

When partial seeding is placed, the remainder of the fertilizer plus
75% of the specified quantity of seed shall be applied by hydraulic
overseeding from August 16 thru October 15. Hydraulic overseeding
shall be applied over the existing Type II mulch. Seed and fertilizer,
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separately or in combination, shall be mixed with water, and
constantly agitated so that a uniform mixture can be applied
hydraulically to the specified areas. The ratio of seed and fertilizer to
water shall be calculated to achieve the specified coverage rates using
a total of 500 gallons of water per acre applied in 2 applications. Seed
shall not be added to the water more than 4 hours before application.

. For Type I or Type II Mulch: Seedbed preparation in lawn areas shall
be accomplished by grading the disturbed areas and adding at least 4
inches of topsoil. The surface on which the topsoil is to be placed
shall be free of all loose rock and foreign material greater in any
dimension than 1/2 the depth of the topsoil to be added and the surface
shall be loosened with a disc harrow just prior to being covered with
topsoil. Topsoil shall be placed and spread to a depth sufficiently
greater than specified so that after settling, the completed work will
conform with the elevations shown on the plans. After spreading, all
large clods and foreign material shall be removed by the Contractor.

Seedbed preparation in undeveloped areas shall be accomplished by:
tilling to a depth of 4 inches with a disc harrow, followed by
smoothing with a weighted spike tooth harrow. After smoothing, all
rocks and clods greater in any dimension than 2 inches, and all foreign
material shall be removed by the Contractor. Designation of areas as
lawn or undeveloped will be determined by the condition of the area at
the start of construction.

Before final raking, areas to be seeded shall be limed at the rate of 92
pounds per 1,000 square feet of area and fertilized with the specified
mixture by spreading evenly at the rate of 7 pounds per 1,000 square
feet of area. Both operations shall be performed by using a
mechanical spreader of the rotary type. The area shall then be raked to
a smooth, even surface and the soil loosened to a depth of one inch in
preparation for the seed. No seed or mulch shall be placed until the
Engineer accepts the grade and seedbed.

Seeding shall be accomplished by using a mechanical spreader. The
seed mixture shall be evenly distributed over the area at the rate of 5
pounds per 1,000 square feet. Immediately after the seeding is
completed, all seeded areas shall be mulched as described below for
that type of mulch specified.

1. Type I Mulch must be applied in an even layer approximately 1/4

inch in depth. Immediately after placement of the mulch, the entire
mulched area shall be thoroughly saturated with water.
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2. Type I Mulch shall be applied same as for Type I Mulch with the
addition of an overspray. The overspray shall be hydraulically applied
as a separate operation at the rate of 750 pounds per acre. The
overspray material shall be mixed with water in a manner to provide a
homogeneous slurry. Equipment for mixing and applying the slurry
shall be capable of applying it uniformly over the entire vegetative
mulched area. The slurry mixture shall be agitated during application
to keep the ingredients thoroughly mixed.

c. For Type III Mulch: Seedbed preparation shall be accomplished in the
same manner as for Type I and II mulch up to the point of seeding.
The seed and Type III mulch will be mixed and applied hydraulically
with equipment approved by the Engineer. The hydraulic application
shall be such that the seed mixture is distributed at the rate of 5 pounds
per 1,000 square feet and the Type III mulch is distributed at the rate
of 46 pounds per 1,000 square feet. The seed mixture and Type III
mulch shall be mixed with water in a manner to provide a
homogeneous slurry. Equipment for mixing and applying the slurry
shall be capable of applying a uniform mixture over the entire area to
be mulched. The slurry mixture shall be agitated during application to
keep the ingredients thoroughly mixed.

203.6. Maintenance Requirements. Since the seeded area shall be maintained by
the Contractor as necessary to assure growth. A guarantee period not less than the
correction period from the Final Acceptance of the work will be required. During the
guarantee period, if there are deficient areas where the grass died, or where sheet and rill
erosion or settlement occurred, or where gravel or other deleterious backfill material
surfaces, upon notification by the City of such areas, the Contractor shall re-work all
areas as necessary to bring the areas into conformance with the specifications.

203.7 Measurement and Payment. All costs pertaining to the seeding and
mulching shall be paid by the Contract unit price per square yard or lump sum, complete

in place. Payment shall be made under:

Item No. 203.1. Seeding and Mulching, per square yard or lump sum.
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SECTION 204
SODDING

204.1. Description. This item shall consist of placing approved live sod on
prepared areas, as indicated on the plans and specified herein, or as ordered by the
Engineer.

204.2. Material. The sod shall be at least three (3) year-old densely rooted tall
type fescue mix, or other approved native perennial grasses, free from noxious weeds. It
shall be from a loam soil of such character that the sod will not break up or crumble
during the operations of cutting, transporting, or laying. Sod from light sand and from
heavy clay soils will not be acceptable. It shall be cut in strips of uniform thickness of
one (1) inch to one and a fourth (1 1/4) inch. The sod strips shall contain at least one-half
(1/2) square yard and not more than one (1) square yard. Sod strips shall not be cut less
than twelve (12) inches in width or more than nine (9) feet in length.

204.3. Construction. The area to be sodded shall be brought to a smooth and
uniform surface and shall have all clods, stones, sticks, and other debris which would be
harmful to sod growth removed. The soil on the area to be sodded shall be loosened and
brought to a reasonably fine texture, to a depth of at least four (4) inches. The sodbed
shall be limed and fertilized according to the general recommendations of the Boone
County Agriculture Extension Service.

The sod shall be moist and shall be placed on a moist earth bed. No dry sod may
be used. The sod strips shall be laid along contour lines, by hand, commencing at the
base of the area to be sodded and working upward or as directed by the Engineer. The
transverse joints of sod strips shall be broken and the sod carefully laid to produce tight
joints. The sod shall be firmed, watered and re-firmed immediately after it is placed.
The firming shall be accomplished by use of a lawn roller, tamper, or any other method
approved by the Engineer.

On 3 horizontal:1 vertical slopes, or steeper, the sod shall be pegged with wooden
pegs approximately 1/2" x 1" x 12" driven into the ground, leaving about one-half (1/2)
inch of the peg above the sod, and spaced not more than two (2) feet apart. Pegging of
the sod shall be done immediately after the sod has been firmed.

After the pegging has been completed, the sodded areas shall be cleared of loose
sod, excess soil, or other foreign material, and then a thin layer of topsoil (about one-
fourth (1/4) inch deep) shall be scattered over the sod as a top-dressing and the areas shall
then be thoroughly moistened by sprinkling with water.

Sod shall not be placed during a drought nor during the period from June 1 to
September 1, unless authorized by the Engineer. Frozen sod shall not be used and no sod

shall be placed on frozen ground.

The Contractor shall keep all sodded areas thoroughly moist for two (2) weeks
after laying. This shall include watering at least once a day.
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204.4. Method of Measurement. Measurement will be made to the nearest square
yard of approved sodded surface area.

204.5. Basis of Payment. Payment for sodding will be made at the Contract unit
price per square yard, complete in place. No direct payment will be made for liming or

fertilizing sodded areas. Payment will be made under:

Item No. 204.1. Sodding, per square yard.
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SECTION 205
SUBGRADE

205.1. Description. That portion of the graded roadbed upon which surfacing is
to be placed is hereby designated as the subgrade. The subgrade shall be constructed so
that it will be uniform in density throughout its entire width and will conform to the line,
grade, and cross section shown on the plans or as established by the Engineer.

205.2. Finishing. After excavation and embankment has been completed the
subgrade shall be brought to true shape and rolled. It shall then be tested with an
approved template furnished by the Contractor. If the subgrade is not to the proper
elevation, material shall be added or removed as required and if material is added it shall
be compacted in a manner satisfactory to the Engineer.

The entire subgrade shall be proof rolled with a minimum of two passes of a fully
loaded tandem axle dump truck (weigh ticket to be provided). Truck shall be operated at
between 2 Y2 to 5 miles per hour allowing the Engineer to walk alongside and observe
results. Truck shall make passes to cover the entire subgrade under the proposed
pavement. Proof roll shall be scheduled a minimum of 24 hours in advance and
witnessed by the Engineer. There shall be minimal evidence of deflection (less than one
inch), rutting, or pumping. If the Contractor disputes the result of the proof roll, the
Contractor at his own expense may hire an independent geotechnical engineer licensed in
the state of Missouri to witness the proof roll. The independent engineer must be agreed
upon by the Engineer. The recommendations of the independent engineer shall be final.
Proof roll shall be redone if there is rain or the subgrade is otherwise disturbed prior to
placing the base course.

This process shall be repeated until all irregularities are removed. Extreme care
shall be taken in shaping the subgrade, so that at no place will the completed pavement
vary from the specified thickness. All soft and yielding spots shall be removed to a depth
of not-to-exceed two (2) feet, and all vegetable substances or unsuitable material shall be
removed, and the resulting spaces shall be refilled with approved material. All large
rocks or boulders encountered shall be removed or broken off to a depth of not less than
six (6) inches below the finished surface of the subgrade, and the space shall be refilled.
The subgrade shall again be rolled until no depressions occur.

205.3. Restoring Subgrade to Acceptable Condition. If the subgrade is disturbed
in any manner after the work, described in the preceding paragraph, has been completed,
it shall be brought to an acceptable condition by reshaping and rolling, or with macadam.
At the minimum, the top 6” of subgrade shall be scarified and recompacted. If required
by the Engineer, the Contractor shall provide planking to protect the subgrade from
disturbance.

205.4. Amount of Finished Subgrade. There shall be at all times at least fifty
(50) feet of subgrade in the condition described in the preceding Articles numbered 205.2
and 205.3, ahead of the point at which concrete is being placed.

205.5. Payment. There will be no direct payment for finishing and restoring
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subgrade but the whole cost and expense of such work to the Contractor must be included
by him in the price bid per cubic yard for excavation.
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SECTION 206

DIG OUT REPAIR

206.1. Description. The work consists of saw cutting, removal of failed roadway
and replacement. See Dig Out Repair detail.

206.2. Materials. Materials for base rock shall be Type 2 Aggregate Base.
Geotextile fabric shall be Mirafi 600X or approved equal. Bituminous base shall be per
section 226.

206.3. Installation. Saw cut area as directed by Engineer. Remove area to a
minimum depth of 12 and compact subgrade. If unsuitable materials are encountered
for the subgrade, material shall be removed and replaced with the same base and
compacted in a maximum of 4” lifts. Place geotextile fabric over excavated area as per
detail. Place Type 2 aggregate base in 6” lifts. Place bituminous base in equal lifts (3”
maximum depth).

206.4. Measurement and Payment. All costs pertaining to the preparation and
restoration of dig out repair shall be paid by the square yard as per the bid form. All

work will be measured in the field for final quantities.

Item 206.1.  Dig Out Repair, per square yard.
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SECTION 207

ADJUSTMENTS OF MANHOLES, CATCH BASINS AND INLETS

207.1. Wherever specified on the plans, or as directed by the Engineer, manhole
and catch basin frames and covers, catch basin stones and sills, and drop inlets shall be
adjusted to new grades in accordance with the details shown on the plans. The quality of
materials and workmanship shall be as specified in the applicable section of these
specifications for each class of work necessary. Payment for adjustments, complete
including excavating, backfilling, all materials, replacement of breakage caused by
Contractor, equipment, labor and incidental expenses shall be completely covered by the
unit prices bid per adjustment under:

Item No. 207.1. Adjusting manholes to grade, per each

Item No. 207.2. Adjusting catch basins or inlets to grade, per each
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SECTION 208
REMOVALS

208.1. Description. Payment for the removal of pavement, sidewalk, curbing,
fencing and retaining walls shall be made at the Contract unit prices for removal of each
such item. Measurement shall be made of the actual quantities removed (as described
hereinafter), the removal of which is shown on the drawings or authorized by the
Engineer. Payment for removals shall include the demolition, removal and disposal of all
debris which is a product of such demolition. Pay quantities shall not include any
unauthorized removal due to damage during construction by the Contractor. Such
damaged areas, where removal is not shown on the drawings, shall be removed and
replaced at the Contractor's expense.

208.2. Removal of Pavement. This shall apply to all Portland cement concrete or
asphaltic concrete surfaces six (6) inches or more in thickness. Measurement shall be
based on the actual area removed in square yards. However, where pavement is removed
solely to allow construction of a storm sewer or appurtenant structure, the removal shall
be paid for to a width not to exceed the outside dimension of the pipe or structure plus
twenty-four (24) inches. Payment will be made under:

Item No. 208.1. Removal of pavement, per square yard.

208.3. Removal of Driveway Pavement. This shall apply to all Portland cement
concrete or asphaltic concrete driveways or other concrete slabs less than six (6) inches in
thickness. Measurement shall be as described in Section 208.2 for the removal of
pavement. Payment will be made under:

Item No. 208.2. Removal of driveway pavement, per square yard.

208.4. Removal of Sidewalks. This shall apply to all Portland cement concrete
sidewalk. Measurement shall be as described in Section 208.2 for the removal of
pavement. Payment will be made under:

Item No. 208.3. Removal of sidewalks, per square yard

208.5. Removal of Curbing. This shall apply to all Portland cement concrete
curbs or curbs and gutters measured along the base of the curb face in lineal feet.
Payment will be made under:

Item No. 208.4. Removal of curbs, per lineal foot
Item No. 208.5. Removal of curbs and gutters, per lineal foot.

208.6 Removal of Fencing. Work shall include all necessary material,
equipment, and labor to remove, stockpile, and reinstall fencing displaced by construction
activity. Owners should be notified 24 hours prior to fence work. The Contractor shall
use care in removing only as much fence as is necessary to complete construction and
grading. The Contractor shall take great care to carefully dismantle, stockpile and
reinstall fence after the public sanitary sewer has been installed. The Contractor shall
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salvage and reuse as much of the fencing material as practical. If the fence material
cannot be salvaged, then the Contractor shall provide new material that is consistent with
the fence material that was removed.

The Contractor shall install a suitable temporary fence along the temporary
construction easement to protect livestock, pets or children as directed by the Engineer.
No direct payment will be made for the temporary fence.

Payment for all costs to remove, stockpile and reinstall displaced by construction
activity shall be included in the per linear foot price bid for fence removal and
replacement and payment shall be based on the actual length of fence removed and
replaced in linear feet. Payment will be made under:

Item No. 208.6. Fence removal and replacement, per linear foot.

208.7. Removal of Retaining Walls. Retaining walls of concrete, brick, or stone
to be removed shall be measured in place and payment shall be based on the actual

volume, in cubic yards, of material actually removed. Payment will be made under:

Item No. 208.7. Removal of retaining walls, per cubic yard
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SECTION 209

DAILY CLEANUP AND FINAL TRIMMING AND CLEAN UP

209.1. Requirements. Daily cleanup shall follow the work progressively. The
Contractor shall remove from the project site all rubbish, equipment, tools, surplus or discarded
materials, and temporary construction items.

Streets to be opened to local traffic at the end of the day’s operation shall be cleaned of
dirt and mud. Streets which are not open to traffic shall be cleaned regularly to be kept free of
dirt and mud. Street sweeping equipment shall capture and contain dust and debris. Powered
broom attachments shall be of the pick-up type. All equipment and material stockpiles shall be
secured for safe passage of vehicles and pedestrians. Traffic control in conformance with the
Manual of Uniform Traffic Control Devices shall be in place prior to opening the road to traffic.

209.2. Final Trimming and Clean Up. Prior to the acceptance of the work done under
this Contract all shoulders, slopes, ditches if any, and sidewalk spaces shall be shaped, trimmed
and made uniform, smooth and true to line, grade and cross section. All debris and rubbish
resulting from the construction work or occurring within the limits of the improvement shall be
disposed of before final acceptance will be made under this Contract.

209.3. Payment. There will be no direct payment for final trimming and cleaning up but

the whole cost and expense of such work to the Contractor must be included by him in the other
bid prices.
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SECTION 210

AGGREGATE BASE MATERIAL

210.1. Type 1 Aggregate (Rolled Stone). Aggregate for Type 1 base shall be essentially
limestone. The crushed stone shall not contain deleterious material such as shale or disintegrated
stone in excess of fifteen percent (15%). Any silt, any clay, and any deleterious material shall be
uniformly distributed throughout the mass. The aggregates shall conform to the following
gradation requirement:

Passing 1 inch sieve 100%

Passing 1/2 inch sieve 60-90%
Passing No. 4 sieve 40-60%
Passing No. 40 sieve 15-35%

210.2. Type 2 Aggregate (Compacted Granular Base). Aggregate for Type 2 base shall
consist of crushed stone, limestone screening, sand and gravel, sand, chat, sandstone, or
combinations of these materials, with or without soil binder as may be required. The material
shall conform to the following gradation requirements and in addition shall be so graded that it
will readily compact to the specified density and withstand construction traffic without distortion
and displacement.

Passing 1 1/2 inch sieve 100%
Passing No. 40 sieve 15-50%
Passing No. 200 sieve, not more than 35%

210.3 Type 3 Aggregate (Drainable Base). Aggregate for Type 3 base shall consist of
crushed stone or sand and gravel. The aggregate shall not contain more than 15 percent
deleterious rock and shale. If crushed stone is used, sand may be added only for the purpose of
reducing the plasticity index of the fraction passing the No. 40 sieve in the finished product. The
fraction passing the No. 40 sieve shall have a plasticity index not to exceed six. Any sand, silt
and clay, and any deleterious rock and shale shall be uniformly distributed throughout the
material. When sand and gravel aggregate are used, the fraction passing the No. 200 sieve shall
be less than one half of that fraction passing the No. 30 sieve.

Sieve size Passing (%)
1 inch 100

12 inch 60-90

No. 4 35-60

No. 30 10-35

No. 200 0-15

If flint chat or tiff chat is used, it shall meet the requirements of this section and in
addition shall have at least twenty percent (20%) passing the No. 40 sieve.

Soil binder shall consist of soil or similar fine material with such cohesive properties as
to impart the desired plasticity to the finished product.
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SECTION 211

PENETRATION MACADAM BASE

211.1. Description. This section of the specifications shall consist of the construction of
a penetration macadam base placed on a one (1) inch granular insulation course over a prepared
subgrade and topped with a one (1) inch blotter course; conforming to the line, grade, thickness,
and typical cross section shown on the plans. The base shall be constructed in two lifts of four
inches each.

211.2. Material

a. Coarse stone shall consist of sound, durable particles of limestone or dolomite,
and shall not contain deleterious material such as shale or disintegrated stone in excess of fifteen
percent (15%). The crushed stone shall have a percent of wear not to exceed fifty percent (50%)
when tested in accordance with AASHTO 96-58 (c) (Los Angeles Abrasion). It shall meet the
following gradation requirements:

Passing 3 inch square sieve 100%
Passing 2 1/2 inch square sieve 90-100%
Passing 2 inch square sieve 35-70%
Passing 1 1/2 inch square sieve 0-15%
Passing 3/4 inch square sieve 0-5%
b. Material used in the insulation course shall be either coarse sand or coarse

screening. Screening shall consist of tough, durable particles of crushed stone. Insulation
material shall be free from dirt and other objectionable material.

C. Blotter course material shall be 1” clean crushed stone, free from dirt and other
objectionable material and shall have the following gradation:

Passing 1 1/2” inch sieve 100%
Passing 3/4 inch sieve 0-5%

d. Binder shall be Performance Graded and conform to PG64-22.

211.3. Weighing. All materials shall be weighed on an accurate and reliable platform
scale, approved by the Engineer, and each load must be accompanied by a signed weight ticket
stating the gross, tare, and net weight, and no material shall be accepted by the City unless
accompanied by such signed weight ticket.

211.4. Inspection. All materials and work shall be subject to inspection at all times by
the Engineer, or his duly authorized representative, and no materials shall be delivered or
accepted nor work performed without proper authorization of the Engineer. In order to assure
the use of suitable materials, the Engineer shall have the right to make any inspections he may
deem necessary, either at the plant of the Contractor, or his supplier, or on the job site.

The Engineer may at any time authorize the collection of samples of materials, from any
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source he may direct, and subject them to tests provided for in these specifications, by a
recognized reputable testing laboratory for determination of their quality and fitness for work
under this Contract. The expense of such sampling and testing shall be borne by the City of
Columbia. The Contractor shall provide such facilities as may be required for collecting
samples.

211.5. Equipment. All equipment, tools, machinery and other appliances used in
handling materials and performing any part of the work shall be subject to the approval of the
Engineer before the work is started and whenever found unsatisfactory shall be changed and
improved as required by the Engineer. All equipment, tools and machinery used must be
maintained in satisfactory working condition.

Rollers and compactors shall include self-powered three (3) wheeled and tandem steel
rollers and self-propelled pneumatic-tired rollers, weighing not less than seven (7) nor more than
ten (10) tons, and multiple vibratory compactors of approved design.

Steel-wheeled rollers shall be equipped with scrapers to keep the surface of the wheels
clean. All rollers and compactors shall be equipped with devices to wet the wheels, or contact
surface, to prevent the material being compacted from sticking to them.

If multiple vibratory compactors are used, the standard of compaction to which each
operation shall be subjected shall be determined by the Engineer based on the density obtained
from seven (7) to ten (10) ton steel rollers under similar conditions in the City of Columbia.

211.6. Construction Methods

a. Preparing and Compacting Subgrade.

Prior to constructing the base, the prepared subgrade shall be adjusted to conform to the
cross section shown on the plans, and to the lines and grades established by the Engineer. The
subgrade shall be compacted as herein specified to the entire satisfaction of the Engineer. No
direct payment will be made for adjusting and compacting the subgrade. The cost of such work
to the Contractor must be included by him in the unit price bid for Penetration Macadam Base.
No aggregate shall be spread on a muddy, excessively dusty, or frozen subgrade.

When no curb and gutter or side forms are used, well compacted shoulders with vertical
face for the full depth of the course or layer shall be prepared in advance of spreading aggregate
so as to permit the roller or compactor to lap the shoulder and edge of each course or layer of the
pavement. The shoulder material shall be kept leveled at the proper elevation to avoid
irregularities extending into the macadam.

b. Insulation Course. When the subgrade has been adjusted to true line and grade to
the satisfaction of the Engineer, a blanket of insulation course material, as specified above, shall
be spread on the subgrade and compacted to a minimum thickness of one (1) inch.

c. Spreading and Compacting Coarse Stone. When the base is constructed in two
(2) or more courses, each course shall be spread in layers of equal thickness after compaction.
Self-propelled spreading and leveling machines or approved spread boxes equipped with shoes
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or runners of sufficient width and length to preclude any damage or displacement to the subgrade
or lower base course shall be used for spreading coarse aggregate.

If the aggregate after being so spread and shaped does not have a uniform distribution of
sizes throughout, or if it becomes mixed with dirt or other foreign substances it shall be harrowed
with a heavy spike-tooth harrow, the teeth of which extend approximately six (6) inches below
the frame and spaced that the aggregate will readily pass between them. If, after harrowing,
there still remains areas of undersized or dirty aggregate, such aggregate shall be removed and
replaced with clean aggregate of the proper size.

The coarse stone shall be rolled and/or compacted until it is well keyed and settlement
has ceased. The surface shall then be checked transversely with a template cut to the required
cross section, and longitudinally with a twenty (20) foot straightedge. Any indicated variations
exceeding one-half (1/2) inch shall be corrected by the removal or addition of coarse stone as
needed. Corrected areas shall be compacted and made to conform with the required grade and
cross section.

Rolling shall start longitudinally beginning at the edges of the pavement and shall
proceed on each side toward the center of the pavement overlapping on successive trips by at
least one-half (1/2) of the width of rear wheel on steel rollers, one (1) wheel on pneumatic-tired
rollers, and one (1) unit on vibratory compactors. Places inaccessible to roller shall be
compacted by mechanical or hand tamping as approved by the Engineer.

Should subgrade become soft and mixed into or through the macadam, the Contractor
shall remove the mixture, reshape and correct the subgrade, replace the removed macadam
materials in compliance with this specification. The corrected areas shall conform with the
required grade and cross section.

The completed penetration macadam base shall have a total compacted thickness as
shown on the plans.

The surface shall not vary more than one-half (1/2) inch from a twenty (20) foot
straightedge applied to the surface parallel to the center line of the pavement. Areas of the
pavement which show more than the allowable variation shall be loosened and reconstructed in
accordance with these specifications and to the complete satisfaction of the Engineer.

d. Application of Binder. Hot binder, as specified hereinbefore, shall be applied on
each course of rolled base at the uniform rate of one (1) gallon per square yard per lift at
application temperature with an allowable tolerance of plus or minus 0.10 gallon per square yard.
Every precaution shall be used to avoid lapping either along the edges or at the ends of
successive application runs.

e. Spreading and Compacting Succeeding Courses of Base Aggregate. Succeeding
course of base aggregate shall be spread, compacted and finished in the same manner and to the
same tolerances as hereinbefore specified for the first course.

f. Blotter Course. Immediately after the asphaltic cement has been applied to the
final course of the base aggregate and while it is yet warm, a blotter course of crushed rock, as
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specified hereinbefore, shall be spread over the surface in just sufficient quantity to fill the
surface interstices. This stone shall be spread by means of an approved mechanical spreader at
the rate of not more than twenty-five (25) pounds per square yard. Any cover material remaining
unbounded on the pavement shall be swept up and removed. The top surface of the asphalt
coated coarse stone of the final base course shall be exposed upon completion of the cleaning
operation to provide a secure bond for the asphaltic concrete surface course to follow.

211.7. Basis of Measurement.

Method No. 1 Penetration macadam base shall be measured to the nearest
square yard in place.

Method No. 2 Coarse stone, the blotter course, and the insulation course
shall be measured on a tonnage basis of two thousand
(2000) pounds.

The binder shall be measured to the nearest ten (10) gallons.

211.8. Basis of Payment. The quantities, complete in place and accepted, will be paid
for at the applicable Contract unit price, which payment shall be full compensation for
preparation of subgrade, furnishing, hauling and placing all materials, rolling equipment, tools,
labor and work incidental thereto. Payment will be made under:

Method No. 1 Item No. 211 Penetration macadam base, per square yard.
Method No. 2 Item No. 211.1. Coarse stone, per ton.
Item No. 211.2. Insulation course, per ton.

Item No. 211.3. Blotter course, per ton.
Item No. 211.4. Binder, per gallon.
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SECTION 212

AGGREGATE BASE

212.1. Description. Aggregate base shall consist of a uniform mixture of properly
graded materials placed on a prepared subgrade as shown on the plans. The type of aggregate
used shall be as specified in the Contract.

212.2. Materials.

a. Aggregate base materials shall conform to the following:
Section
Type 1 Aggregate (Rolled Stone) 210.1
Type 2 Aggregate (Compacted Granular Base) 210.2
Type 3 Aggregate (Drainable Base) 210.3
b. Water shall be potable, clean and free from acid, salt, oil and other organic matter.

The use of City water is preferred.
212.3. Equipment
a. Mixing Equipment. Equipment for producing mixture shall be an approved

stabilization pugmill, which will uniformly mix the water with the aggregate in such manner as
to avoid undue segregation.

b. Construction Equipment. Equipment for this work shall consist of blade or motor
patrol graders, self-powered steel wheeled rollers, self-propelled pneumatic-tired rollers,
vibratory compactors, sprinklers, or any other suitable equipment required to properly complete
the work.

The Contractor shall furnish all equipment, tools, machinery and other appliances, which
in the opinion of the Engineer, are necessary for handling materials and performing any part of
the work.

All equipment shall be subject to the approval of the Engineer before the work is started,
and wherever found unsatisfactory, shall be changed and/or improved as required by the
Engineer. All equipment, tools and machinery must be maintained in satisfactory working
condition.

212.4. Preparation of Mixture. Base material, any additional material required, and
water in an amount sufficient to ensure the desired compaction shall be thoroughly mixed and
delivered to the construction site as a combined product. Excess moisture resulting in run-off
shall be avoided. The final product of base material mixed with binder shall meet the specified
gradation and plasticity index (P.1.). If necessary for satisfactory work, the mixture or subgrade
or both shall be allowed to dry to a moisture content which will permit proper compacting.
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212.5. Construction Procedure.

a. Subgrade. All work on any section of the subgrade on which the base is to be
constructed shall be completed prior to the placing of any base material on that section.
Immediately before spreading the mixture, the subgrade shall be sprinkled as specified by the
Engineer.

b. Spreading, Shaping and Compacting. In no case will the Contractor be permitted
to place the mixture or manipulate it on muddy or frozen subgrade. Also, any mixture containing
frost or frozen particles shall not be placed on the subgrade or compacted. After the subgrade
has been properly prepared, the mixture shall be uniformly spread by blades, or other approved
equipment, in successive layers of courses to such depth that, when compacted, the base will
have the minimum thickness shown on the typical cross section. The Contractor may construct
the base in any number of layers which he may find convenient to facilitate compacting, except
that, in no case, shall any individual layer have a compacted thickness of more than four (4)
inches, provided however when vibrating equipment is used, the base may be constructed in one
(1) course (not exceeding six (6) inches), provided the equipment used proves capable of
compacting the base in accordance with these specifications. Each layer shall be compacted as
hereinafter specified before any succeeding layer is placed. Except as otherwise permitted by the
Engineer, the first course placed upon the subgrade shall be compacted and allowed to become
firm before any subsequent course is constructed.

If, in the opinion of the Engineer, the mixture becomes too dry to permit compaction,
water shall be added during the compacting operations in such an amount as to ensure proper
compaction. If, for any reason, the mixture is too wet for proper compaction it shall be allowed
to dry until the proper moisture content is obtained.

The mixture shall be handled in such manner as to avoid undue segregation. If
segregation occurs, or, if the mixture becomes contaminated, such segregated or contaminated
materials shall be removed and replaced with materials of suitable quality and gradation, except
that areas of surface segregation may be corrected by spreading a quantity of limestone screening
sufficient to close the voids and bind the loose material firmly in place. The screenings shall be
wet and rolled so as to create a dense and uniform surface. Segregated or contaminated materials
which the Engineer orders removed, shall be removed and replaced with suitable material at the
sole expense of the Contractor. The Engineer may restrict hauling over the completed or
partially completed work after inclement weather, or at any time when the subgrade is soft and
there is tendency for the subgrade material to work into the surface material. Any screenings
used in correcting areas of surface segregation will be measured and paid for as part of the
aggregate constituting the base course. All extra work or expense involved due to screenings
being required shall be the Contractor's obligation without extra cost to the City. Compaction
shall be performed by the use of any approved equipment within the limits of these
specifications, which will produce satisfactory results.

Shaping and compaction shall be carried on until a true, even, uniform base course of the
proper grade, cross section and density is obtained. Proper moisture content shall be maintained
by wetting the surface as required during shaping and compacting operations. The use of excess
water, resulting in run-off or in the formation of a slurry on the surface shall be avoided.
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Final rolling on the top course of multiple-course construction or on single-course
construction shall be accomplished by a self-propelled smooth-wheeled roller weighing not less
than seven (7) tons, nor more than ten (10) tons.

The base course shall be graded, compacted and rolled to ensure maximum density to the
exact cross section and elevations and shall be tested with an approved template before
concreting. High areas shall be reduced to grade and low areas raised to grade with approved
material compacted in place, as directed.

Type 1, Type 2, and Type 3 aggregates used for shoulders adjacent to Portland cement
concrete pavement shall be compacted to not less than ninety-five percent (95%) of standard
maximum density. Type 1, Type 2, and Type 3 aggregate for use on other than shoulders
adjacent to Portland cement concrete pavement shall not be compacted to less than standard
maximum density.

c. Standard Compaction Test. The standard compaction test will be made in
accordance with ASTM D 698-70, Method C, using the total material. Field density and moisture
will be determined in accordance with ASTM D 6938 Test Methods for In-Place Density and
Water Content of Soil and Soil-Aggregate by Nuclear Methods (Shallow Depth). Frequency of
testing shall conform to the table below:

Tested Property Test Method Contractor
Frequency

Density AASHTOT 191 1 per 1000 tons,
or minimum of 1 per
AASHTO T 310 day

Thickness Applicable 1 per 1000 tons,
method meeting minimum of 1 per
Engineer’s day
approval

Gradation and AASHTO T 11, 1 per 2000 tons,

Deleterious AASHTO T 27 minimum of 1 per

Material® and MoDOT Test day
Method TM 71

Plasticity Index” AASHTO T 89 1 per 10,000 tons,
and AASHTO T minimum of 1 per
90 project

*Sampled at point of delivery, prior to rolling.

d. Curing and Maintenance of Aggregate Base. Allow the aggregate base to cure
before any heavy equipment is allowed on the aggregate base. Curing of aggregate base is
complete when the moisture content is a maximum of 60% of the optimum moisture content.
The Contractor will perform testing to determine when the cure of the aggregate base is
complete. The Engineer may require that the surface of the aggregate base be kept moist during
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the curing period to prevent loss of surface material.

Do not apply surfacing until the aggregate base is cured. Maintain the base until the
surfacing is applied.

e. Maintenance. When the base is to be constructed in more than one (1) layer, the
Contractor shall maintain the underlying layers by wetting or drying, blading and rolling in a
manner satisfactory to the Engineer until the next layer is completed. This maintenance shall be
entirely at the Contractor's expense. If a prime coat is specified in the Contract, the Contractor
will be required to apply the prime coat on any completed portion of the base as soon as
practicable, but he will not be permitted to prime or to construct a bituminous surface course
when the moisture content of the top two (2) inches of the base is more than two-thirds (2/3) of
the optimum moisture.

If the Contract includes the construction of Portland cement concrete pavement, the
Contractor will be required to maintain the completed base until the pavement is placed. The
base shall be considered complete when it has the required density with a uniform surface of the
proper grade and final template section. Lateral ditches shall be constructed through shoulders
where possible to ensure adequate surface drainage.

212.6. Method of Measurement.

a. Aggregate base material shall be measured on a tonnage basis of two thousand
(2,000) pounds, including water. Accurate and reliable platform scales, approved by the
Engineer, shall be used. Materials, when delivered to the construction site, must be accompanied
by a signed weight ticket, stating the gross, tare and net weight, and no material shall be accepted
by the City unless accompanied by such signed weight ticket.

b. Water. Payment for all necessary water used in sprinkling the subgrade and
added in constructing and maintaining all portions of the completed base shall be completely
covered by the unit prices bid for other items in the Contract.

212.7. Basis of Payment.

a. Payment for aggregate base material complete in place will be made at the
Contract unit price per ton, which price shall include furnishing all materials, mixing, loading,
hauling, unloading, spreading, shaping and compacting, water for sprinkling subgrade and added
in constructing and maintaining base, and all tools, labor, equipment, and work incidental
thereto.

b Payment will be made under:
Item No. 212.1. Type 1 aggregate for base, per ton

Item No. 212.2. Type 2 aggregate for base, per ton
Item No. 212.3. Type 3 aggregate for base, per ton
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SECTION 213

LANDSCAPING AND TREE PROTECTION

213.1. Description. This work shall consist of furnishing, planting and providing a
warranty for all trees and shrubs in accordance with the plans. Work shall be done under the
supervision of an experienced landscaper or experienced arborist approved by the Engineer.

213.2. Materials

a. Plant Materials.

1. Plant Materials shall mean trees and shrubs of all descriptions, required to
be furnished for the project in accordance with the specifications on the approved
plans. The source of supply of all plant material shall be given in writing to the
Engineer. The Engineer must be given the opportunity of inspecting and
approving all plant materials before planting takes place.

2. Plant materials shall comply with State and Federal laws relating to
inspection for disease, insect infestation and shipping and handling requirements.

3. Plant substitutions, including species cultivars, will not be permitted
unless pre-approved by the Engineer. If proof is submitted that specific plants or
sizes are unobtainable, proposals will be considered for the nearest equivalent size
or variety of equal value.

4. Type and quality:

1. Plant materials shall conform to the size and proportion standards
of the American Standard for Nursery Stock (ANSI Z60.1). ANSI stock
specifications will be provided by the Engineer. All tree stock shall be
single stem unless specified. The International Code of Nomenclature for
Cultivated Plants shall be the authority for plant names.

il. Plants will be true to type and subject to inspection for quality, size
and color. Plants lacking compactness, proper proportion, or having
multiple leaders will not be accepted. Plant materials which have been cut
back from larger grades to meet certain specified requirements will be
rejected.

1il. Plants shall have a normal, well-developed branch structure and a
vigorous fibrous root system. Plants shall be healthy and vigorous. Plants
shall be free from defects, wood decay, sun-scald injuries, abrasions of the
bark, galls, insect pest eggs, borers and all forms of infestations and other
plant diseases, and free from objectionable disfigurements. Tree root
collars must be visible above, or at, soil level and the root system shall not
contain any ‘circling’ or ‘diving’ roots.
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iv. Plants shall be nursery grown unless otherwise specifically
permitted in each instance and shall have been growing under similar
climatic conditions as occurs in the City of Columbia for at least 2 years
prior to award date of this Contract.

v. All plants shall be freshly dug within 1 week of delivery and
provided from the most recent favorable harvest season.

vi. The City reserves the right to reject any plant material that is
considered unsatisfactory.

b. Topsoil.
Topsoil shall be per section 203.4.a.

C. Wood Bark Mulch.

Mulch for plant bed and tree pits shall consist of a high quality shredded bark or wood
chips free from noxious substances. The source of the wood bark mulch and a representative
sample shall be approved by the Engineer prior to application.

d. Water.

Water shall be potable and suitable for irrigation, clear and free from any material that
may be harmful to plant life.

213.3. Installation. Specifications for Planting Procedures.
a. Planting Season

1. Planting shall be done within the appropriate planting season. If
associated with construction projects, planting projects should take place within
the planting season following completion of construction. Dates for planting are:
from April 1 to May 15 and October 15 to December 15.

2. If special conditions exist, which may warrant a variance in the above
planting dates, a written request shall be submitted to the Engineer stating the
special conditions and the proposed variance. Permission for the variance will be
given if, in the opinion of the Engineer, the variance is warranted.

3. When conditions are such, by reason of drought, high winds, excessive
moisture, or other similar factors, that satisfactory results are not likely to be
obtained, work shall be stopped. It shall not be resumed until desired results can
be obtained or until approved alternate or corrective measures and procedures are
adopted.

4. On no account shall planting take place when the ground is frozen.
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Planting Locations.

1. General. The Contractor shall be responsible for planting at correct
grades, alignment and location. If the planting plans provided differ from ground
marked sites, the Contractor will seek guidance from the Engineer.

2. Engineer will stake out, or flag the ground locations for plants.

Excavation of Planting Areas.

1. Care. No plant pits shall be dug or prepared until their location is
approved by Engineer. Reasonable care shall be exercised in having pits dug and
soil prepared prior to moving plants to their respective locations for planting to
ensure that they will not be unnecessarily exposed to drying elements or to
physical damage.

2. Holes for trees and shrubs either, balled and burlapped (B&B) or bare root
(B&R) (except for hedge and plants specifically designated on the plans to be
planted in a bed) shall be excavated or augered to provide a planting hole a
minimum of 100% larger than the spread of the ball or roots. All mechanically
dug pits shall be scarified to remove glazing, and shall have a saucer shaped
profile.

3. The depth of plant pits shall be the depth below finished grade required to
allow the plant to be set on undisturbed soil where the root collar will be at or
slightly above grade. In certain clay soils, descriptions to be jointly agreed by
Engineer, or where surface or sub-surface conditions prevent digging a tree pit to
specified dimensions, the plant can be set 4 to 6 inches high. In such cases the
upper rootball edge must be bermed to grade with topsoil at no greater than a 3:1
slope

4. If pits have been excavated and not planted they must be made safe from
public hazard at the end of each working day.

Delivery and Temporary Storage.

1. All plant material will be covered during transport between the nursery
and the planting site — no matter the time of year. Insofar as is practicable, plant
material shall be planted on the day of delivery. In the event this is not possible
the Contractor shall protect that stock not planted.

2. Protect plants at all times from sun or drying winds. Plants that cannot be
planted immediately on delivery shall be kept in the shade, well protected with
soil, wet moss or other acceptable material and shall be kept well watered. Plants
shall not remain unplanted for longer than three days after delivery.

3. Plants shall not be bound with wire or rope at any time so as to damage the
bark or break branches. Plants shall be lifted and handled from the bottom of the
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f.

ball only.

4. Plants moved with a ball will not be accepted if the ball is cracked or
broken before or during planting operations.

Planting

1. All planting of balled and burlapped (B&B) or containerized plants, unless
otherwise directed, shall be performed as herein specified. All plants shall be
centered in the planting hole and set plumb vertical.

2. B&B plants shall be placed in their wrapped ball on undisturbed soil so
that the root collar is standing at or slightly above the permanent grade or per
213.3.3.c above. All burlap, binding, and caging material shall be removed from
the top one-third of the rootball.

3. The plant hole shall be backfilled with topsoil placed in layers around the
roots or ball. Each layer shall be carefully tamped in place in a manner to avoid
injury to the roots or ball or disturbing the position of the plant. When
approximately two-thirds of the plant hole has been backfilled, the hole shall be
filled with water and the soil allowed to settle around the roots. After the water
has been absorbed, the plant hole shall be filled with topsoil and tamped lightly to
grade. Any settlement shall be brought to grade with topsoil.

4. For containerized shrub and small tree plantings special care should be
taken in ensuring that no circling or diving roots exist in the outer portion of the
rootball. If they exist they must be removed before planting. Plants should be
placed so that the root collar is level or just above existing grade. A generous
sprinkling (approximately one pound) of raw bone meal shall be placed on soil
after planting around each shrub and well raked in before applying mulch. All
twine or labeling encircling the stem or roots shall be removed during planting
regardless of material composition. All trees and small shrubs will be fully
watered in after installation.

5. On all slopes except minor ones, soil mix shall be formed into an adequate
dam or shoulder on downhill side to catch and hold water and avoid erosion and

slope on uphill side shall be properly re-graded to satisfaction of Engineer.

6. No plant material will be approved by the Engineer unless the root collar
or flare is clearly visible after planting.

Weeding & Mulching. The area required to be mulched shall first be cleared of

all weeds and groundcover. All trees and shrubs shall be mulched to a depth of at least 3. A
mulch ring will be provided that extends to a minimum radius of 3 feet from the stem of the tree
or shrub. In all cases the mulch itself should be kept clear of the plant stem, leaving clear visual
access to the root collar of the plant.

g.

Watering. After raking the surface of the mulch smooth the tree should be given a
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213.4.

a.

final ‘watering in’. This should include soaking the full depth of the mulch
thoroughly with water.

Guying, Staking and Wrapping.

1. Guying. Trees shall be supported immediately after planting. All trees
shall be staked unless otherwise agreed with Engineer. Guying material will be
fabric or flexible rubber or a combination of both. No wire or encased wire shall
be used.

2. Staking. A minimum of two metal T-posts (at least 6" in length unless
otherwise specified) placed at the opposite sides of the tree shall be driven
vertically into the ground to a depth of 2 1/2 to 3 feet in such manner as not to
injure the ball or roots. If trees are planted along a highway, the stakes shall be
aligned along the axis of the highway, unless otherwise agreed.

3. Wrapping. Wrapping of the trunk is required only on dogwood and maple
trees. Wrapping shall consist of a cardboard or plastic sleeve unless otherwise
specified by the Engineer. The Engineer will manage the sleeve material after
installation.

Pruning and Repair.

1. After planting an inspection of all plantings shall be made and all dead,
dying or injured twigs and branches shall be removed. No further pruning shall
be permitted unless approved by Engineer. All cuts shall be made without
damaging the remaining tissue, and leaving no stubs.

2. Each tree and shrub shall be pruned in accordance with standard
horticultural practice to preserve the natural character of plant. Pruning shall be
done with clean, sharp tools that have been designed for pruning woody plants.

3. The bruised or broken parts of large or fleshy roots shall be cut off smooth
before planting. If nursery practice has left bruised, broken, girdling or upward
pointing roots above the root collar, these roots should be carefully removed
without damaging the tissue to remain.

Cleanup and Completion of the Project.

During the course of planting, excess and waste materials shall be continuously

and promptly removed, lawn areas kept clear and all reasonable precautions taken to avoid
damage to existing structures, plants, and grass.

b.

When planting in an area has been completed, the area shall be thoroughly

cleaned up. Debris, rubbish, subsoil and waste materials shall be cleaned up and removed.

C.

On completion of the project the Contractor shall be responsible for repairing tire

ruts and other damage to existing landscaped areas. Lawn areas shall be left free from
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compaction and restored to an even grade. All areas disturbed during planting activity will be
seeded and mulched as required. The entire area, when completed, shall be neat and clean to the
satisfaction of the property owner.

d. The Contractor will inform the Engineer when the entire project is complete.
Engineer and the landscape Contractor will then perform an inspection of all the planting
material and planting sites before final completion is accepted.

213.5. Warranty Procedure.
a. Proving Period. A proving period shall follow the completion of the planting

project and it shall be for a period of one year from the installation of the last plant item. All
replacements shall have a one year proving period from the date of installation.

b. Acceptance and Replacement of Plant Material. At the expiration of the proving
period an inspection of the planting will be made and only those plants that are alive and in a
healthy condition will be accepted. Unacceptable material shall be removed and replaced by the
Contractor at his own expense, during the next appropriate planting season. Plant material and
method of replacement planting shall be the same as specified for the original planting unless
otherwise agreed with the Engineer. The Contractor shall continue to install replacement
materials until the plants shows healthy growth for a period of one year from the date of planting.
All such replacements will be inspected for acceptance at the end of the proving period.

213.6. Payment. Payment for the accepted quantities of plants will be made at the
Contract unit price for each plant of the types, species, and sizes required complete and in place.
No direct payment will be made for any incidental items such as supporting posts, hardwood
mulch for tree ring, peat moss, and water necessary for this work. Hardwood mulch for traffic
calming islands will be paid at the per square yard price for hardwood mulch.

Item No. 213.1. Landscaping, per plant.
Item No. 213.2. Hardwood Mulch, per square yard.
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SECTION 214

TREE PROTECTION AND REMOVAL

214.1. General. All work shall include all necessary material, equipment and labor to
remove, dispose and protect trees, bushes and shrubs necessary to complete the work outline on
the construction plans and in the Contract documents.

214.2. Removal. All trees, bushes and shrubs located within the temporary construction
easement that are not specifically noted as “Do Not Disturb” or “Do Not Remove”, can be
removed only if necessary to facilitate construction and approved by the Engineer or as directed
by the Engineer. Check the plan sheets for trees and shrubs specifically noted as “Do Not
Disturb” or “Do Not Remove.” The Contractor shall use care to minimize the impact to and the
removal of trees within the Temporary Construction Easement. All removals shall extend to a
depth of at least 24 inches below the ground line in fill areas or 24 inches below the subgrade in
cut areas, unless specifically directed otherwise.

214.3. Disposal. Contractor is responsible for disposing of all trees, bushes, shrubs, etc.
that are removed as part of this project.

214.4. Tree Protection Fence. Contractor shall install tree protection fence at locations
indicated on the construction plans or when directed by Engineer. Tree protection fence shall be

constructed in accordance with the detail shown on the construction plans.

214.5. Basis of Payment. Payment for all costs to install, maintain, and remove the tree
protection fence upon completion of the project shall be included in the per linear foot price bid
for tree protection fence.

Item No. 214.5. Tree protection fence, per linear foot.
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SECTION 215

MOBILIZATION

215.1. General. This item shall consist of preparatory work and operations, including,
but not limited to, those necessary for the movement of personnel, equipment, supplies, and
incidentals to the project site; for the establishment of all offices, buildings, and other facilities
necessary for work on the project except as provided in the Contract as separate bid items; and
for all other work and operations which must be performed or costs incurred prior to beginning
construction.

215.2. Basis of Payment

a. Payment for all materials and work required shall be included in the mobilization
item which will include the cost of all items herein described. The Contract lump sum
price for this item shall be payable to the Contractor as specified in accordance with the
following schedule of partial payments.

b. Forty percent (40%) of the Contract lump sum amount bid for mobilization will
be released to the Contractor with the first monthly payment, but not sooner than 15 days
after the Notice to Proceed has been issued.

C. An additional twenty-five percent (25%) of the Contract lump sum bid for
mobilization will be released with the first monthly payment after fifty percent (50%) of
the original total Contract amount, including payments for delivered materials but
excluding Mobilization, has been paid out.

d. Upon completion the project, payment of the remaining thirty-five percent (35%)
of the Contract lump sum bid for mobilization will be released upon the project final

acceptance.

Item No. 215.1. Mobilization, lump sum.
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SECTION 216

CONSTRUCTION STAKING

216.1. General. All construction work shall be done to the lines, slopes, grades and
locations shown on the Plans or as modified by the Engineer in writing. The Engineer will
establish on the Drawings the required control points, survey lines, benchmarks and base lines.
Detailed survey and staking for construction, as well as measurements and elevations within
structures shall be the responsibility of the Contractor. All work under this section shall be
conducted by or under the direct supervision of a Registered Land Surveyor in the State of
Missouri. The Contractor shall erect all necessary batterboards and shall furnish all templates
necessary for the construction. Any work done without being properly staked, located and
measured may be ordered removed and replaced at the Contractor's expense.

216.2. Control. On City projects, the Engineer will be responsible for providing all
necessary horizontal and vertical control from which the Contractor may establish construction
staking required to perform his work. The established control points are noted on the plans and
shall become the responsibility of the Contractor once initially set. The Contractor shall use care
not to disturb these points. Any cost required to re-establish these points, due to the careless or
negligent destruction by the Contractor, may be charged to the Contractor and deducted from the
payment for this work.

216.3. Construction stakeout by Contractor. The Contractor shall furnish all employees,
equipment, tools, stakes and other material required and shall stake out, in a manner satisfactory
to the Engineer, the following:

a. Slope stakes and offset grade stakes for curb and gutter, storm sewers, paved
channels, inlets, manholes, and retaining walls.

b. Centerline grade stakes for unlined channels and pavement.

C. Any staking of rights of way and easements deemed necessary by the Engineer.
d. Re-staking of items staked when stakes are lost or destroyed for any reason.

e. "Blue top" hubs set to elevation of subgrade for centerline of streets and trails at

such other locations as to assure proper thickness and drainage of pavements.

f. Pavement elevation points as required for asphaltic concrete fills, erected string
lines and grading of drainage valleys in pavements.

g. Stakes for fencing and other stakes required for the proper construction of the
Work.

h. Driveways and walks.

1. Any additional staking needed to construct the project according to the plans and
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specifications.
216.4. Notification. The Contractor shall not cover any work which requires
measurements for payment while in the uncovered state until the Engineer has made such

measurements.

216.5. Payment. Payment for all work and materials under this section shall be included
in the 'Tump sum' bid price for construction staking.

Item No. 216.1. Construction staking, lump sum.
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SECTION 220

BITUMINOUS MATERIALS

220.1. General. Approval of the source of bituminous material. For all bituminous
construction the Contractor shall obtain from the Engineer written approval of the sources of
bituminous materials. Such approval shall be obtained before any shipments are started. The
Contractor shall submit written evidence to the Engineer that all bituminous materials used
conform to the requirements of Section 220.1 through Section 220.3.

220.2. Measurement of Liquid Bituminous Material. The Contractor shall submit to the
Engineer, invoices in triplicate on all shipments of bituminous materials. The following volume
correction methods, where applicable, shall be used for determining the volume of bituminous
materials mentioned in these specifications.

220.2.1. Liquid Bituminous Material and Asphalt Binder - Volumetric
Determination. Measurement of the material will be based on the volume at 60°F. The volume
correction factors of ASTM D 1250, Table 24b, will be used for converting the material from the
volume at the observed temperature to the volume at 60°F. The volume of uncalibrated
distributors and tank trucks will be determined from the net weight of the material. The net
weight will be determined from the gross weight of the loaded delivery vehicle less the empty
delivery vehicle weight. For computing the volume in gallons from weight, the following
formula will be used:

ENGLISH
G= A\
SG x 8.328
where:

G = Volume in gallons at 60°F.
W = Weight of material in pounds.
SG = Specific Gravity of material at 60°F.

220.2.2. Emulsified Asphalt. Measurement of the material will be based on the
volume at 60°F using a coefficient of expansion of 0.0003 per degree F for converting the
material from the volume at the observed temperature to the volume at 60°F.

220.3. Performance Graded Asphalt Binder. Performance graded asphalt binder shall be
an asphalt-based binder produced from petroleum residue either with or without the addition of
non-particulate organic modifiers. The grade shall be as specified in the Contract. Suppliers
furnishing performance graded asphalt binders shall be certified by MoDOT.

220.4. Application Temperatures for Bituminous Materials:
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ASPHALTIC
MATERIAL

TEMPERATURE

DEGREES FAHRENHEIT
SPRAYING MIXING
MIN | MAX | MIN | MAX

X00-300 Penetration Asphalt
All other Penetration Asphalt

260 325 200 275
285 350 275 325

Performance Graded 64-22

All Other Performance Graded Asphalt

260 325 --- ---
285 350 275 350

65 135 50 120
110 180 80 125
140 210 80 150
170 240 125 175
180 255 150 200
215 285 175 225

70 140 50 120
110 185 80 150
140 215 100 200
175 250 150 200
190 265 175 225
220 290 200 250

110 185 80 200
140 215 150 200
175 250 175 250
190 265 175 250
220 290 200 275

75 130 |- |-
110 [ 160 |- |-
100 | 160 | 100 | 160
75 | 130 75 | 130

60 |125 |- |-
80 | 150 80 | 150
150 |225 |150 |225
175|250 | 175 | 250
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220.5. Asphalt Cement Price Index. Adjustments will be made to the payments due the
Contractor for any plant mix bituminous base, plant mix bituminous pavement, plant mix
bituminous surface leveling and asphaltic concrete pavement that contains PG64-22, PG 70-22
or PG76-22 when it has been determined that the monthly average price for the midpoint of the
published prices of PG64-22 for St. Louis, Missouri area and Kansas City area has fluctuated
from the monthly average price of the month the project was bid. The St. Louis, Missouri area
and Kansas City area prices will be obtained from the Asphalt Weekly Monitor® published by
Poten & Partners Inc. The monthly base price will be the price from the last published Asphalt
Weekly Monitor® prior to the City bid opening. The monthly base price shall apply to payment
estimates for the following month.

220.5.1. The adjusted Contract unit price will be applied to the actual amount of
asphalt binder used by the Contractor for all asphalt items that are set up by the wet ton mix.
The adjustments will be applied to projects that have a quantity of asphalt wet ton mix pay items
over 100 tons. The percentage of virgin asphalt as shown in the job mix formula will be the
basis for adjustments for any asphalt mix type placed on the project during the monthly index
period. The effective asphalt obtained from the use of recycled asphalt pavement (RAP) will not
be eligible for adjustment. The base price index for PG64-22 will be applied to the asphalt mix
for mixes using PG64-22, PG70-22 or PG76-22.

220.5.2. Basis of Payment. To determine the adjustment for any material specified
in this provision the following formula will be used.

A=BxC)x (D-E)

Where: A = Adjustment for mix placed during monthly average index period
B = Tons of mix placed during the monthly average index period
C = % of virgin asphalt binder as listed in the job mix formula in use
D = Monthly average price at time of mix placement
E = Monthly average price at time of bid

220.5.3. The Engineer will make adjustment payments, as defined above, for the
applicable work completed during each month except for projects on which the Contractor is
being charged liquidated damages, due to working beyond the project completion date. In this
case, the “D” value used for the price adjustment will be either the last “D” value prior to the
date that liquidated damage assessment began or the current monthly “D” value, whichever is
lower. If the Contractor is being charged liquidated damages due to the Contract being beyond
the project completion date and the current months “D” value results in a deduction, then the
current monthly “D” value will be used.

220.5.4. Optional. This provision is optional. If the bidder wishes to be bound by
this provision, the bidder shall execute the acceptance form in the Bid. Failure by the bidder to
execute the acceptance form will be interpreted to mean election to not participate in the Asphalt
Cement Price Index.
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SECTION 221

AGGREGATE FOR ASPHALTIC CONCRETE

221.1. Coarse Aggregate. All coarse aggregate shall consist of sound, durable
rock, free from objectionable coatings. When the coarse aggregate is tested in
accordance with AASHTO T 96-58 (c) (Los Angeles Abrasion), the percentage of wear
shall not exceed fifty percent (50%) unless otherwise permitted by the Engineer. The
percentage of deleterious substances shall not exceed the following values and the sum of
percentages of all deleterious substances shall not exceed eight percent (8%).

Deleterious Rock 8.0%
Shale 1.0%
Other Foreign Material 0.5%
221.1.1. Gravel aggregate shall be washed sufficiently to remove any

objectionable coating.

221.1.2. The above requirements apply to each size or fraction of aggregate
produced.
221.1.3. Pile-run chat, defined as tailings from mills in which metallic

minerals are recovered, will not be approved for use in asphaltic concrete unless the chat
has been conditioned to meet a specified gradation. A tolerance of seven percent (7%)
plus or minus, on each sieve fraction will be permitted provided the aggregate complies
with other provisions of this specification.

221.2. Fine Aggregate. Fine aggregate for asphaltic concrete shall be a fine,
granular material naturally produced by the disintegration of rock of a siliceous nature.
Fine aggregate shall be free from cemented or conglomerated lumps and shall not have
any coating or injurious material. The percentage of deleterious substances shall not
exceed the following values:

Clay lumps and shale 1.0%
Coal and lignite 0.25%
Other deleterious substances  0.1%

221.3. Mineral Filler. Mineral filler shall consist of stone dust, Portland cement,
or other artificially or naturally powdered mineral dust approved by the Engineer. It shall
be free from foreign or other objectionable material, and shall meet the following
gradation requirements:

Passing No. 30 sieve 100%

Passing No. 200 sieve 75-100%
Passing 325 sieve, not less than 30%
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221.4 Recycled Asphalt Pavement (RAP) may be used in any mixture. A
maximum of 20 percent may be used in mixtures without changing the grade of binder.
Mixtures may be used with more than 20 percent RAP provided testing according to
AASHTO M 323 is included with the job mix formula that ensures the combined binder
meets the grade specified in the Contract. All RAP material, except as noted below, shall
be tested in accordance with AASHTO TP 58, Method of Resistance of Coarse Aggregate
Degradation by Abrasion in the Micro-Deval Apparatus. Aggregate shall have the
asphalt coating removed either by extraction or binder ignition. The material shall be
tested in the Micro-Deval apparatus at a frequency of once per 1,500 tons. The percent
loss shall not exceed the Micro-Deval loss of the combined virgin material by more than
five percent (5%). Micro-Deval testing will be waived for RAP material obtained from
MoDOT roadways. All RAP material shall be in accordance with Section 221.1 for
deleterious and other foreign material.

221.5. Recycled Asphalt Shingles (RAS) may be used in any mixture specified to
use PG 64-22 in accordance with AASHTO PP 53 except as follows: A maximum of 7
percent RAS may be used. When the ratio of virgin binder to total binder in the mixture is
less than 70 percent, the grade of the virgin binder shall be PG 52-28 or PG 58-28.
Shingles shall be ground to Y2-inch minus. Waste, manufactured or new, shingles shall be
essential free of deleterious materials. Post-consumer RAS shall not contain more than
1.5 percent wood by weight or more than 3.0 percent total deleterious by weight. Post-
consumer RAS shall be certified to contain less than the maximum allowable amount of
asbestos as defined by national or local standards. The gradation of the aggregate may be
determined by solvent extraction of the binder or using the following as a standard
gradation:

Shingle Aggregate | Sieve Size Percent
Gradation Passing by Weight
3/8 in. 100
No. 4 95
No. 8 85
No. 16 70
No. 30 50
No. 50 45
No. 100 35
No. 200 25
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SECTION 222

ASPHALTIC CONCRETE PAVEMENT

222.1. Description. Asphaltic concrete pavement shall consist of a mixture of mineral
aggregate and asphalt cement prepared in a stationary plant and placed in one or more courses on
a prepared base or underlying course in conformity with the line, grade, and section shown on
the plans.

222.2. Materials. All materials shall conform to the following sections of these
specifications:

Type Section
Asphalt Binder PG64-22 or per specs 220.3
Coarse Aggregate 221.1
Fine Aggregate 221.2
Mineral Filler 221.3

Asphaltic concrete mixture shall consist of mineral aggregates with the total aggregate
prior to mixing with asphalt binder shall be in accordance with the following gradation
requirements:

Percent Passing by Weight

Sieve Size Base BP-1 BP-2
1 inch 100 100 100
% inch 85-100 100 100
15 inch 60-90 85-100 95-100
No. 4 36-65 50-70 60-90
No. 8 25-50 30-55 40-70
No. 30 10-35 10-30 15-35
No. 200 6-12 5-12 5-12

The Engineer may require at the time the job mixture is approved, that not less than 30
percent (30%) of material designated as fine aggregate be incorporated in the mixture. At least
thirty (30) days prior to preparing any of the mixture on the project, the Contractor shall obtain,
in the presence of the Engineer or his authorized representative, samples of asphalt and mineral
aggregates for tests and shall submit in writing the mixing formula which he proposes to use.
The mixing formula shall include the type and sources of all materials, the gradations of the
aggregates, the relative quantity of each ingredient and shall state a definite percentage for each
sieve fraction of aggregate and for asphalt cement. The samples of materials shall be within the
limit of size designated by the Engineer and shall be submitted by the Contractor and at the
expense of the Contractor to a reputable testing laboratory, which shall design a mix formula
meeting these specifications, a copy of which shall be sent to the Engineer.

No mixtures shall be accepted for use on the project until an approved job mixing
formula is approved by the Engineer. In producing mixtures for the project the plant shall be so
operated that no intentional deviations from the job mixing formula shall be made except as
specifically authorized by the Engineer. In any case the maximum variations from the approved
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formula shall not be greater than the following requirements and shall be within specifications
limits.

Retained on 1/2 inch sieve 5%
Passing 1/2 inch sieve, retained on No. 10 sieve 5%
Passing No. 10 sieve, retained on No. 200 sieve 3%
Passing No. 200 sieve 1%
Asphaltic Cement 0.5%

At least 30 days prior to placing any mixture on the project, the Contractor shall submit a
mix design for verification and approval by the Engineer. The mixture shall be designed in
accordance with Asphalt Institute Publication MS-2, Mix Design Methods for Asphalt Concrete
and Other Hot-Mix Types. The mixture shall be compacted and tested at a minimum of three
asphalt contents separated by a maximum of 0.5 percent in accordance with AASHTO T 245,
except as herein noted. The test method shall be modified by short-term aging the specimens in
accordance with AASHTO R 30. A detailed description of the mix design process shall be
included with the job mix formula. Aggregate fractions shall be in accordance with the same
proportions as the proposed job mix formula.

The mix design shall include raw data from the design process and shall contain the
following information:
(a) Source, grade and specific gravity of asphalt binder.
(b) Source, type (formation, etc.), ledge number(s) if applicable, gradation, and
deleterious content of the aggregate.
(c) Plasticity index of each aggregate fraction.
(d) Bulk and apparent specific gravities and absorption of each aggregate fraction in
accordance with AASHTO T 85 for coarse aggregate and AASHTO T 84 for fine
aggregate, including all raw data.
(e) Specific gravity of hydrated lime, mineral filler or baghouse fines, if used, in
accordance with AASHTO T 100.
(f) Percentage of each aggregate component.
(g) Combined gradation of the job mix.
(h) Percent of asphalt binder, by weight (mass), based on the total mixture.
(1) Bulk specific gravity (Gmb) by AASHTO T 166, Method A of a laboratory compacted
mixture.
(j) Percent air voids (Va) of the laboratory compacted specimen.
(k) Voids in the mineral aggregate (VMA) and voids in the mineral aggregate filled with
asphalt binder (VFA).
(I) Theoretical maximum specific gravity (Gmm) as determined by AASHTO T 209
after the sample has been short-term aged in accordance with AASHTO R 30.
(m) Mixing temperature and molding temperature.
(n) Bulk specific gravity (Gmb) of the combined aggregate.
(o) Percent chert contained in each aggregate fraction.
(p) Baghouse fines added for design.
(i) Batch and continuous mix plants — Indicate which aggregate fraction to add
baghouse percentage during production.
(i1) Drum mix plants — Provide cold feed settings with and without baghouse
percentage.
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No mixture will be accepted for use until the job mix formula for the project is approved
by the Engineer. The job mix formula approved for each mixture shall be in effect until
modified in writing by the Engineer. When unsatisfactory results or other conditions occur, or
should a source of material be changed, a new job mix formula may be required.

Base, BP-1 and BP-2 mixtures shall have the following properties, when tested in
accordance with AASHTO T 245. The number of blows with the compaction hammer shall be
35 or the number of gyrations shall be 50 with the gyratory compactor. BP-1 and BP-2 mixtures
shall have between 60 and 80 percent of the VMA filled with asphalt binder.

Air Voids: 3.5-4.5%
AASHTO T 245 Stability 750 Ibs
Voids in Mineral Aggregate 13.0

Bituminous base mixtures that would require 12.0 percent VMA following Asphalt
Institute MS-2 will have a minimum 12.0 percent requirement.

In mixtures containing rounded or uncrushed aggregate, it may be necessary for a portion
of the aggregate to be a highly angular or crushed material in order to comply with the stability
and other requirements. If difficulty is experienced with the aggregate combinations submitted,
the Engineer may designate the amount of angular or crushed material necessary after laboratory
investigations are made of the combinations proposed by the Contractor.

If the mixing formula submitted for approval or a previously approved mixing formula
results in mixtures which are unsatisfactory in the opinion of the Engineer, due to surface
texture, workability, segregation tendencies, or for any other reason, the Engineer shall have the
right to make any changes within the limits of the specifications which he deems advisable and
establish a new mixing formula.

222.2.1. Asphalt Hot-Mix Recycling. Only virgin materials shall be used in the
surface course for new construction projects. Final mix design for recycled mixtures shall be
done in accordance with the Asphalt Institute’s Manual MS-2 Sixth Edition in the appendix
entitled “Mix Design Using RAP.” All delivery tickets shall clearly designate the type of
recycled mix.

222.3. Equipment

222.3.1. Mixing Plant--General. The plant site shall have adequate storage
facilities. Sufficient storage space shall be provided for separate stock piles, or stalls for each
size and type of aggregate. The different aggregates shall be kept separated until they have been
delivered, without segregation, by the feeders to the boot of the cold elevator in their proper
proportions. The separate stock piles shall be readily accessible for sampling. Contractor shall
record and maintain temperatures at the plant.

Approved mechanical feeders shall be provided for feeding aggregate to the elevator
charging the drier. The feeders shall be of any type that will provide accurate control and
positive adjustment of the proportions for each size and type of aggregate used in the production
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of the asphaltic mixture.

The aggregates shall be dried and heated in a rotary drier capable of drying and heating
the aggregate as specified at the rated capacity of the mixer. The drier shall be equipped with
heating equipment which can be positively regulated and an efficient dust collecting system
preventing the loss of fine material. The material collected shall be returned to the mixture at a
uniform rate or wasted as approved by the Engineer. The heated aggregate shall be at a
temperature of not less than two hundred twenty-five degrees Fahrenheit (225°F.) and not more
than three hundred fifty degrees Fahrenheit (350 F.) when delivered to the batching hopper.
Feeding any drying equipment shall be operated in such a manner that the temperature of the
aggregates is maintained within twenty-five degrees Fahrenheit (25°F.) above or below that
directed by the Engineer. Absorbed moisture in the aggregate shall be reduced to such a quantity
that there is no segregation of asphalt resulting from escaping water vapor in the prepared
mixture and in no case shall exceed 0.5%.

The screening unit shall be capable of screening all aggregates into the sizes required for
proportioning and shall have a normal capacity in excess of the full capacity of the mixer or the
drier. The screening unit shall separate the usable heated aggregate into at least three (3) sizes.
One of the sizes produced shall contain not more than ten percent (10%) by weight retained on
the No. 10 sieve. The efficiency of the screening operation shall be sufficient to produce, at
plant operating capacity, gradations in each of the sizes of heated and dried aggregates which are
reasonably uniform and result in the production of a mixture complying with the limits specified
hereinbefore.

Storage bins shall have sufficient capacity to supply the mixer when it is operating at full
capacity. Bins shall be divided into compartments to provide separate and adequate storage for
each aggregate fraction produced and used in proportioning. Separate dry storage shall be
provided for mineral filler. Each compartment shall be provided with an overflow pipe, at least
four (4) inches in diameter, located to prevent backing up of material into other bins. The bin
shall have a "tailing" pipe, at least six (6) inches in diameter, for rejection. The discharge points
of overflow and "tailing" pipes shall be located so they will not create a hazard. Overflow pipes
shall not return the material directly to the hot elevator. Each compartment shall be provided
with an individual outlet gate, designed and constructed so that when closed there will be no
leakage. The gates shall be designed to cut off quickly and completely. Each bin shall be
equipped with a device approved by the Engineer for readily obtaining samples of the aggregate
at bin discharge.

Not less than two (2) asphalt storage tanks shall be provided at the proportioning and
mixing plant, if asphalt is delivered in transport trucks. Piping and valve arrangements shall
permit material to be used from any of the tanks without using from the other at the same time.

Asphalt cement shall be heated in either steam, electric, or oil heated tanks or kettles and
shall be maintained during the period that mixture is manufactured, at a temperature within the
limits of the range specified in Section 220.4. The equipment for handling the asphalt, including
pumps, pipe lines, and storage tanks, shall be entirely separate and have no connections to the
system used for handling fuel oil or other materials on the project.
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An armored thermometer reading from two hundred fifty degrees Fahrenheit (250 F) to
three hundred fifty degrees Fahrenheit (350°F) shall be fixed in the asphalt circulating system
near the valve at the mixing unit. An accurate registering pyrometer or other approved
thermometric instrument shall be installed in the discharge chute of the drier in such a manner
that the temperature of the heated aggregate is automatically registered. This instrument shall be
located where it is in clear view of the drier fireman and readily accessible to the inspector.

Equipment shall be furnished which will accurately record the temperature of the heated
and screened aggregates in two (2) of the hot aggregate bins. One terminal shall be placed in the
hot bin containing the smallest aggregate used in the mix and the other terminal shall be placed
in the largest aggregate. The terminals shall be located where the hot material will flow around
them during the proportioning operation and shall not be located near the corners of the bins or at
points where the material will collect or pack around them. The temperatures shall be
continuously recorded either on individual charts or both may be recorded on a single chart. The
charts shall record both time and temperature. The smallest interval of time shown shall be not
more than fifteen (15) minutes and the temperature gradations shall be not greater than ten
degrees Fahrenheit 10°F.). The charts shall be removed from the recorder at the end of each
day's operation and shall be furnished to the Engineer.

222.3.2. Special Requirements for Batch Type Plants. Batch type plants shall be
equipped with all units described above under 222.3.1, and with special units as described below:

Weighing equipment for proportioning mineral aggregate shall be of such design and
construction that each batch can be quickly and accurately weighed. Excessive vibration of the
weighing assembly will not be permitted. The weighing unit shall consist of a hopper or hoppers
large enough to hold one (1) batch without running over or without manual placing, suspended
from a system of fulcrums and knife-edges connected to a multiple beam or springless dial scale.
Multiple beam type scales shall be equipped with a tare beam, a separate beam for each size of
aggregate and a sensitive "tell-tale" dial. Springless dial scales shall be equipped with a dial
which has a capacity not to exceed twice the full capacity of the mixer, and shall be of standard
make and equipped with a tare beam. Asphalt cement shall be measured by weight in an electric
heated, or a hot oil, or steam-jacketed bucket suspended from a springless dial or beam type
scale; or shall be measured by volume in an approved automatic asphalt meter. If a metering
device is used, continuous circulation shall be maintained in the line supplying asphalt to the
meter. Springless dial scales used for weighing asphalt shall have a tare beam and a dial
graduated in one (1) pound increments to the maximum dial capacity which shall not be more
than fifteen percent (15%) of the nominal capacity of the mixer. Beam type scales shall be
equipped with a tare beam, a full capacity beam and a "tell-tale" dial, the pointer of which moves
through an arc, representing not less than one-tenth (1/10) the maximum load to be applied. All
scales used to weigh the ingredients of the asphaltic mixture shall be designed and assembled so
that they can be maintained within a maximum tolerance of four-tenths percent (0.4%) of the net
load applied. Not less than ten (10) fifty (50) pound standard test weights shall be available at
any time for testing and calibrating weighing equipment.

Batch type plants shall be equipped with a twin shaft pugmill mixer. The pugmill shall
be electrically heated or hot oil, or steam jacketed and have a capacity of not less than two
thousand (2,000) pounds per batch. The discharge gate shall fit snugly to prevent loss of
material. Leakage from the pugmill during the mixing operation will not be permitted. Mixing
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paddles shall be in first class condition and shall be so arranged as to circulate the mixture
entirely around the mixer box. Not more than one pair of paddle tips on each mixer shaft shall
be reversed with respect to the other paddle tips on that shaft. The reversed pair of paddle tips on
each shaft shall be located in diagonally opposite corners of the pugmill. The clearance of blades
from all fixed and moving parts shall not exceed three-fourths (3/4) inch unless the maximum
size of the aggregate exceeds one (1) inch. The mixer shall be covered to prevent the loss of fine
material. A conveniently located, easily opened gate or door shall be provided in the mixer
cover for observation of the mixing operation. The mixer platform shall be of ample size to
provide safe and convenient access to the mixer, weight hopper and scales. The Contractor shall
provide a safe stairway to the mixer platform and safe access to other parts of the plant which are
subject to occasional inspection.

Each mixer on the plant shall be equipped with an accurate time lock to automatically
control the operations of a complete mixing cycle. It shall lock the aggregate weigh box after
charging of the mixer, until the cycle is completed; it shall lock the asphalt weigh bucket or
asphalt metering device throughout the dry and wet mixing periods. The dry mixing period shall
start when all of the mineral aggregates have been charged into the mixer and end when the
introduction of the asphalt cement begins. The wet mixing period shall begin when the
introduction of the asphalt cement is started and end when the discharge gate is opened.

The quantity of mixture produced per batch shall not exceed the manufacturer's rated
capacity as determined from the rating plate attached to the mixer or the manufacturer's
specifications. The manufacturer's rated capacity will not be accepted unconditionally. If, in the
opinion of the Engineer, the mixer does not operate efficiently at the rated capacity or does not
produce a satisfactory mixture, or if its production does not coordinate with other plant units, the
right is reserved to reduce the size of the batch until a satisfactory mixture is obtained. If the
rated capacity of the mixer is not known, the size of the batch shall be determined from the net
cubical content of the mixer below the center of the mixture shafts. If the pugmill does not
produce a satisfactory mixture at the established capacity due to overloading, the size of the
batch shall be reduce until satisfactory performance is obtained. The decision of the Engineer as
to the permissible capacity of the mixer shall be final.

222.3.3. Special Requirements for Continuous Mixing Plants. Continuous mixing
plants shall be equipped with all units as described above under 223.2.1, and with special units as
described below:

The plant shall be equipped with means for accurately proportioning each size of
aggregate either by weighing or by volumetric measurement. Continuous weighing devices shall
be of sturdy construction and design and shall be accurate to 0.4 of one percent of the net load
applied. The equipment shall be maintained in good condition and adjustment, and shall operate
accurately. The volume proportioning device shall include a mechanical feeder mounted under
the bins, and each bin shall have an accurately controlled individual gate to form an orifice for
volumetrically measuring the material drawn from each bin. The orifice shall be rectangular, its
dimensions approximately eight (8) inches by nine (9) inches, with one dimension fixed and the
other dimension adjustable by positive mechanical means. An indicator shall be provided on
each gate to show the size of gate opening in inches. The proportioning unit shall be equipped
with an approved revolution counter directly connected to the aggregate feeder shaft and shall
register accurately to the nearest 0.01 revolution. On each of the storage bins for the heated
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aggregates, a device shall be installed to indicate when the level of the material in the bin is
below the point where accurate proportioning through the feeder gates can be accomplished.
These indicators shall be positive in action and shall be made to actuate either lights or other
approved devices located in a position where they will immediately attract the attention of the
mixer operator and warn him that the material in the bin is below the safe operating level. If
mineral filler is required as a separate ingredient, it shall be proportioned by volume through a
special feeding unit. Equipment suitable for calibrating by weight the flow of material from bins
to the mixing unit shall be available at all times.

Asphalt cement shall be proportioned by volume in an approved asphalt metering pump.
The pump shall deliver the asphalt to the pugmill at a uniform rate which shall not vary more
than two percent (2%) by weight from the required quantity. The asphalt shall be introduced into
the pugmill in a manner which will result in a thoroughly uniform distribution of the asphalt in
the final mixture at the end of the mixing operation.

The aggregate proportioning unit and the asphalt metering pump shall be mechanically
interlocked. This interlocking device shall be of a type that the quantity of either asphalt or
aggregate can be positively adjusted and when the correct proportions are established the flow
can be accurately controlled.

The plant shall be equipped with a twin-shaft, electrically heated, or hot oil, or steam-
jacketed pugmill. It shall have a capacity of not less than forty (40) tons per hour. The paddles
shall be adjustable for angular position on the shafts and reversible to retard the flow of the mix.
The mixer shall carry a manufacturer's plate giving the net volumetric content of the mixer at the
several heights inscribed on a permanent gauge and also giving the rate of feed of aggregates per
minute at plant-operation speed. The manufacturer's rating of the mixing unit will not be
accepted unconditionally. The right is reserved to reduce the rate of feed of aggregate per
minute at plant-operating speed to produce a satisfactory mixture. The decision of the Engineer
as to the permissible capacity of the mixing unit shall be final.

Unless otherwise required, mixing time shall be determined by the following formula:

Pugmill dead capacity--in pounds
Pugmill output--in pounds per second

Mixing time in seconds

The weights shall be determined for the job by tests made by the Engineer.

222.3.4. Rollers. Self-powered steel-wheeled rollers shall be used and in addition,
self-propelled, pneumatic-tired rollers may be required by the Engineer.

Steel-wheeled rollers shall weigh not less than eight (8) tons and not more than twelve
(12) tons and they shall be equipped with adjustable spring scrapers fitted to the driving and
steering rolls. These rollers shall develop contact pressure of 250 to 350 pounds per inch of
width (vibratory mode) or 150 to 180 pounds per inch of width (static). They shall also be
equipped with sprinkling systems which will uniformly moisten each wheel. Wetting devices
such as coco mats shall be included when necessary.

The pneumatic-tired rollers shall be self-propelled and shall consist of not less than seven
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(7) pneumatic-tired wheels revolving on two (2) axles. Axles shall be mounted in a rigid frame
provided with a loading platform or body suitable for ballast loading. The tires on the front and
rear wheels shall be staggered so that they will cover the entire area over which the roller travels,
with a minimum overlap of one-half (1/2) inch. The roller shall operate smoothly and without
jerking when starting, stopping, or reversing direction. The roller shall be constructed such that
each wheel is loaded to a minimum of 2,300 pounds, but not more than five hundred (500)
pounds per inch width of tire tread in contact with the bituminous surface. The tires shall be
inflated to an air pressure of not less than ninety (90) pounds per square inch. The roller shall be
equipped with an adequate scraping or cleaning device on each tire to prevent the bituminous
mixture from accumulating on the tires. The roller shall be equipped with a water system which
will keep all tires uniformly wet, and which will have a capacity that will provide not less than
two (2) hours continuous operation without refilling.

Trench rollers shall have an auxiliary wheel that operates outside the area to be
compacted at such a distance from the pavement edge as to cause no damage thereto. It shall be
mounted upon an axle that is adjustable in height. The auxiliary wheel shall be kept in
adjustment so that the compression wheels will develop a smooth, compacted surface true to
crown and grade. The contact pressure of the compression wheels shall be from 250 to 350
pounds per inch of width.

In lieu of the above requirements pertaining to non-vibratory compaction equipment,
consideration will be given to use other types of equipment that are capable of producing
equivalent results consistent with the requirements of the specifications.

222.3.5. Testing. During production the plant shall have the following tests
performed by an approved laboratory: AC content, extracted gradation, Marshall density,
stability, voids, VMA, VFA and max theoretical density. Laboratories shall be approved if they
are:

a. Accredited in accordance with ASTM D3666; and/or

b. Approved for Superpave asphalt testing by the State Highway Department in the state
where the plant is located.

c. Test mixture at least once every 1000 tons. During paving, Engineer may designate as
many tests as necessary to assure proper thickness, composition and density. If over 500 tons per
day are placed, one acceptance test per day shall be performed. Not less than one test shall be
performed every five days.

d. Air voids are to be within +/- 1% of mix design. The number of blows with the
compaction hammer shall be 35 or the number of gyrations shall be 50 with the gyratory
compactor.

e. Gradation to be within tolerances specified.

f. Asphalt content is to be within +/- 3% of mix design.

g. If four consecutive tests show noncompliance with the specifications, production of
asphalt shall immediately cease and may not be resumed until a new mix design is submitted and
approved, or the plant can demonstrate to the Engineer an ability to meet specifications.

h. A copy of all testing and quality control records shall be made available upon request
by the Engineer.

222.4. Construction Procedure.
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Preparation of Mixture. The asphalt cement shall be carefully heated, without
damage by overheating, to a workable temperature as designated by the Engineer
within range established by Section 220.4, Application Temperatures for
Bituminous Materials. If asphalt is measured by volume, the temperature of the
asphalt at the time of measuring shall not vary more than fifteen degrees
Fahrenheit (15 F.), from that designated by the Engineer when the metering
device was calibrated. The final mixture shall not exceed three hundred fifty
degrees Fahrenheit (350 F.) when discharged from the pugmill, and shall not vary
more than twenty-five degrees Fahrenheit (25 F.) from the temperature
designated by the Engineer.

Batch Type Plants. The dry hot aggregates, mineral filler if required, and asphalt
cement shall be accurately proportioned in the amounts required by the job mix
formula. Aggregate shall be charged into the weigh hopper in a sequence that
will avoid segregation. The mineral aggregate shall be mixed dry for not less than
fifteen (15) seconds, after which the asphalt cement shall be charged into the
mixer in a manner that will uniformly distribute the asphalt over at least three-
fourths (3/4) the full length of the mixer. The time required to add the asphalt
shall not exceed fifteen (15) seconds. Net mixing shall continue for at least thirty
(30) seconds after the introduction of the asphalt cement begins or longer if
necessary to produce a homogeneous mixture in which all particles are coated
uniformly. The dry mixing period for Type A mixture may be decreased to not
less than ten (10) seconds, provided there is no segregation of the aggregates. The
dry and wet mixing times shall be as directed by the Engineer.

Continuous Mixing Plants. Each size of hot aggregate, mineral filler if specified,
and the asphalt cement shall be accurately proportioned in the amounts required
by the job mix formula. The mixing period shall be determined as hereinbefore
specified for continuous mixing plants and shall be not less than thirty-five (35)
seconds. The mixing time shall be as directed by the Engineer, and may be
increased above the minimum specified if necessary to produce a homogeneous
mixture.

Transportation of Mixture. Trucks used for hauling bituminous mixtures shall
have tight, clean, smooth, metal beds that have been thinly coated with a
minimum quantity of BR3600 by BioSpan Technologies, Inc. or equal, to prevent
the mixture from adhering to the beds. The release agent shall not be diluted less
than the minimum rate specified by the manufacturer and shall be applied with
equipment recommended by the manufacturer. Use of diesel fuel, fuel oil or other
detrimental products as a bed coating or dilution agent will not be permitted. Each
truck shall have a cover of canvas or other suitable material of such size to protect
the mixture from the weather. The cover shall be securely fastened over all sides
of the truck bed. Truck beds shall be insulated, when necessary, such that the
mixture will be delivered on the road at the specified temperature. No loads shall
be sent out so late in the day that spreading and compacting of the mixture cannot
be completed during daylight. Vehicle scales shall have a valid certification from
the State of Missouri Department of Agriculture-Weights and Measures division.
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Application of Primer. The prime coat, when specified, shall be applied as set
forth in Section 223.

Spreading of the Mixture, Pavers and Laydown Machines. The base course,
primed surface, or preceding course shall be cleaned of all dirt, packed soil, or
any other foreign material prior to spreading the asphalt mixture. Asphaltic
concrete shall not be placed on any portion of an aggregate base when the
moisture content of the top two (2) inches of the base is more than two-thirds
(2/3) of the optimum moisture. The mixture shall be spread in the number of
layers and in the quantity required to obtain the compacted thickness and cross
section shown on the plans. When placing multiple layers with varying
thicknesses, the thicker layer shall be placed first. The compacted thickness of a
single layer of bituminous pavement mixture shall be no more than 2 inches for
the surface course and 4 inches for the leveling course.

The mixture, when delivered to the spreading and finishing machine shall have a
temperature of not less than two hundred degrees Fahrenheit (200°F.) and be
within twenty-five degrees Fahrenheit (25°F.) of that designated by the Engineer.
It shall be spread only when the prepared grade or preceding course is dry.
Bituminous material shall not be mixed or placed when the atmospheric
temperature is below forty degrees Fahrenheit (40°F.) or when there is frost in the
subgrade, or any other time when weather conditions are unsuitable for the type of
material being placed.

The thickness and width of each course shall conform to the typical section in the
Contract. The Contractor may construct each course in any number of layers he
chooses but no individual layer shall have a compacted thickness of more than 2
inches for the surface course and 4 inches for the leveling course.

For pavements having a width of sixteen (16) to twenty-four (24) feet, inclusive,
the asphaltic concrete pavement shall be laid in lanes approximately one-half
(1/2) the full width of the completed pavement and the full width completed as
soon as practicable. Unless otherwise permitted, a single lane of any course shall
not be constructed to a length which cannot be completed to full width of the
pavement in one day's operation. For pavement greater than twenty-four (24) feet
in width, single lane width constructed shall be limited to one day's production
and completion to full width shall be accomplished as soon as practicable.

Mechanical self-powered pavers shall be capable of spreading the mix within the
specified tolerances, true to the line, grade and crown indicated on the plans. No
segregation will be permitted in handling the mixture at the plant, from the truck,
or during spreading operations on the roadway.

Pavers shall be equipped with quick and efficient steering devices and shall be
capable of traveling both forward and in reverse. They shall be equipped with
hoppers and distributing screws that place the mix evenly in front of the
adjustable screeds. They shall be equipped with either a vibrating screed or a
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tamping bar immediately preceding a static screed.

There shall be sufficient auxiliary attachments for the paving machine so that it
may be operated to lay the necessary width as determined in the field by the
Engineer. Vibrating screed or tamp bars shall be provided for the full width of all
paving operations.

The screed shall include a strike-off device which is effective on mixes at
workable temperatures without tearing, shoving or gouging them, and which
produces a finished surface of an even and uniform texture. The screed shall be
adjustable as to the height and crown and shall be equipped with a controlled
heating device for use when required. However, for irregular width paving,
hydraulic extensions without tamping bars or a vibrating screed may be used only
along the curb or outer edge of pavement.

Automatic Screed Controls: The paver shall be equipped with and use an
approved system capable of automatically controlling the elevation and transverse
slope of the paver screed unless otherwise directed by the Engineer. An erected
stringline, traveling stringline or other approved device operating on the roadbed
being paved or the surface of the previously placed lane shall be used to establish
the grade reference. The grade reference device shall operate on either or both
sides of the paver as required and shall be capable of maintaining the desired
transverse slope regardless of changes in the screed elevation. The traveling
stringline shall be constructed in such a manner that it does not vibrate or cause
the sensor to make erroneous readings during the laydown operation. The length
of the beam to be used shall be approved by the Engineer and shall be between 20
and 40 feet. The use of the automatic screed control devices on asphalt pavers
will not be required for paving small irregular areas, entrances, approaches, or
side street connections. Automatic screed control devices will be required for
matching the joint with all previously laid strips, except for those areas noted
above.

The mixture shall be spread without tearing the surface and struck off such that
the surface is smooth and true to cross section, free from all irregularities, and of
uniform density throughout. Care shall be used in handling the mixture to avoid
segregation. As soon as the first load of material has been spread, the texture of
the unrolled surface shall be checked to determine its uniformity. Segregation of
materials shall not be permitted. If segregation occurs, the spreading operation
shall be immediately suspended until the cause is determined and corrected.
Areas of segregated mixture shall be removed and replaced with a suitable
mixture at the Contractor’s expense. The outside edge alignment shall be
uniform. Irregularities shall be corrected by adding or removing mixture before
compacting. In situations where there is a dispute in the existence of segregation,
the area in question will be tested in accordance with MoDOT Test Method TM
75. Mixture production shall immediately cease if either criteria of MoDOT Test
Method TM 75 fail. Segregated mixtures shall be removed and replaced to the
limits determined by the Engineer.
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The paving machine shall be operated so that the material does not accumulate
and remain along the sides of the receiving hopper. The wings of the spreader
hopper shall not be emptied (flipped) between truck loads. Equipment which
leaves tracks or indented areas which cannot be corrected in normal operation, or
which produces other permanent blemishes or fails to produce a satisfactory
surface, shall not be used. The screed auger shall be operated approximately 34
full and the hopper conveyor shall not be allowed to run out of material during the
paving operation.

Sufficient trucks shall be used to continuously supply asphalt to the paver. Delays
in the paving operation shall be kept to a minimum. The Contractor shall make
every effort to minimize the number of passes heavy equipment makes over
uncompleted roadway sections.

When using pavers in echelon, the second paver shall follow the edge of the
material placed by the first paver. The length of each laydown pass shall be
limited, depending on weather conditions, to assure a hot joint and obtain proper
compaction.

Any irregularities in alignment left by the paver shall be corrected by trimming
directly behind the machine. Distortion of the pavement during this operation
shall be avoided.

All courses shall be feathered out, by hand raking if necessary, in transitioning,
the depth of the surface to meet present grades at end of projects to provide a
uniform smooth riding surface free of irregularities

When the asphaltic concrete construction consists of more than a single course,
each course shall be compacted as specified and allowed to cool throughout to the
atmospheric temperature before the next course is placed. The Contractor shall
keep traffic off the asphaltic concrete until it has cooled for a sufficient period of
time to prevent flushing of the asphalt to the surface, marking or distorting the
surface, or breaking down the edges. Normally, this time will vary from two (2)
to four (4) hours, depending on the atmospheric and temperature conditions. The
final course shall be laid in the same sequence over the entire project as the
previously constructed courses unless otherwise approved by the Engineer.

In small areas where the use of mechanical finishing equipment is not practical,
the mix may be spread and finished by hand. The material shall be distributed
uniformly to avoid segregation of the coarse and fine aggregate. Broadcasting of
material shall not be permitted. During the spreading operation, all material shall
be thoroughly and uniformly distributed by lutes or rakes. Material that has
formed into lumps and does not break down readily shall be removed. Following
placing and before rolling, the surface shall be checked with templates and
straightedges and all irregularities corrected.

Wedge Course. Since one of the primary objectives of this construction is to
obtain the smoothest possible riding surface, the existing roadbed surface will be
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studied by the Engineer to determine the location's thickness of wedge courses.
This procedure may result in wedging operations over small areas, and rigid
control of placement thickness will be required to ensure desired feather-edging at
high points and ends of wedge areas. Wedge course, consisting of a layer of
asphaltic concrete of variable thickness used to eliminate irregularities in the
existing base, shall be spread uniformly to the desired profile grade and cross
section. The use of an approved finishing machine will be required on all work.
Type BP-2 mixture shall be used for all wedge course.

Compaction. Compaction of asphaltic mixtures shall consist of initial or break-
down rolling, intermediate rolling, and final or finish rolling. Except for projects
involving small quantities of mixture, initial rolling shall be performed with three
(3) wheel rollers or two (2) wheel tandem rollers weighing from eight (8) to
twelve (12) tons. Intermediate rolling shall be done with oscillating type
pneumatic-tire rollers if required by the Engineer; otherwise it shall be done with
either two (2) or three (3) wheel tandem rollers. Final rolling shall be done with
either two (2) or three (3) wheel tandem rollers weighing not less than ten (10)
tons. Rollers shall be operated at a speed of not more than three (3) miles per
hour and in a manner that will avoid shoving, cracking or displacing the mixture
during the compacting period. The Contractor shall furnish a sufficient number of
rollers to compact and finish satisfactorily the amount of mixture being placed.

The mixture shall be rolled when it is at the proper temperature to receive the
roller and when rolling does not cause undue displacement or shoving. This
proper temperature varies with the atmospheric condition and type of mixture.
Initial compaction shall be done when the mixture has cooled just sufficiently to
receive the roller. Intermediate and final compaction shall be done while the
mixture is warm and malleable enough to respond to the kneading action of the
roller. Rolling shall begin at the sides and progress gradually to the center of each
lane. Rollers shall move parallel to the center line of the roadway and uniformly
lap each preceding track. Alternate trips of the roller shall be terminated in steps
to prevent the formation of surface irregularities. The alternate stops shall be
spaced in such a manner that any excess water will drain quickly. Lateral or
diagonal rolling may be permitted to remove high spots, provided the rolling is
done in such a manner and at such a time that shoving or cracking will not result.
To prevent adhesion of the mixture, steel roller wheels shall be properly
moistened, but an excess of water will not be permitted.

All mixtures shall be thoroughly compacted and rolling shall be continued until
no further compaction is being obtained. Except as otherwise specified, all
compacted mixtures shall have a density not less than ninety-eight percent (98%)
of that obtained by the laboratory compaction of an identical mixture.

Along curbs, headers, manholes and similar structures and at all places not
accessible to the roller, thorough compaction must be secured by means of hot
tampers and at all contacts of this character the joints between these structures
must be effectively sealed.
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The compacted course shall be free of surface irregularities and shall conform to
the grade and dimensions shown on the plans. Weak areas resulting from excess
quantities of asphalt, segregation of aggregate or asphalt, areas which become
loose or broken, mixed with dirt, or are in any way defective, shall be removed
and replaced with fresh hot mixture, compacted to conform with the surrounding
area, at the Contractor 's expense.

Thin Layers (Lifts): When placing a thin lift (less than 2 in. compacted thickness)
in single-lane width or full width, the mixture should be rolled in the following
sequence:

1. Transverse joint.

2. Outside edge.

3. Breakdown rolling, beginning on the low side.
4. Intermediate rolling; same procedure as Step 3.
5. Finish rolling.

When paving a thin lift in echelon, or when abutting a previously placed lane or
other lateral restraint, the mixture should be rolled in the following sequence:
Transverse joint.

Longitudinal joint.

Outside edge.

Breakdown rolling, beginning on the low side.

Intermediate rolling; same procedure as Step 4.

Finish rolling.

S s

Thick Layers (Lifts): When placing a thick lift (2 in. or more compacted
thickness) in single-lane width or full width, the mixture should be rolled in the
following sequence:
1. Transverse joint.
2. Breakdown rolling, beginning 12 to 15 in. interior to the lower
unsupported edge. The return pass shall be made with the edge of the
roller 3 inches exterior to the unsupported edge of the pavement.
3. Breakdown rolling of outside edge. Repeat the process described in
Step 2 above on the other longitudinal edge.
4. Intermediate rolling, beginning on the low side.
5. Finish rolling.

When paving a thick lift in echelon, or when abutting a previously placed lane or
other lateral restraint, the mixture should be rolled in the following sequence:

1. Transverse joint.

2. Longitudinal joint.

3. Breakdown rolling, beginning at the longitudinal joint.

4. Intermediate rolling, beginning on the low side.

5. Finish rolling.

When paving in echelon, 2-3 inches of the first mat shall be left unrolled, and
rolled when the joint between the lanes is rolled and after the 2nd mat is placed.
Edges shall not be exposed more than fifteen minutes without being rolled.

222-14



Particular attention shall be given to the construction of transverse and
longitudinal joints in all courses.

In laying a surface mix adjacent to any finished area, it shall be placed sufficiently
high so that, when compacted, the finished surface will be true and uniform.
Where the grade is slight a level will be used to ensure drainage to the desired
outlet.

Transverse joints: When the transverse joint is next to an adjoining lane, the first
pass shall be made with a static steel-wheeled roller moving along the
longitudinal joint for a few feet. The surface will then be checked with a
straightedge and corrections shall be made if necessary. The joint then shall be
rolled transversely, with 6 in. of the drum width on the newly laid material. This
operation shall be repeated with successive passes, each covering an additional 6
to 8 in. of the new mat, until the entire width of a drive roll is on the new mixture.
During transverse rolling, wooden boards of the proper thickness should be placed
at the edge of the pavement to give the roller a surface to drive on once it passes
the edge of the mat. If boards are not used, transverse rolling must stop 6 to 8 in.
short of the outside edge to prevent damaging it, and the edge must be compacted
later during longitudinal rolling. Transverse joints shall be carefully constructed
and thoroughly compacted to provide a smooth riding surface. If the joint has
been distorted, it shall be trimmed to a line. The joint face shall be tacked before
the fresh material is placed against it.

Longitudinal joints: Longitudinal joints shall be rolled directly behind the paving
operation. The edge to be joined shall be tack coated. The paver screed shall be
set to overlap the first mat by 1-2 inches. The elevation of the screed above the
surface of the first mat should be equal to the amount of roll-down expected
during compaction of the new mat. For large aggregate mixes, the coarse
aggregate in the material overlapping the cold joint should be carefully removed
and wasted, leaving only the finer portion of the mixture to be pressed into the
compacted lane at the time the joint is rolled. For mixes with smaller coarse
aggregate, such as surface courses, the overlapping material should be pushed
with a lute into a hump over the joint area prior to compaction.

Edges: The edges of the pavement shall be rolled concurrently with or
immediately after rolling the longitudinal joint. In rolling pavement edges, roller
wheels shall extend 2-4 inches beyond the pavement edge provided the lateral
displacement is not excessive.

Breakdown Rolling: Breakdown rolling shall immediately follow the rolling of
the longitudinal joint and edges. Rollers shall be operated as close to the paver as
necessary to obtain adequate density without causing undue displacement. The
breakdown roller shall be operated with the drive wheel nearest the laydown
machine. Exceptions may be made by the Engineer when working on steep
slopes or super-elevated curves.

Intermediate Rolling: Pneumatic-tired rollers shall be used for intermediate
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rolling. The intermediate rolling shall follow the breakdown rolling as closely as
possible and while the paving mix is still of a temperature that will result in
maximum density from this operation. Pneumatic-tired rolling shall be
continuous after the initial rolling until all of the mix placed has been compacted
to the required density. Turning of pneumatic-tired rollers on the hot paving mix
which causes displacement shall not be permitted.

Finish Rolling: The finish rolling shall be accomplished while the material is still
warm enough for the removal of roller marks. All roller marks shall be removed
by the finish rolling operation. All rolling operations shall be conducted in close
sequence.

In places inaccessible for the operation of standard rollers as specified,
compaction shall be performed by trench rollers or others meeting the
requirements of Section 222.3.4 entitled "Rollers." The trench roller shall be
operated until the lift is thoroughly compacted. Hand tamping, manual or
mechanical, may be used in such areas, if such operations will give the required
density.

Joints. Longitudinal joints and edges shall be constructed to true lines. Lines for
the paver to follow in placing individual lanes will be established parallel to the
centerline of the proposed roadway. The paver shall be positioned and operated
to follow closely the established line. Transverse joints in succeeding courses
shall be offset at least 2 feet. Longitudinal Joints shall be offset at least 6 inches.
The longitudinal joints shall be laid out so that the surface joint is under the lane
markings where possible. Edges against which additional pavement is to be
placed shall be placed on a 30° (2:1) bevel, or as specified by the Engineer. Any
irregularities in the surface of the pavement course shall be corrected directly
behind the paver. Excess material forming high spots shall be removed by a
shovel or lute. Indented areas shall be filled with hot mix and smoothed.
Broadcasting of material shall not be permitted.

Well bonded and sealed joints are required. Joints between old and new
pavements, or between successive day's work shall be carefully made in such a
manner as to ensure thorough and continuous bond between the old and new
surfaces. Hot soothers or tampers shall be carefully employed in such a manner
as to heat up the old pavement sufficiently (without burning it) to ensure a proper
bond. Before placing mixture against them, all contact surfaces of dry
longitudinal joints, curbs, gutters, headers, manholes, etc., shall be painted with a
thin uniform coating of primer. In making the joint along any adjoining edge
such as a curb, gutter, or an adjacent paving and after the hot mixture is placed by
the finishing machine, just enough of the hot material shall be carried back to fill
any space left open. The joint shall be properly "set-up" with the back of rake at
proper height and level to receive the maximum compression under rolling. The
work of "setting-up" this joint shall be performed always by competent workmen
who are capable of making a correct, clean, and neat joint.
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1. Testing Pavement. At least one in situ density test shall be conducted per 300
linear feet of street pavement, and three 4 diameter core samples shall be taken
per 500 linear feet of street pavement for the determination of the average
pavement thickness. The finished courses shall have the thickness shown on the
plans and shall be free from waves or irregularities and shall not vary from a ten
(10) foot straight-edge, applied parallel to the center line, by more than one-half
(1/2) inch on the first or intermediate courses and not more than one-eighth (1/8)
inch on the surface course.

For determining the qualities of the mixture in the compacted state, specimens
shall be sawed from any finished course as directed by the Engineer. The area
damaged by removing the specimen shall be repaired with hot mixture properly
compacted. For cutting samples of compacted mixture from the pavement as
directed by the Engineer and replacement of the surface, the Contractor will be
paid five dollars ($5.00) per sample.

222.5. Method of Measurement. Measurement of asphaltic concrete will be made to the
nearest ton of satisfactory mixture complete in place. When the mixture is produced by a batch
type plant, the batch weights will be used to determine the tonnage. When the mixture is
produced by a continuous mixer type plant, the quantity of mixture will be determined by
weighing each truck load on an accurate and reliable scale approved by the Engineer.

222.6. Basis of Payment. The quantities complete in place and accepted, will be paid for
at the applicable Contract unit prices per ton, as described below, which payment shall be full
compensation for furnishing, mixing, hauling and placing materials, and for all labor and use of
equipment, tools and incidentals necessary to complete the work in accordance with these
specifications. Payment will be made for asphaltic concrete placed in accordance with these
specifications, as follows:

Item 222.1. Wedge course, per ton or square yard.

Item 222.2. Asphaltic concrete base, per ton or square yard.

Item 222.3. Type BP-1 asphaltic concrete, per ton or square yard.
Item 222.4. Type BP-2 asphaltic concrete, per ton or square yard.
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SECTION 223

PREPARATION OF BASE AND APPLICATION OF PRIMER AND TACK COATS

223.1. Description. Preparation of base and application of primer shall consist of
applying a primer or tack coat to a prepared base. The type and grade of prime material
to be used will be specified in the Contract.

223.2. Materials. All materials shall conform to the requirements of the Asphalt
Paving Institute MS-4 and MS-5 requirements. Performance graded binders shall be in
conformance with Section 220.3

The quantity of asphalt in emulsified asphalts may be reduced to thirty-five
percent (35%) when directed by the Engineer.

223.3. Equipment. The equipment required on this work shall consist of a
pressure distributor meeting the requirements specified below and other approved
equipment including a five (5) ton roller. The pressure distributor shall be so designed,
equipped, maintained and operated that liquid asphalt at even heat may be applied
uniformly on variable widths of surface up to 15 feet at readily determined and controlled
rates from 0.02 to 1.00 gallons per square yard, with uniform pressure, and with an
allowable variation from the specified rate not to exceed 0.02 gallons per square yard.
Distributor equipment shall include a tachometer, pressure gauges, a calibrated tank and a
thermometer for measuring temperatures of tank contents. Distributors shall be equipped
with a power unit for the pump, and full circulation spray bars adjustable laterally and
vertically. The calibration of all distributors must be approved by the Engineer, and the
Contractor shall furnish all equipment, material and assistance necessary if calibration is
required. The pressure distributor shall be designed and equipped with pressure gauges to
enable the operator to control the flow and to distribute the primer under a uniform
pressure of not less than twenty-five (25) pounds per square inch. Adjustable length,
spray bars shall be operated a proper distance above the ground to ensure a fifty percent
(50%) lap of the sprays from adjacent jets.

223.4. Construction Procedure. Preparation of Base.

Prime Coats:

a. Prime coats shall be used at all cul-de-sacs, intersections, and where
pavement lifts are less than 4”.
b. Absorbent Surface. The surface to be primed shall be shaped to the

required grade and cross section, shall be free from all ruts, corrugations,
segregated material or other irregularities, and shall be uniformly
compacted by rolling. When the base consists of bound aggregate, loose
gravel, or stone, the existing surface shall be prepared by wetting, if
necessary, and blading and rolling in accordance with Section 205 unless
otherwise specified. These operations shall continue until a smooth,
uniform and compact surface is obtained, and shall be performed just prior
to applying the primer. The surface shall be slightly damp and firm when
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primer is applied, no direct payment will be made for furnishing or
applying any required water. Delays in priming may necessitate
reprocessing or reshaping to provide a smooth compacted surface.

C. Non-absorbent Surface. When the base is of concrete, brick, or other non-
absorbent surface, the surface of the base shall be cleaned of all dust, loose
material, grease or other foreign material, and shall be maintained in this
condition until the primer is applied. Any fat bituminous surface mixture
or bituminous joint material will be removed by others without cost to the
Contractor before the primer is applied. If sixty to one hundred (60-100)
Penetration Asphalt is permitted as an alternate for RC-0 for primer on
non-absorbent type of surface, the penetration asphalt shall be cut back by
the addition of naphtha to produce a final product that is the approximate
equivalent of RC-0. The naphtha used shall have an initial boiling point of
not less than one hundred eighty degrees Fahrenheit (180 F.) and an end
point not greater than three hundred fifty degrees Fahrenheit (350 F.).

The prepared and primed base shall meet the requirements of the
specification relating to such work at the time it is covered, regardless of
when the primer is applied. The surface of the base shall be dry when the
primer is applied, except in the case of emulsion primer.

Tack Coats

a. Tack coats shall be used at all cul-de-sacs and intersections.

C. Water soluble tack coat is to be used as curing compound on street patch
SP-5 and may be cut with water.

b. The existing surface shall be free of all dust, loose material, grease or

other foreign material at the time the tack is applied. Any excess surface
oil on roadway or bituminous joint material will be removed by others
without cost to the owner before the tack is applied.

The primer and tack coats shall be applied per the following table:

Material to | Application | Type of Applicati | Application Cure Time
be Treated Usage Emulsion or on Rate Temperature at 70°F
Grade of (Gal/SY) | (°F)
Cutback
Existing Tack RC-70 0.05-0.10 | 150-225 1-6 hrs
Asphaltor | Tack SS-1 0.05-0.15 | 70-160 1-3 hrs
Concrete SS-1h
Surface CSS-1
CSS-1h
Treated Prime MC-30 0.1-0.3 85-120 12-24 hrs
Base, i.e. MC-70
lime, fly ash ["prime SS-1 0.1-0.3 | 70-160 24-48 hrs
cement SS-1h
CSS-1
CSS-1h
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Material to | Application | Type of Applicati | Application Cure Time
be Treated Usage Emulsion or on Rate Temperature at 70°F
Grade of (Gal/SY) | (°F)
Cutback
Untreated Prime MC-30 0.1-0.3 85-120 12-24 hrs
Aggregate MC-70
Base w/
Fines
Untreated Prime MC-250 0.1-0.3 85-120 12-24 hrs
Aggregate
Base w/o
Fines
Untreated Prime SS-1 0.1-0.3 70-160 24-48 hrs
Aggregate SS-1h
Base CSS-1
CSS-1h
Prime EAP, 0.1-0.3 60-160 12-24 hrs
PAE, or
PEP

Application of Prime Coat. Bituminous material shall be applied to the width of
the section to be primed by means of a pressure distributor in a uniform, continuous
spread. The subgrade shall be moistened before the prime is applied. The application
rate shall be as specified in the Contract or as approved by the Engineer between 0.1 and
0.5 gallons per square yard. The primer shall be heated at the time of application to a
temperature in accordance with the limits provided in the table above, or as specified in
the Contract.

Care shall be taken that the application of bituminous material at the junctions of
spreads is not in excess of the specified quantity. Building paper shall be placed over the
end of the previous applications and the joining application shall start on the building
paper. Building paper used shall be removed and satisfactorily disposed of. Pools of
primer material remaining on the surface after the application shall be removed. The
primer shall be properly cured and the primed surface shall be cleaned of all dirt and
surplus sand, before the next course is placed.

When traffic is maintained, not more than one half of the width of the section
shall be treated in one application and one-way traffic will be permitted on the untreated
portion of the roadbed. As soon as the bituminous material has been absorbed by the
surface and will not pick up, traffic shall be routed to the treated portion and the
remaining width of the section will be primed. The primer shall be properly cured, and
the primed surface shall be cleaned of all dirt and surplus sand before the next course is
placed. The prime coat for non-absorbent surfaces may be applied full width, provided
the primed surface including entrances and side streets is blotted with sand in such
quantity as directed by the Engineer before it is opened to traffic.

Primer shall be applied only when the atmospheric temperature is above fifty

degrees Fahrenheit (50°F.), and when ground and other conditions are favorable. It shall
be the Contractor 's responsibility to maintain or restore the completed primed surface in
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such a manner that a smooth, uniform surface will be available for the next course.

Application of Tack Coat. Asphalt emulsion shall be applied uniformly with a
pressure distributor at the rate specified in the table above, as specified by the Contract,
or as revised by the Engineer to be within a minimum of 0.05 and a maximum of 0.15
gallons per square yard. Water may be added to the asphalt emulsion and mixed
therewith in such proportion that the resulting mixture will contain not more than 50% of
added water, the quantity of added water to be approved by the Engineer. The
application of the resulting mixture shall be such that the original emulsion will be spread
at the specified rate. The asphalt emulsion shall be heated at the time of application to a
temperature in accordance with the above table. The tack shall be properly cured and the
tacked surface shall be cleaned of all dirt and surplus sand before the next course is
placed.

223.5. Method of Measurement. Measurement of bituminous material to the
nearest ten (10) gallons will be made as specified in Section 220.2, Measurement of

Liquid Bituminous Materials.

Measure of material for sanding primer will be made to the nearest ton, weighed
in the vehicle at such location as may be directed by the Engineer.

223.6. Basis of Payment. Payment for bituminous material will be made at the
Contract unit price per gallon.

Payment for furnishing and spreading sand on the primed surface will be made at
Contract unit price per ton. Payment will be made under:

Item 223.1. Primer, per gallon.
Item 223.2. Sanding primer, per ton.
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SECTION 224

PAVING FABRIC

224.1. Description. This work shall consist of furnish and installing a
fiberglass/polyester interlayer-paving mat as shown on the plans and specifications.

224.2. Material Requirements.

224.2.1. Paving mat. Paving mat shall be Owens Corning TRUPAVE
Engineered Paving Mat (4 ounces/square yard) or approved equal. The paving mat shall
be constructed of a wet-formed nonwoven material consisting of at least 60% fiberglass
(by weight), the remainder comprised of polyester and binder. The material shall have a
minimum average roll value (MARYV) unit weight of 3.69 0z./SY. The material shall be
resistant to chemicals, mildew and rot, and shall not have any tears or holes that will
adversely affect the in-situ performance and physical properties of the installed material.
The paving mat shall meet the following physical requirements:

PHYSICAL PROPERTIES OF ENGINEERED PAVING MAT:

Property Test Method Units Typical Value
Mass per unit area ASTM D2561 oz./yd? 4.0
Tensile strength MD ASTM D50351 1b/2 in 45
Tensile strength CD ASTM D5035 1b/2 in 45
Elongation at maximum load ~ MD ASTM D5035 % <5
Elongation at maximum load ~ CD ASTM D5035 % <5
Melting point ASTM D276 °F > 446

Note: Conditions for tensile strength measurements:
Sample width: 2 in. Sample length: 10 in.
Gage length: 6 in. Crosshead speed: 2 in./min.

2242.1.1. The mat manufacturer shall furnish a letter of certification
covering the physical and engineering properties of the mat. A letter of certification shall
be furnished with each shipment stating that the mat complies with the specification
requirements.

224.3. Paving mat installation. Installation of paving mat interlayer shall be
performed or supervised during start-up by a trained and experienced installer certified by
the manufacturer or their agent(s).

224.3.1. Surface to be overlaid with the paving mat shall be cleaned, dry
and free and clear of all dirt and debris. All surface cracks over 1.4 inches shall be filled
and brought to level of the existing pavement surface. At the direction of the Engineer,
any and all irregular surface conditions shall be leveled by the use of a bituminous wedge
or scratch course installed by hand or with the use of a mechanically powered asphalt-
paving machine. Ambient temperature for installation of mat should be 40°F or higher.
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224.3.2. Mat shall be installed to the surface using mechanically powered
installation equipment or by hand installed means. Mechanical equipment shall be
capable of installing full width rolls of up to 12.5 feet in width. The installation by hand
may also be used in situations where areas require specially cut sections, and/or where
mechanically installed methods can not be accomplished. Brooms or squeegees shall be
used to remove any air bubbles and ensure paving mat is completely in contact with the
tack-coated surface. If wrinkles occur, any wrinkle (1 inch) shall be slit and lapped in the
direction of paving and seated into the tack coat to ensure adhesion.

224.3.3. Paving mat shall be overlapped to provide a minimum of 2 inches
longitudinally and a minimum of 4 inches transversely. Overlaps on the transverse roll
ends shall be in the direction of the paving operation to avoid paving mat pick-up during
asphalt installation. All overlapping of paving mat shall be tack coated to ensure proper
adhesion.

224.4. Tack coat application. The asphalt tack coat shall be hot applied asphalt
cement meeting grade requirements of AC, AR, or PG specifications. Every effort
should be made in order to install paving mat over hot asphalt tack coat. It is
recommended that an AC-20, PG64-22, AR-8000 (see NOTE), or a 60-80 penetration
grade of asphalt be applied for normal installations and temperatures. For extremely high
summertime temperatures higher viscosity asphalt should be used. AC-30, PG70-22,
AR-8000 (see NOTE), or 40-60 penetration grades are appropriate. Optimum tack
temperature is between 300°-400°F at the installation point. NOTE: Residue grades such
as AR grades do not specify initial viscosity. Bituminous materials specified for
engineered paving mat installation should have initial or un-aged viscosities
corresponding to the above AC grades.

224.4.1. An optimum tack coat application rate shall be 0.20 gal/SY. At the
discretion and direction of the Engineer, the application rate may be increased for heavily
aged and/or deteriorated pavements (0.18-0.25 gal/SY). In the event that the Contractor
has applied less and/or more tack coat than is required, the Engineer shall direct the
Contractor to make the necessary adjustments to the equipment to achieve the desired
result. The use of cutbacks, emulsion or materials containing solvents shall not be
permitted for use as tack coat.

224.5. Application procedures. The tack coat application shall be applied using a
mechanically operated distributor truck, calibrated to meet the specified application rate
as called for in the plans and specifications. The tack coat application temperatures shall
be sufficiently hot so as to ensure proper coverage and proper adhesion of the paving mat
to the pavement surface. The use of hand sprayers, squeegee and or brush-applied tack
coat may be used in locations where the distributor truck cannot reach. Every effort shall
be made to minimize the application of tack coat by handapplied means. The tack coat
shall be applied in a uniform application to sufficiently cover the surface prior to the
installation of the paving mat. The surface shall be dry and free and clear of all debris
and loose materials prior to the installation of the tack coat. Any and all pavement
repairs to be made shall be made at the direction of the Engineer prior to the installation
of the tack coat.
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224.5.1. The application width of tack coat shall be sufficiently wide to
cover the entire width of the paving mat, plus any additional width required for
overlapping joints. The tack coat shall be applied only as far in advance of the mat
installation to ensure a tacky surface at the time of the mat installation. Traffic shall not
be permitted to drive on the tack coat at any time.

224.5.2. Excess tack coat shall be cleaned from the pavement. In the event
that installation operations must be curtailed, best practice is to barricade the affected
area where the tack coat and mat have been installed, preventing vehicular traffic from
driving on the prepared surface. In instances where the best practice is not feasible, the
pavement may be opened to traffic after installation of engineered paving mat at the
Engineer’s discretion.

224.5.3. Blotting the sealant, spreading sand or broadcasting bituminous
asphalt mix over the paving mat shall be utilized to minimize and prevent construction
and/or paving tires/tracks from adhering to the tack coat and pulling up the mat. In the
even that the paving mat has been displaced from the surface, additional rolling and or
hand-brushing will be required to restore the bond between the surface and paving mat.
An additional application of tack may be required to ensure adhesion. Additional tack
coat or labor shall not be paid for as an extra and shall be considered incidental to the
installation of the paving mat.

224.6. Measurement and Payment.

224.6.1. The fiberglass/polyester interlayer-paving mat shall be paid for in
accordance with these plans and specifications. The unit measurement shall be paid for
at the Contract unit price per square yard installed in place. Overlaps in the paving mat
will not be measured and included in the payment quantities.

224.6.2. The accepted quantities subject to payment shall be paid for on the
basis of furnishing all labor, materials (including asphalt tack coat), tools, equipment, and
incidentals for performing the required work involved in furnishing and placing the mat,
complete.

Item 224.1. Paving fabric, per square yard.
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SECTION 225

BITUMINOUS PLANT MIX

225.1. Description. Bituminous plant mix, shall consist of a mixture of mineral
aggregate and bituminous binder prepared in a stationary plant.

225.2. Materials.

225.2.1. Performance graded binder shall conform to the City of Columbia
Specifications, Section 220, Bituminous Materials.

225.2.2. Graded Aggregate shall conform to, specifications for aggregate
used by all departments of the City of Columbia.

225.2.3. The type of bituminous material and grade of aggregate will be
specified in the Contract. In addition to the above requirements, any bituminous material
used shall perform satisfactorily when mixed with the aggregate. It shall coat the
aggregate, resist the washing action of water, and set to the satisfaction of the Engineer.
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SECTION 226

PLANT MIX BITUMINOUS STABILIZED BASE
(Divided Aggregate Type)

226.1. Description. Plant mix bituminous stabilized base, divided aggregate type,
shall consist of mineral aggregate and bituminous binder prepared in a stationary plant by
separating the aggregate into two (2) or more fractions and recombining in the mixer.

The mixture shall be placed on a prepared subgrade in conformity with the line, grade,
and section shown on the plans. Placing and compaction shall conform with the
requirements of Section 222 — Asphaltic Concrete Pavement.

226.2. Materials.

226.2.1. All materials shall conform to the following sections of these
specifications

Item Section

Asphalt Binder, PG64-22 or per specs 220.3

Graded Aggregate 227

Mineral Filler 221.3

226.2.2. Aggregate shall consist of crushed limestone or dolomite, except as

hereinafter permitted, and at the time of mixing with bituminous material, shall meet the
following gradation requirements:

Passing 1 1/2 inch sieve 100%

Passing 1/2 inch sieve 60 - 90%
Passing No. 4 sieve 35-65%
Passing No. 10 sieve 25-45%
Passing No. 40 sieve 10 - 30%
Passing No. 200 sieve 5-12%

At the option of the Contractor, fine aggregate conforming to the requirements of
Section 221.2. may be incorporated into the mixture. The total amount of such fine
aggregate shall not exceed thirty percent (30%) by weight of the combined aggregate and
it shall be added at the asphalt plant by means of a separate cold aggregate feeder.

226.2.2.1. The percent passing the No. 10 sieve and retained on the No. 200
sieve shall be not less than eighteen percent (18%). Prior to the start of bituminous work,
the Contractor shall submit representative samples of aggregates and bituminous material
intended for use, for purposes of determining the specific gravity of a laboratory
compacted sample and the percentage of bituminous material to be used. Upon approval
of the materials submitted, the Contractor will be required to furnish the aggregate not
only within the above specified ranges but as a further requirement it shall not vary from
the approved gradation by more than the following tolerances:

Passing No. 10 sieve -- Plus or minus 5.0 percent
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Passing No. 200 sieve -- Plus or minus 2.0 percent

226.2.3. The type of bituminous material will be specified in the Contract
and the Engineer will designate the grade after examination of the mineral aggregates
which the Contractor proposes to furnish.

226.2.4. The composition of the mixture shall be as directed by the
Engineer and shall conform to the following limits by weight:

Total Mineral Aggregate 94-97%
Bituminous Material 3-6%

The Engineer reserves the right to make such charges in the proportions of
bituminous material and aggregate which he considers necessary within the limits of the
specifications. The amount of bituminous material in the mixture shall not vary from that
specified by the Engineer by more than plus or minus 0.5 percent. The bituminous
material and mineral aggregate shall result in a bituminous mixture which will be durable
and retain satisfactory cohesion and stability in the presence of moisture. Chemical
additions, approved by the Engineer, may be made to the bituminous material or to the
mixture.

226.3. Equipment.

226.3.1. The plant used for the preparation of the mixture shall include cold
aggregate feeders, rotary dryer, screens, storage bins with at least two (2) compartments
for dried aggregate, thermometric equipment for registering the temperatures of
aggregate and bituminous material, either scales or volumetric proportioning devices for
controlling the quantity of each ingredient of the mixture, a twin shaft pugmill or other
approved type of mixer, and any other equipment necessary to produce the mixture as
specified.

226.3.2. Batch type plants shall be equipped with scales for accurately
weighing each size of mineral aggregate. Scales for any weigh box or hopper may be
either of the beam or springless dial type and shall be so designed that they may be
maintained with a maximum tolerance of 0.4 percent of the net load applied. Beam type
sales shall be equipped with a separate beam for each type of material to be weighed and
with an accurate telltale dial. The bituminous material may be measured either by
weighing or by metering devices capable of controlling the quantity to within one percent
(1%) of the required amount. Suitable equipment shall be provided either by steam
jacketing or other means, for maintaining the specified temperature of the bituminous
material in the pipe lines, meters, weigh buckets and other parts of the bituminous
material system.

226.3.3. Continuous mixing plants shall include a means for accurately
proportioning each bin size of aggregate and mineral filler either by weighing or by
volumetric measurement. When volume proportioning is used, the unit shall include a
feeder mounted under the compartment bins. The flow of material from each bin shall be
through an accurately calibrated orifice. The orifice shall be controlled by an adjustable
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gate and indicators shall be provided on each gate to show the opening in inches. The
calibration of the gate openings shall be determined by weighed test samples.

226.3.3.1. When continuous mixing plants are used, the bituminous material
shall be proportioned by volume through an approved asphalt metering pump. The
asphalt shall be sprayed on the aggregate as it is charged into the mixer. The aggregate
proportioning unit and the asphalt metering pump shall be mechanically interlocked.
This interlocking device shall be of a type that the quantity of either asphalt or aggregate
can be positively adjusted and when the correct proportions are established the flow can
be accurately controlled.

226.3.4. Test weights, scales, and other equipment necessary for calibration
of the plant and for verifying the accuracy of proportions shall be furnished by the
Contractor and shall be available at all times. The operation of the individual units of the
plant shall be so coordinated and controlled that an accurately proportioned and uniform
mixture complying with these specifications will be produced.

226.4. Construction Procedure.

226.4.1. The bituminous mixture shall be placed on a subgrade prepared as
specified in Section 205.

226.4.2. Preparation of Bituminous Materials. The bituminous material
used in the mixture shall be carefully heated, without damage by overheating, to a
workable temperature within the range specified in Section 220.4., Application
Temperatures for Bituminous Materials. If methods other than steam are used, the
material shall be agitated continuously to prevent localized heating.

226.4.3. Preparation of Aggregate. The mineral aggregate shall be fed into
the drier through approved aggregate feeders of any type which will control accurately
the total and proportional feed. The drier shall be equipped with heating equipment
which can be positively regulated and an efficient dust collecting system preventing the
loss of fine material. The material collected shall be returned to the mixture at a uniform
rate or wasted as approved by the Engineer. When the aggregate is furnished in more
than one (1) fraction, each fraction shall be proportioned through a separate mechanical
feeder. The dried and heated aggregate shall be screened into two (2) sizes on a screen
having an opening not larger than the No. 4 nor smaller than the No. 10 sieve. Each size
of aggregate shall be kept in a separate compartment of the storage bins until
proportioned for mixing. The temperature of the aggregate, when delivered to the mixer,
shall be within the same range as that specified for bituminous material in Section 220.4,
for the type and grade of bituminous material being used. The absorbed moisture in the
aggregate shall be reduced to such a quantity that there will be no segregation of material
resulting from escaping water vapor in the prepared mixture.

226.4.4. Preparation of Mixture. The mineral aggregate, bituminous
material, and mineral filler if required, shall be measured separately and accurately in the
proportions directed by the Engineer. The ingredients of the mixture may be measured
either by volume or by weight as specified herein. Mixing shall be done in either a batch

226-3



type or continuous type pugmill mixer. The bituminous material and aggregate shall be
mixed until all particles are uniformly coated. Dry mixing prior to the application of the
bituminous material may be required to prevent the formation of dust balls. The mixing
time shall be as specified in Section 222 for Batch Type Plants or for Continuous Mixing
Plants. The mixing unit on batch type plants shall include a device which will govern the
mixing time and maintain it constant unless a change is ordered by the Engineer. The
final mixture, when discharged from the pugmill, shall be sufficiently workable to permit
satisfactory placement. The temperature of the mixture shall not vary more than twenty
five degrees Fahrenheit (25 F.) from that designated by the Engineer and in all cases
shall be within the same range as that specified for bituminous material in Section 220,
for the type and grade of bituminous material being used.

226.4.5. Transportation, spreading, joints, and compaction shall be per
Section 222 — Asphaltic Concrete Pavement.

226.4.6. Testing Pavement.

226.4.6.1. During construction, the Engineer will make as many tests as are
necessary to assure that the course is being constructed of proper thickness, composition
and density. At least one in situ density test shall be conducted per 300 linear feet of
street pavement, and three 4 diameter core samples shall be taken per 500 linear feet of
street pavement for the determination of the average pavement thickness. The Contractor
will be required to cut samples of the compacted mixture from any course at locations
designated by the Engineer and shall deliver them to the field laboratory in good
condition. Samples may be obtained by either sawing with a power driven saw or by
drilling four (4) inch diameter cores. Each sawed sample shall consist of a single piece of
the pavement of the size designated by the Engineer but not larger than twelve (12)
inches square. Each cored sample shall consist of three (3) cores. All samples shall be
taken the full depth of the layer to be tested and shall consist of an undisturbed portion of
the compacted mixture. The surface from which samples have been taken shall be
restored by the Contractor not later than the next succeeding day of plant operation.
Payment for sawing or drilling and delivering samples of compacted mixture from the
pavement and replacement of the surface will be made at five dollars ($5.00) per sample.

226.5. Method of Measurement.

Method No. 1: Plant Mix Bituminous Stabilized Base, measured to the nearest ton
(2000 pounds).

Method No. 2: Mineral aggregate, measured on a tonnage basis of two thousand
(2000) pounds; bituminous material, measured to the nearest ten (10)
gallons.

226.6. Basis of Payment.

226.6.1 The quantities, complete in place and accepted, will be paid for at
the applicable Contract unit price, which payment shall be full compensation for
preparation of subgrade, furnishing, hauling and placing all materials, compaction

226-4



equipment, tools, labor and work incidental thereto. Payment will be made under:
Method No. 1:Item No. 226.1. Plant mix bituminous stabilized base, per ton

Method No. 2: Item No. 226.2. Mineral aggregate, per ton
Item No. 226.3. Bituminous material, per gallon
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SECTION 227

GRADED AGGREGATE FOR BITUMINOUS MIX

227.1. Graded aggregate for bituminous mix shall consist of sound, durable rock
particles, free from objectionable coatings. When the aggregate is tested in accordance
with AASHTO T-96-58(C) (Los Angeles Abrasion), the percentage of deleterious
substances shall not exceed the following values and the sum of percentages of all
deleterious substances shall not exceed eight percent (8%):

Deleterious Rock 8.0%
Mud Balls and Shale Combined 2.0%
Clay 3.0%

Other Deleterious Substances 0.5%

227.2. The aggregate shall comply with the following requirements as specified
in the proposal:

PERCENTAGE PASSING BY WEIGHT

G KIND OF
R MATERIAL SIEVE SIZES
A 1" 3/4" 172" 3/8" No. 4 No. 10 | No.40 | No. 200
D
E
A | Gravel or

Crushed Stone 100 90-100 | 65-85 40-65 25-50 10-30 0-5 or 5-10
B | Gravel 100 90-100 | 65-85 40-65 20-50 5-25 0-5 or 5-10
C | Crushed Stone 100 90-100 | 65-85 25-55 15-40 5-20 0-7
D | Gravel or Chat 100 80-100 | ... 40-65 20-55 8-25 0-5 or 5-10
E | Gravel or Chat 100 95-100 | ... 60-90 35-65 10-30 0-5 or 5-12
F | Gravel or Chat 100 75-100 | 50-80 25-50 7-25 0-5
G | Gravel, Chat or

Crushed Stone 100 80-95 25-55 15-40 5-20 0-5 or 5-10
H | Crushed Stone 100 75-90 20-40 5-15 3-10 0-7
I | Crushed Stone 100 90-100 | ... 40-65 20-50 10-30 5-15

227.2.1. If Grade A, B, D, E or G is specified, the proposal may designate

one or the other of the ranges of material passing the No. 200 sieve. If the range is not so
designated, the Contractor shall notify the Engineer of the range he proposes to use in
order that the proper bituminous binder may be specified.
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SECTION 228

SUPERIOR PERFORMING ASPHALTIC PAVEMENT (SUPERPAVE) MATERIALS

228.1. Performance Graded Asphalt Binder.

228.1.1. Approval of Source. The Contractor shall obtain approval of the source of
bituminous material from the Engineer before any shipments to the work are made.

228.1.1.2. Sampling, Testing and Acceptance Procedures. The supplier shall certify that
bituminous material complies with the specification requirements.

228.1.1.2.1.  Certification. The supplier shall furnish the truck driver a copy of the bill of
lading, manifest or truck ticket that is to be available to the Engineer at destination prior to
unloading. The Engineer at the source shall be furnished a copy. The bill of lading, manifest or
truck ticket shall provide the following information regarding the shipment: type and grade of
material; specific gravity at 60° F; net gallons; consignee; truck number; identification number;
weight of truck before and after loading; destination; date loaded; name and location of the source;
and a certification statement. The certification statement shall be signed by an authorized
representative of the supplier and shall be substantially as follows:

"This certifies that the bituminous material in this shipment complies with
MoDOT or City of Columbia specifications for the grade specified and the
weights shown hereon were obtained on MoDOT approved scales and are

correct within the specified scale requirements."

228.1.1.2.2.  Sampling. The Engineer may, at random, observe the sampling and testing of
truck shipments and tanks and will select representative samples of the material being supplied for
testing in the field or in a testing laboratory. When test results certified by the supplier are not
representative of the material being shipped, the source approval will be withdrawn. A source may
be reinstated when proof is furnished that the deficiency has been corrected and adequate controls
are in effect to guarantee delivery of material meeting specifications.

228.1.1.2.3.  Sampling Equipment. The supplier shall furnish the required sampling
equipment and shall sample the truck under the direction of the Engineer. The supplier shall be
responsible for keeping all sampling equipment clean and in good condition. Sampling devices on
truck transports will be approved provided that an adequately insulated valve is used with a pipe or
nipple inserted a suitable distance into the tank.

228.1.1.2.4. Truck Log. Each truck transport shall carry a log showing types of material
and the dates hauled with respect to previous shipments, or the supplier shall furnish to the Engineer
such information with respect to the previous load.

228.1.1.2.5. Intermediate Storage. Intermediate storage tanks for storage and transfer of
material between the refinery or terminal and the point of acceptance shall be equipped for sealing
and shall be reserved for City of Columbia or MoDOT work. Use of any material from unsealed
tanks will be subject to delay until material can be sampled, tested, and approved.
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228.1.1.2.6.  Other Transportation. At sources from which liquid bituminous material is
being accepted by certification, the applicable requirements of the foregoing sections shall be
followed for shipments of material in transportation units other than trucks. The certification and all
information regarding each shipment shall be furnished to the Engineer at the source.

228.1.1.3. Proportioning and Blending Bituminous Material Constituents. All materials
shall be properly proportioned and thoroughly blended in suitable tanks prior to delivery to
transportation equipment, or material may be proportioned and blended by use of automatic
proportioning equipment. All automatic-proportioning blenders shall meet the approval of the
Engineer and shall be equipped with precision instruments, including electrically interlocked motors
and automatic meters. Blending quantities of less than 8,000 gallons in tanks, or in tank trucks, will
not be permitted.

228.1.1.4. Performance Graded Asphalt Binder. The grade shall be PG64-22 or as
specified in the Contract.

228.1.2.1. Description. Performance graded asphalt binder shall be an asphalt-based
binder produced from petroleum residue either with or without the addition of non-particulate
organic modifiers.

228.1.2.2. Characteristics. Performance graded asphalt binder shall be in accordance
with AASHTO M 320 for the grade specified, except as follows. AASHTO T 111, Inorganic Matter
or Ash in Bituminous Materials, may be substituted for AASHTO T 44, Solubility of Bituminous
Materials, at the specification value indicated. The direct tension test will be waived. The following
additional requirements shall apply.

Binder Characteristics
Absolute Temperature Spread Elastic Recovery’, Separation Test‘, Percent
Between Upper and Lower Percent, Minimum, Difference, Maximum,
Temperature for PG Binder Grade® AASHTO T 301 ASTM D 5976

86°C - -

92°C 55% 10%
98°C 65% 10%
104°C 75% 10%

a Temperature Spread = Upper PG Temperature minus Lower PG Temperature.

b Elastic recovery test to be performed on the residue from the Rolling Thin Film Oven
Test at 25°C and 10 cm elongation.

¢ Separation test to be performed in accordance with ASTM D 5976 except test upper and
lower portions as original binder for G* value according to AASHTO T 315.

228.1.2.3. Storage. Performance graded asphalt binder shall be furnished as a uniform
mixture shipped directly to the project site from the asphalt binder supplier's permanent plant
address or intermediate storage facility, suitable for direct use. Asphalt binder shall be capable of
storage at the project site without separation or settling. Automatic blending will be allowed, except
no intermediate blending of asphalt binder and any other modifiers will be allowed at the project
site.
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228.1.2.4. Certification and Acceptance. Suppliers furnishing performance graded
asphalt binders to City projects by certification shall be in accordance with AASHTO R26, except as
noted herein.

228.1.2.5. Failure to Comply. Failure to fulfill any of these requirements may result in
disqualification of the performance graded binder supplier. If a primary manufacturing facility is
disqualified, all terminals shipping performance graded binder manufactured at the primary facility
and who are not performing AASHTO M 320 specification compliance testing will automatically be
disqualified. In cases of dispute, test results obtained by the City of Columbia will be considered
referee and final.

228.1.3. Liquid Bituminous Materials. Suppliers furnishing liquid bituminous
materials shall comply with the following. All truck shipments shall be loaded from approved
storage tanks, which have been sampled, tested, and certified by the supplier to the Engineer. If
automatic blending equipment is used, blender material will be approved for use provided the
finished product complies with specifications. At least one complete test shall be conducted every 2
weeks on each grade of material furnished for City work from the blender. A certified copy of the
test results shall be furnished to the Engineer. Sampling and testing for certification purposes shall
be conducted prior to shipping material to City work. After loading, the supplier shall sample and
make identifying tests on a sufficient number of truck shipments of material consigned to a
construction project to ensure that proper quality control is being maintained and that all such
shipments comply with the specification requirements. The identifying test is viscosity for liquid
bituminous material. For all liquid bituminous material, AASHTO T 111, Inorganic Matter or Ash
in Bituminous Materials, may be substituted for AASHTO T 44, Solubility of Bituminous Materials,
at the specification value indicated.

228.1.4. Sampling and Test Methods for Performance Graded binder.
Property Method
Sampling AASHTO T 40
Water AASHTO T 55

Flash Point (Cleveland Open Cup) [ AASHTO T 48
Solubility in Trichloroethylene AASHTO T 44

Dynamic Shear AASHTO M 320
Rolling Thin Film Oven Test AASHTO T 240
Pressure Aging Test AASHTO R 28
Creep Stiffness AASHTO T 313
Direct Tension AASHTO T 314
228.1.5. Application Temperatures for Performance Graded binder.
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Bituminous Temperature, Degrees Fahrenheit
Material
Spraying Mixing
Asphalt Binder Min Max Min Max
PG 64-22 260° 325° - -
All Other Grades 285° 350° 275° 350°

228.1.5.1. Application temperatures of other grades of emulsions will be as specified in
the Contract.

228.1.5.2. The spraying temperature for non-modified PG 64-22 asphalt binder is 260° -
325° F and for all other higher temperature, non-modified performance grades is 285° - 350° F. The
mixing and compaction temperatures for performance graded asphalt binder shall be determined by
rotational viscosity testing as defined in AASHTO T 316.

228.1.5.3. When material to be applied by pressure distributor is, due to refining or
blending procedures, delivered at a temperature above the specified limits, the material may be
applied at the higher temperature provided satisfactory application can be obtained at the specified
rate and provided sufficient precaution is exercised with respect to the fire hazard.

228.2. Coarse Aggregate.

228.2.1. All coarse aggregate shall consist of sound, durable rock, free from
objectionable coatings. When the coarse aggregate is tested in accordance with AASHTO T 96 (Los
Angeles Abrasion), the percentage of wear shall not exceed 45. Coarse aggregate tested in
accordance with AASHTO T 327 Micro Deval Abrasion Test the percent loss shall not exceed 21.
The percentage of deleterious substances shall not exceed the following values and the sum of
percentages of all deleterious substances shall not exceed 8 percent.

Item Percent by Weight
Deleterious rock 8.0
Shale 1.0
Other foreign material 0.5

The requirements of this section apply to each size or fraction of aggregate produced.

228.2.2. Crushed porphyry aggregate meeting the approval of the Engineer shall be a
uniform product, furnished in one or more fractions. When special asphaltic concrete mixture
porphyry & limestone (LP) is specified, the total crushed porphyry aggregate shall be uniformly
graded and shall have material passing each sieve from the maximum size aggregate through the
number 200 sieve. Total aggregate gradations consisting of essentially one size aggregate will not
be permitted.

228.2.3. Steel slag aggregate meeting the approval of the Engineer shall be a uniform
product, furnished in one or more fractions. Steel slag consisting principally of a fused mixture of
oxides and silicates is a synthetic aggregate produced as a by-product of basic oxygen, electric or
open-hearth steel making furnaces. The steel slag shall be aged at least 3 months after crushing and
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screening. Material that is screened after it has been crushed, initially screened, and aged 3 months,
will not be required to receive additional aging. Steel slag from one source shall not be mixed with
or used with steel slag from a different source. When special asphaltic concrete mixture slag &
limestone (LS) is specified, the total steel slag aggregate shall be uniformly graded and shall have
material passing each sieve from the maximum size aggregate through the number 200 sieve. Total
aggregate gradations consisting of essentially one size aggregate will not be permitted.

228.2.4. When a density requirement is specified for asphaltic concrete, the total
quantity of chert in each size or fraction of produced crushed stone aggregate, including that
permitted as deleterious, shall not vary more than 10 percent from the quantity present in the
aggregates used in the approved laboratory job mixtures.

228.2.5. Gravel aggregate shall be washed sufficiently to remove any objectionable
coating. Gravel aggregate for SP190 mixtures shall be crushed from gravel that has a maximum of
10 percent passing a 1-inch sieve. Gravel aggregate for SP125 mixtures shall be crushed from
gravel that has a maximum of 10 percent passing a %-inch sieve. Crushed gravel shall comply with
the requirements for mechanically induced faces in Section 228.2.8.

228.2.6. Pile-run chat will not be approved for use in asphaltic concrete unless the chat
has been conditioned to meet a specific gradation. A tolerance of 7 percent, plus or minus, on each
sieve fraction will be permitted providing the aggregate complies with other provisions of this
specification.

228.2.7. Coarse Aggregate Angularity. Coarse aggregate angularity is measured on the
coarse portion of the blended aggregate. It is defined as the percent by weight of the aggregate
particles larger than the Number 4 sieve with one or more fractured faces. A fractured face is an
angular, rough or broken surface of an aggregate particle created by crushing or other artificial
means. When tested in accordance with ASTM D 5821, “Standard Test Method for Determining the
Percentage of Fractured Particles in Coarse Aggregate”, the coarse aggregate shall meet the
following criteria. As shown, the criteria denotes the minimum allowable percentage of the coarse
aggregate with “one / two” fractured faces, e.g. an “85 / 80” requirement means that the coarse
aggregate shall have a minimum of 85 percent particles by weight with one fractured face and a
minimum of 80 percent particles by weight with two fractured faces.

Design Level | Mixture Depth from Surface

4 inches > 4 inches

F 55/- -/-

E 75/- 50/-

D 85/80 60/-

C 95/90 80/75

B 100/100 95/90

228.2.8. Flat and Elongated Particles. When tested in accordance with ASTM D 4791,

no more than 10 percent by mass of the blended aggregate particles retained on the number 4 sieve
shall have a ratio of maximum to minimum dimensions greater than five. This applies when design
traffic Equivalent Single Axel Loads (ESALs) are greater than 1,000,000.
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228.2.9. Absorption. The absorption value of the aggregate used shall not exceed 4.0
percent measured by weight.

228.2.10. Soundness. When testing in accordance with AASHTO T 104, the loss of
coarse aggregate in 5 cycles of the accelerated soundness test shall not be greater than 12 percent
when sodium sulfate is used. Contractor shall furnish Engineer test results a minimum of 10 calendar
days prior to the intended time of use. A soundness test taken on aggregate sampled from a well-
defined quarry ledge or gravel pit may be considered to represent that entire ledge or pit, and any
fine or coarse aggregate fractions from that ledge or pit. Should any change in ledge or pit
characteristics be observed, retesting might be required at the discretion of the Engineer.

If approval of a stockpile is requested, the stockpile shall contain material for five days of the
intended usage or 500 tons, whichever is greater. No material shall be removed from or added to the
stockpile during the testing period. Unapproved material shall be segregated from approved
materials in stockpiles at all times.

This specification shall not apply to siliceous sands from the Missouri River.

228.3. Fine Aggregate.

228.3.1. Fine aggregate for asphaltic concrete shall be a fine, granular material,
naturally produced by the disintegration of rock of a siliceous nature and/or manufactured by the
mechanical reduction of sound durable rock with a percentage of wear not exceeding 45 when tested
in accordance with AASHTO T 96. With written approval of the Engineer and compliance with this
specification, chat sand produced from flint chat in the Joplin area, dolomite chat sand as produced
in the southeast lead belt area, fines manufactured from igneous rock and chert gravel, or wet bottom
boiler slag may be used as fine aggregate for asphaltic concrete. Fine aggregate shall be free from
cemented or conglomerated lumps and shall not have any coating or injurious material. The
percentage of deleterious substances shall not exceed the following values:

Item Percent byWeight
Clay lumps and shale 1.0
Total lightweight particles, including coal and lignite 0.5
Other deleterious substances 0.1

Lightweight sand particles are not considered deleterious lightweight particles. The total
lightweight particles requirement shall not apply to wet bottom boiler slag, angular chert sand, or
manufactured sand.

228.3.2. Fine Ageregate Angularity. When, in accordance with AASHTO T 304
Method A, aggregate particles passing the number 8 sieve shall meet the following criteria for the
minimum percent air voids in loosely compacted fine aggregate. Fine aggregate angularity is
measured on fine portion of the blended aggregate.
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Design Level | Mixture Depth from Surface
<4 inches > 4 inches
F _ _
E 40 40
D 45 40
C 45 40
B 45 45

228.3.3. Fine aggregates manufactured by the mechanical reduction of sound durable
rock shall be manufactured from ledges that meet the same soundness requirements as for the coarse
aggregate.

228.3.4. Clay Content. When tested in accordance with AASHTO T 176, aggregate
particles passing the number 4 sieve shall meet the following sand equivalent criteria:

Sand Equivalent
Minimum, Percent

Design Level

E,F 40
C D 45
B 50

228.4. Mineral Filler. Mineral filler shall consist of limestone dust, Portland cement, or
other suitable mineral matter. It shall be thoroughly dry and free of lumps consisting of aggregations
of fine particles. When tested by means of laboratory sieves in accordance with AASHTO T 37, the
mineral filler shall conform to the following requirements:

Sieve Size Percent Passing
By Weight
Number 30 100
Number 50 95-100
Number 100 90 - 100
Number 200 70 - 100

228.5. Hydrated Lime. Hydrated lime shall be thoroughly dry and free of lumps. Hydrated
lime produced from limestone shall comply with ASTM C 206, Type N or S. Hydrated lime
produced from dolomite shall comply with ASTM C 206, Type S. The plasticity requirements of
ASTM shall not apply to either Type N or S, and the gradation shall be determined in accordance
with AASHTO T 37.

228.6. Liquid Anti-Strip Additives. Liquid anti-strip additives shall not be detrimental to the
bituminous mixture. Anti-strip additives shall meet the following requirements or be approved by
the Missouri Department of Transportation.

228.6.1. Physical Properties. Amine-type liquid anti-strip additives that are physically
mixed with the asphalt binder will be classified as Type 1. Latex-type liquid anti-strip additives that
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are applied to the aggregate will be classified as Type II. The following physical properties shall be
determined for each type.

228.6.1.1. Type I Liquid Anti-Strip Additives.

Test Test Method
Specific Gravity at 77°F AASHTO T 228
Brookfield Viscosity 77°F using an RVT ASTM D2196
viscometer. The report shall include the
corresponding test temperature, speed,
spindle and model of instrument.
Pensky-Martens Closed Cup Flash Point or | ASTM D93
Cleveland Open Cup Flash Point AASHTO T 48
Infrared Spectrum (neat material) Appropriate Method

228.6.1.2. Type II Liquid Anti-Strip Additives.

Test Test Method
Weight Per Gallon at 77°F ASTM D1475
Brookfield Viscosity 77°F using an RVT ASTM D2196
viscometer. The report shall include the
corresponding test temperature, speed,
spindle and model of instrument.

pH Appropriate Method
Percent Solids ASTM D1644
Method A Infrared Spectrum (latex Appropriate Method
portion)
228.6.2. Heat Stability. The additive shall be stable and shall not separate under all

manufacturer listed storage and use temperatures. When Type I or Type II additives are blended
with the proposed bituminous material to be used at the anticipated application rate, the blended
material shall still meet all bituminous material specifications and shall be heat stable. Heat stability
shall be established by comparing AASHTO T 283 specimens made by preparing three conditioned
specimens using aged, blended material that has been held at 325°F for 96 hours and three
conditioned specimens using fresh blended material.

The average tensile strength of conditioned specimens using aged material shall be compared
with conditioned specimens made with fresh blended material. If the average conditioned strength
of the mixture with aged material is less than 90 percent of the mixture with fresh blended material,
the anti-strip additive will not be permitted for use. This requirement will also apply if tested on any
specific mix design using the approved anti-strip additive.

228.6.3. Unconditioned Strength. The anti-strip additive shall not significantly lower
the unconditioned strength of AASHTO T 283 specimens. This shall be determined by preparing an
additional six unconditioned specimens, three with and three without the liquid anti-strip additive.
The average tensile strengths of unconditioned specimens shall be compared with specimens with
and without the liquid anti-strip additive. If the average unconditioned strength of the mixture with
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the additive is less than 90 percent of the mixture without the additive, the anti-strip additive will not
be permitted for use in that bituminous mixture.

228.6.4. Documentation. The manufacturer shall submit a certification and guarantee
to Engineer prior to initial approval showing the brand name and designation, the composition or
description of the anti-strip liquid, and the manner in which the material will be identified on the
containers. The manufacturer shall certify that the material is in accordance with this specification
and shall list typical values of current tests for the properties listed in Section 228.6.1. A copy of the
bituminous mix design used to test for heat stability and unconditioned strength shall be included
with the test results. The certified test report shall show the manufacturer's name, brand name of
material, lot and date tested.

228.6.5. Packaging and Marking. The containers in which anti-strip liquids are
delivered shall be plainly marked with the manufacturer's name, the brand name and designation of
the material, lot number and net quantity. Bulk shipments shall be accompanied by a delivery ticket
showing this information.
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SECTION 229

SUPERIOR PERFORMING ASPHALTIC PAVEMENT (SUPERPAVE)

229.1. Description. This work shall consist of providing a Superpave asphaltic concrete
mixture (Type SP95, Type SP125, Type SP125LP, Type SP125LS or Type SP190) to be placed in
one (1) or more courses on a prepared base or underlying course in conformance with the lines,
grades, thicknesses, and typical cross sections shown on the plans, or established by the Engineer.

229.1.1. Superpave asphaltic concrete mixtures are dense, graded asphaltic concrete
mixtures compacted in the Laboratory with a Superpave Gyratory Compactor. The materials
laboratory shall be an independent testing laboratory. The gyratory compactor shall meet the
requirements of AASHTO T312. The Contractor shall be responsible for QC (Quality Control) of
the bituminous mixture, including the design, and control of the quality of the material incorporated
into the project.

229.1.2. Nomenclature of Superpave (SP) Asphaltic Concrete Mixtures. The
nomenclature of Superpave (SP) asphaltic concrete mixture is as follows:

The design traffic level of the project is expressed in 18,000 1b. Equivalent Single Axle
Loads or ESALs. For convenience, the aggregate size is shown, e.g. SP125. The 125 represents the
12.5 mm (1/2") nominal maximum aggregate size. The next information shall be the binder
performance grade (PG), e.g. SP125 (76-22). The “76” represents the design high and “-22” the
design low temperature in degrees Celsius and would be read “PG 76 minus 22”. The base
Performance Grade binder is a PG 64-22. For slow moving design loads, 12 to 45 Miles per hour, or
for design traffic between 10 million and 30 million ESALs, the binder selection shall be one
temperature grade higher to a PG 70-22. For standing design loads, less than 12 Miles per hour, or
for design traffic exceeding 30 million ESALs, the binder selection shall be two temperature grades
higher to a PG 76-22. Following the binder grade will be a letter that represents the 20-year Design
Traffic ESALs, e.g. SP125 (PG 76-22) E. The E corresponds to a Design Traffic Level of 3,000,000
ESALs.

229.1.3. The following cumulative ESALSs shall be utilized for the specified Superpave
mixture design:

Design Level | Design Traffic (ESALS)
<300,000

<3,000,000
<10,000,000
<30,000,000
>30,000,000

wla|o|o|

229.2. Materials. All materials shall conform to Section 228 — Superior Performing
Pavement (Superpave) Materials.
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Item Section
Asphalt Cement (PG Grade) | 228.1
Coarse Aggregate 228.2
Fine Aggregate 228.3
Mineral Filler 228.4
Hydrated Lime 228.5
Anti-Strip Additive 228.6

The grade of asphalt cement will be specified in the Contract.
229.3. Composition of Mixtures.

229.3.1. Prior to mixing with asphalt cement, the total aggregate, including the filler if
needed, shall meet the following gradation for the type of mixture specified in the Contract.
Maximum size is defined as one (1) sieve size larger than the nominal size. Nominal size is defined
as one (1) sieve larger than the first sieve to retain more than 10 percent by weight.

229.3.1.1. A job mix formula may be approved which permits the combined aggregate
gradation to be outside the limits of the master range when the full tolerances specified herein are
applied.

Percent Passing by Mass
Mixture | SP190 SP125 SP95
3/4in. (19.0 mm) | 1/2in. (12.5 mm) | 3/8" (9.5 mm)
Sieve (Nom. Max. Size) | (Nom. Max. Size) | (Nom. Max. Size)
Size
1 in. 100 --- -—-
3/4 in. 90-100 100 -—-
1/2 in. 90 max. 90-100 100
3/8 in. --- 90 max. 90-100
No. 4 --- --- 90 max.
No. 8 23-49 28-58 32-67
No. 200 | 2-8 2-10 2-10
229.3.1.2. Restricted Zone. The restricted zone should be used as a guide in designing

mixes. The combined aggregate gradation should not pass through the restricted zone as shown in
the table below and as plotted on a 0.45 power chart. Mixtures passing through this zone will be
considered only if the mixture satisfies all other requirements. This gradation plots as a straight line
from the maximum aggregate size through the origin.

Aggregate Restricted Zone

Sieve Size SP190 SP125 SP95
No. 8 34.6 39.1 472
No. 16 22.3-28.3 25.6-31.6 31.6-37.6
No. 30 16.7-20.7 19.1-23.1 23.5-27.5
No. 50 13.7 15.5 18.7
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229.3.1.3. Anti-Strip Agent. An anti-strip will be allowed by the Engineer to improve
resistance to stripping.

229.4. Job Mix Formulas. At least 30 days prior to placing any mixture on the project, the
Contractor shall submit a mix design for approval to the Engineer. The mixture shall be designed in
accordance with AASHTO R-35 and shall be tested in accordance with AASHTO T 312 except as
noted herein. A detailed description of the mix design process shall be included with the job mix
formula (JMF). The Engineer may request representative samples of each ingredient for the mixture
be submitted with the mix design.

229.4.1. Required Information. When a mix design is designated for a specific
project, the Project Name, City Project Number and Federal Job Number (if applicable) on which
the mixture will be used shall be specified. All mix designs shall contain the following information:

1. Source, grade, and specific gravity of asphalt binder.
Source, type (formation, etc.), ledge number, if applicable, and gradation of the
mineral aggregates. The gradation of the component materials shall be representative
of the material at the time of use.

3. Bulk and apparent specific gravities and absorption of each aggregate fraction in
accordance with AASHTO T 85 for coarse aggregates and AASHTO T 84 for fine
aggregates.

4. Specific gravity of hydrated lime or mineral filler, if used, in accordance with

AASHTO T 100.

Percentage of each aggregate component.

Combined gradation of the job mixture.

7. Percent asphalt binder, by mass, based on the total mix intended to be incorporated

in the completed mixture, shown to the nearest 0.1%.
8. Bulk specific gravity (Gmb), by AASHTO T 166 Method A, of a laboratory

compacted mixture compacted N design gyrations.

9. Percent air voids (Va) of the laboratory compacted specimen compacted to N

SN

design
gyrations.

10. Voids in the mineral aggregate (VMA) and voids in the mineral aggregate filled with
asphalt binder (VFA) at N dosign gyrations.

11. Theoretical maximum specific gravity (Gmm) as determined by AASHTO T 209 after

the sample has been short term aged in accordance with Section 229.5.3.
12. The tensile strength ratio as determined by AASHTO T 283 including all raw data.
13.  The gyratory sample weight (mass) to produce a 115 mm minimum height specimen.
14. Mixing temperature and gyratory molding temperature.
15. The Design Traffic Level and Number of gyrations N. .

N .
initial , design maximum

16. Dust proportion ratio (No. 200 / Effective asphalt binder (Pbe) ).
17. Bulk specific gravity (G ) of the combined aggregate.

18. Percent chert contained in each aggregate fraction.

19. Percent of Theoretical maximum specific gravity (G ) atN. .
mm mmal, maximum

20. Blended aggregate properties for clay content and angularity.
21. Baghouse fines added for design.
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a. Batch and continuous mix plants — Indicate which aggregate fraction to add
baghouse percentage during production.

b. Drum mix plants — Provide cold feed settings with and without baghouse
percentage

229.4.1.2. Approval. No mixture will be accepted for use until the job mix formula for
the project is approved by the Engineer

229.4.1.3. The job mix formula shall be within the master range specified for the
particular type of asphaltic concrete, and shall include the type and sources of all materials, the
gradations of the aggregates, the relative quantity of each ingredient, and shall state a definite
percentage for each sieve fraction of aggregate for asphalt cement.

229.4.1.4. Job Mix Formula Modification. The job mix formula approved for each
mixture shall be in effect until modified in writing by the Engineer. When unsatisfactory results or
other conditions occur, or a source of material has been changed, a new job mix formula may be
required.

229.5. Mixture Testing Procedures.

229.5.1. Superpave asphaltic concrete mixtures shall be tested by an approved
independent testing laboratory in accordance with AASHTO T 312, Standard Method for Preparing
and Determining the Density of Hot Mix Asphalt (HMA) Specimens by Means of SHRP Gyratory
Compactor. All costs for testing shall be borne by the Contractor and included in the unit price.

229.5.2. SP mix design shall follow the procedures defined in AASHTO R-35, except
as follows:
229.5.2.1. Once the optimum asphalt content of the mixture has been determined, a

minimum of two specimens shall be prepared at the optimum asphalt content and compacted to the
respective Nmamrlum values. The average specimen density shall then be calculated, compared

against the requirement at Nmaximum and furnished with the job mix data for informational purposes
only.

229.5.3. Compaction temperature for Modified Binders will be furnished by the
supplier. Compaction temperature for unmodified Binders will be determined where the unaged

2
Binder has a Kinematic Viscosity of 0.28 + 0.03 mm /Section Pa-s measured in accordance with
ASTM D 4402.

229.5.4. The Contractor is advised that SP mix design will require gradation design,
asphalt binder content design, moisture susceptibility testing, and nuclear gauge or ignition oven
calibration. It may also require testing of the blended aggregate once the mixture design is
completed.

229.6. Compaction Criteria.

229-4



229.6.1. The number (N) of gyrations required for gyratory compaction shall be as
follows:

Design Level | Gyrations
NInitial Design  Maximum

F 6 50 75

E 7 75 115
D 8 100 160
C 8 100 160
B 9 125 205

229.6.2. When compacted in accordance with AASHTO T-312, the mixture shall

meet the following criteria:
229.6.2.1. Air Voids (V).

Design Level Design Air Voids (Percent)
ALLLEVEIS. ..o 4.0

229.6.2.2. Voids in the Mineral Aggregate (VMA).

Mixture VMA Minimum (Percent)

SP190...ccoiiiiiiiiiiis 13.0
SPI25. i, 14.0
SPOS..ooiiiie 15.0

229.6.2.3. Voids Filled With Asphalt (VFA).

Design Level VFA (Percent)

F 70-80

E 65-78

B,C,D 65-75
Required Density (Percent of Theoretical Maximum Specific Gravity)
Design Level Less than Equal to Less than

—initial —design ~—maximum

F 91.5 All levels 96.0 All levels 98.0
E 90.5
B,C,D 89.0

229.7. Other Criteria.

229.7.1. Dust to Binder Ratio. The ratio of the aggregate passing the No. 200 to
effective asphalt binder (Pbe) content shall be between 0.6 and 1.2 for aggregate gradations that pass

above the boundaries of the restricted zone specified in Section 229.3. Aggregate gradations that
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pass below the boundaries of the restricted zone shall have a ratio of the aggregate passing the No.
200 sieve to effective asphalt binder (Pbe) content between 0.6 and 1.6.

229.7.2. Tensile Strength Ratio. The mixture shall have a tensile strength ratio (TSR)
greater than 80 percent when tested in accordance with AASHTO T 283. Specimens for AASHTO
T 283 shall be 6 inches in diameter and be compacted to a 3-3/4" height with 7 + 0.5% air voids. If
the strength ratio is less than 80%, remedial action, such as the use of anti-strip agents, is required
to improve the moisture susceptibility of the mix. When remedial agents are used to modify the
asphalt binder, retest the mix to assure compliance with a minimum TSR greater than 80%.

229.7.3. Blended Aggregate. The blended aggregate shall meet the grading for the
specified SP mixture.

229.7.3.3. For Superpave mixtures, Recycled Asphaltic Pavement (RAP) and Recycled
Asphalt Shingles (RAS) will be used in accordance with Section 221.4

229.7.3.4. Crushed gravel shall not exceed 20% by weight of the plus No. 8 mineral
aggregate.

229.7.4. If difficulty is experienced in obtaining a satisfactory mixture with the
aggregate combinations submitted, the Contractor will be advised and new types or sources of
materials may be required by the Engineer. Additional aggregate, other than local stone or sand,
may be required in order to modify the mixture for compliance.

229.7.5. The total aggregate for Asphaltic Concrete mixtures shall contain not less
than 85% crushed material. Natural fine aggregate shall be limited to a maximum of 15% of the
total aggregate in Asphaltic Concrete mixtures. The Engineer will adjust quantities of the various
components of the mixture as necessary to obtain the required characteristics of the mixture.

229.8. Gradation Control.

229.8.1. In producing mixtures for the project, the plant shall be operated so that no
intentional deviations from the job-mix formula are made. Mixtures as produced shall be subject to
the following tolerances and controls:

1. The percent passing the first sieve size smaller than the nominal maximum
size shall not exceed 92.0 percent,

2. The maximum variation from the approved job-mix formula shall be within
the following tolerances:

Sieve Max. Tolerance, Percent
(Percent Passing by Mass)

No. 8 3.0

No. 200 1.5
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3. The quantity of asphalt cement introduced into the mixer shall be that
quantity specified in the job-mix formula. No change may be made in the quantity
of asphalt cement specified in the job-mix formula without written approval of the
Engineer. The quantity of asphalt cement determined by calculation or tests on the
final mixture shall not vary more than 0.3 percentage point from the approved job-
mix formula.

4. One of the aggregate bin sizes produced by the screening unit shall contain
not more than 15% by weight retained on the No.8 sieve.

229.8.1.1. The gradation of the aggregates will be determined from samples taken from
the hot bins on batch-type plants or from the composite cold feed belt on drum mix plants.

229.8.2. Preparation of Mixture. The asphalt cement shall be carefully heated,
without damage by overheating, to a workable temperature as designated by the Engineer within the
range established by Section 228. If asphalt is measured by volume, the temperature of the asphalt
at the time of measuring shall not vary more than 15°F from that designated by the Engineer when
the metering device was calibrated. The final mixture shall not exceed 350°F when discharged from
the pug mill, and shall not vary more than 25°F from the temperature designated by the Engineer.
The final mixture shall not be crusted over, contain lumps, or be contaminated with deleterious
agents such as unburned fuel, objectionable fuel residue, or any other material not inherent to the
job-mix formula. In cases of rejected material, the entire load shall be rejected.

229.8.3. The asphaltic concrete mixture, when sampled immediately behind the paver
and tested in accordance with AASHTO Test Method T 110, shall not contain more than 0.5%
moisture by weight of the mixture.

229.9. Recompacted Mixture. When the produced mixture is recompacted using the
Superpave Gyratory Compactor, the mixture shall meet the following criteria:

229.9.1. Voids in the Mineral Aggregate. The Voids in the Mineral Aggregate
(VMA) shall be within —0.5 and +2.0% of the minimum required for each type of mixture Nesign
gyrations. The VMA will be determined using the field determined bulk specific gravity’s
(AASHTO T 166) of the two Superpave gyratory compacted specimens, the field calculated percent
aggregate, the job mix formula aggregate bulk specific gravity and the field measured percent
asphalt as determined by one of the following methods: AASHTO T 287 Nuclear gauge method;
AASHTO T 164 Quantitative Extraction of Bitumen from Bituminous Paving Mixtures; or by
AASHTO T 308 Method A-Standard Test Method for Determining Asphalt Content of Hot Mix by
the Ignition Method.

229.9.2. Air Voids. The air voids (V ) shall be within 1.0% of the approved job mix

formula at Nyesign gyrations. The air voids will be calculated from the field determined maximum
specific gravity’s (AASHTO T 209) and the field determined bulk specific gravity’s (AASHTO T
166).

229.9.3. Adjustments to Ninitial and Nmaximum shall be made as Ndesign changes. As
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the air voids (Va) percentage increases above 4%, the difference should be deducted from both
N _andN " When the air voids (Va) percentage decreases below 4%, the difference should

initial maximu

be added to both Ninitial and N

maximum’

229.94. On each follow-up field test, two specimens will be compacted to N

design’

229.95. Should any of the mixture properties specified in Section 229.8, 229.9, or
229.17.4 be found to be outside of the prescribed tolerances, a second test shall be run immediately.
Should the second test confirm the findings of the initial test, production of the asphaltic concrete
mixture will be suspended until adjustments are made and passing test results have been achieved.
Repeated instances of non-conformance may result in suspension of production and redesign of the
asphaltic concrete mixture.

229.10. Field Adjustments of Job Mix Formulas.

229.10.1. When test results indicate the mixture produced does not meet the
specification requirements the Contractor may field adjust the job mix formula as noted herein.
Field adjustments may consist of changing the percentages of the aggregate fractions as listed on
the approved job mix formula by no greater than a total of 5.0% and changing the percent binder as
listed on the approved job mix by 0.3%. Additional fractions of materials or new materials will not
be permitted as field adjustments. The Engineer shall be notified immediately when any change is
made in the cold feed settings, the hot bin settings, and/or the binder content. When the aggregate
percentages are adjusted by more than a total of 5.0% and/or the binder content is adjusted more
than 0.3%, a new mix design shall be established.

229.10.2. When a field adjustment is allowed, the Contractor will be permitted to place
not more than 750 tons of mixture, once the adjustment is made, to establish new volumetric
properties of the mixture and to verify the mixture meets the specification requirements of Section
229.6.2. The field adjusted job mix formula combined gradation and combined aggregate bulk
specific gravity (Gsb) shall be calculated accordingly to reflect any change in the percentages of the

aggregate fractions. The maximum theoretical specific gravity of the mixture (Gmm), the bulk
specific gravity of the compacted specimens at N design (Gmb), the VMA, the percent filled (VFA), the
dust proportioning (—200/Pbe), and the percent asphalt binder targets will be established by sampling
the material from the roadway after 100 tons have been produced.

229.10.3. A minimum of two (2) specimens will be compacted to N design gyrations. The

maximum theoretical specific gravity of the mix, percent asphalt binder of the mix and the cold feed
gradations shall be determined. The volumetrics of the field adjusted mix shall be calculated from

these test results. The average values of the volumetrics from the N design gyratory compacted

specimens will be used to establish the new volumetric targets of the mix.
229.10.4. The new volumetric targets of the mix shall be in compliance with all of the

Superpave mix design requirements of Section 229.6.2. Mixture not meeting the specification
requirements shall be removed from the roadway at the Contractor’s expense. After this procedure
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has established the field adjusted job mix formula that complies with Section 229.6.2 requirements,
the Contractor may continue paving operations using the field adjusted job mix formula.

229.10.5. To keep accurate records, the original job mix formula will be labeled with a
revision number consecutively numbered beginning with (R1) behind the last digit of the job mix
formula number to signify that the job mix formula has been field adjusted.

229.10.6. Supporting data justifying the need and type of field adjustment shall be
submitted to the Engineer. The Engineer will approve all field adjustments. The Contractor must
notify the Engineer in writing of the adjustments made, new target values and any other information
required for evaluation of the revised mix.

229.10.7. The Contractor shall submit the field adjusted job mix formula to the
Engineer in writing within 24 hours.

229.10.8. Field Mix Redesign. When a new mix design is required, the Contractor will
be permitted to establish the new mix design in the field. The mix shall be designed in accordance
with Section 229.5 and shall meet the Superpave mix design requirements of Section 229.6 and
229.7. A representative sample of the mix shall be submitted with the new mix design to the
Materials Laboratory for mixture verification. The amount of mix submitted for verification shall
weigh at least 50 1b.

229.10.8.1.  New mix designs established in the field will be approved by the Materials
Laboratory. To keep records straight, the Materials Laboratory will assign a new mix number to the
mixture.

229.10.8.2.  No mix is to be placed on the project until the new field mix design is
approved.

229.11. Test Strips.

229.11.1. Description. This work shall consist of constructing a test strip of Superpave
asphaltic concrete pavement to determine the volumetric properties of the mixture and the
compactive effort necessary to provide the specified density.

229.11.2. Construction Requirements. Test sections shall be constructed after approval
of a job-mix formula and calibration of the hot mix asphalt (HMA) plant. Prime or tack coat, if
specified, shall be applied to the roadbed section followed by the placement of no more than 400
tons of approved mix in a single lane within the project limits. The paver and rollers to be used on
the project shall be used to put down the test strip. Separate test strips shall be provided for each
mix design using the thickness specified on the typical section. Test strips for subsequent lifts,
which incorporate a new mix design may, at the Contractor's option, be placed after completion of
the previous lift.

229.11.2.1.  Density will be determined in accordance with Section 229.20 of the standard
specifications. If necessary, additional test strips shall be constructed until a rolling pattern has
been established which will provide the specified density. A new test strip shall also be required
whenever a change in the job-mix formula occurs, the compaction method or the compaction

229-9



equipment is changed or unacceptable results occur. Test strips, which do not have the specified
density, shall be removed as directed by the Engineer. No additional mix shall be laid until a
rolling pattern, acceptable to the Engineer, has been established on a test strip.

229.11.2.2.  Volumetric properties will be determined in accordance with Section 229.9
of the standard specifications. If necessary, additional test strips shall be constructed until the
acceptable voids, voids in mineral aggregate (VMA) and void filled with asphalt (VFA) have been
meet. A new test strip shall also be required whenever a change in the job-mix formula occurs or
unacceptable results occur.

229.11.3. Full production shall not start until an acceptable test strip meeting density,
gradation, percent asphalt binder, and the volumetric requirements of the Contract has been
obtained.

229.11.4. Test strips which do not meet specification requirements for density, air
voids and voids in mineral aggregate shall be removed. The Engineer may determine that the above
failed test strip be accepted in-place with no payment.

229.11.5. Accepted test strips meeting density and gradation requirements for the
asphaltic mix will be paid for at the Contract unit price per test strip. No payment will be made for
test strips required as a result of a Contractor initiated change in job mix formula, compaction
method, compaction equipment, or if unacceptable results occur as determined by the Engineer.

229.11.6. No more than two (2) test strips per design job mix formula or field
adjustment shall be made. Upon failure of the second test strip to meet specification requirements
for density, air voids and voids in mineral aggregate, field and plant operations shall cease. The
Contractor shall submit in writing, to the Engineer, the following request for additional testing
strips that includes the following:

1. Reason(s) why the two (2) test strips failed that indicate either plant, mix design,
material or field related reasons.

2. Corrective action by the Contractor that will prove any future mix successful that is
placed as a test strip.

3. The requested re-start date and time that provides the department at least 24 hour
notification of continued field and plant operations if this request is approved by the
Engineer.

229.11.7. Basis of Payment. The materials in test strips approved by the Engineer will

be paid for at the unit price bid for those materials as provided in the Contract. Unit price per test
strip should be the cost above and beyond the unit bid price of the in-place material. All materials
in unacceptable test strips removed by the Contractor shall become the property of the Contractor
and will be disposed of by the Contractor at his expense.

229.12. Equipment.

229.12.1. Plant Calibration. Personnel, scales, and equipment necessary for calibrating
the plant and for verifying the accuracy of proportions shall be furnished by the Contractor and
shall be available at all times. If batch-type plants are used, the equipment shall include standard 50
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Ib. test weights equal to 20% of the net load capacity of the scales, to the nearest 50 1b. increment.
However, not more than twenty 50 1b. weights will be required. Calibration by an approved
commercial scale service will be required for batch-type plants, which have large capacity scales
greater than 10,000 Ib. or if scales do not meet calibration tolerances. If continuous mixing or
drum-mix plants are used, scales conforming to the requirements of 229.12.1.1 shall be provided.
Weights shall be calibrated by the governing state body of weights and measures in accordance to
the requirements established by the U.S. Department of Agriculture. All equipment shall be
calibrated by the Contractor in the presence of and subject to the approval of the Engineer. Plants
shall be calibrated at least once each year, or as directed. Plant certification for calibration and
verification will not be required, provided that this certification has been furnished to the State
within a twelve (12) month period prior to the time certification is required by the City. A letter of
certification to verify this will be required. This does not preclude interim checks by City forces.

229.12.1.1.  Vehicle Scales. Vehicle scales shall be approved by the Engineer and shall
conform to the requirements specified herein.

229.12.1.1.1. Basis of Acceptance. Scale acceptance shall be based on one of the
following:

1. A valid certification or seal of approval by the Missouri Department of Agriculture,
Division of Weights and Measures.

2. A valid certification or seal of approval by a State of Missouri duly appointed Sealer
of Weights and Measures in cities or counties of 75,000 population or more.

3. Certification of calibration from a commercial scale service company showing that

the scale meets the requirements of these specifications. The Contractor shall
furnish the certification of calibration to the Engineer.

4. Calibration from zero weight through the maximum load to be applied by the
application of standard weights in the presence of the Engineer by the Contractor's
personnel. In lieu of starting the calibration at zero weight, the standard weights
may be applied to an unloaded truck, the weight of which has been determined on a
certified scale and the calibration continued through the maximum load to be
applied. Regardless of the form of acceptance, the calibration shall be within the
accuracy requirements specified below and the scales shall meet all requirements of
these specifications.

229.12.1.1.2. Scale Calibration. Scales shall have been calibrated within the 12-month
period immediately prior to any material being delivered or any time the Engineer has cause to
question the accuracy of the scale. Scales shall be accurate within 0.4% of the net load applied
regardless of the location of the load on the platform. The value of the smallest unit of graduation
on a scale shall be not greater than 20 1b. Sensitivity requirements of scales not equipped with
balance indicators shall be twice the value of the minimum graduated interval on the weigh beam,
or 0.2% of the nominal capacity of the scale, whichever is less. For scales equipped with balance
indicators, the sensitivity requirement shall be the value of the minimum graduated interval on the
weigh beam.

229.12.1.1.3. Verification of a vehicle scale may be required by the weighing of a hauling
unit on another recently calibrated and certified scale.
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229.12.1.1.4. If equipment to be weighed is of such length that all axles cannot be weighed
simultaneously, a level area of concrete or bituminous pavement shall be provided permitting those
axles not on the scale platform to be on the pavement during the weighing operation. The approach
shall be at least as wide as the platform and of sufficient length to ensure the level positioning of
vehicles during weight determinations. The weighing shall be performed with all brakes released.
If equipment to be weighed is equipped with an air bag suspension unit on any axle, the equipment
including semi- trailers or pup trailers shall be weighed on vehicle scales of sufficient size to weigh
all axles of the combination simultaneously.

229.12.1.1.5. All costs incurred in obtaining a certification of calibration or verification
shall be borne by the Contractor.

229.12.2. Equipment for Preparation of Asphalt Cement. An asphalt cement storage
tank shall be provided at the proportioning and mixing plant. If more than one storage tank is used
to deliver asphalt cement to the proportioning unit, piping and valve arrangements shall permit
material to be used from any one of the tanks without using from another at the same time.

229.12.2.1.  Tanks for storage of asphalt shall be equipped for heating the material, under
effective and positive control at all times, to the temperature requirements set forth in Section 228.
Heating shall be by steam or oil coils, electricity, or other means such that no flame shall come in
contact with the heating tank.

229.12.2.2. A circulating system of adequate capacity shall provide proper and
continuous circulation of the asphalt between storage tank and proportioning units during the entire
operating period. The discharge end of the circulating pipe shall be maintained below the surface of
the asphalt in the storage tank to prevent discharging into the open air. All pipe lines and fittings
shall be steam or oil-jacketed or otherwise properly insulated to prevent heat loss.

229.12.2.3.  The Contractor shall provide in the asphalt feed lines connecting the plant
storage tanks to the weighing system or spray bar a sampling outlet, consisting of a valve installed
in such a manner that samples may be withdrawn slowly at any time during plant operation. The
sampling outlet shall be installed between the pump and the return line discharge in such location
that it is readily accessible. A drainage receptacle shall be provided for flushing the outlet prior to
sampling.

229.12.3. Feeder for Drier. The plant shall be provided with an accurate mechanical
means for uniformly feeding the aggregates into the drier to provide uniform production and
temperature. A synchronized method of proportioning the aggregates at the cold feeder shall be
provided.

229.12.4. Drier. A drier of any satisfactory design for drying and heating the aggregate
shall be provided. The drier shall be capable of drying and heating the aggregate to a temperature
within the limits of the range specified in Section 228 for the grade of asphalt binder used, without
leaving any visible unburned oil or objectionable carbon residue on the aggregate. The maximum
temperature specified above for mineral aggregate fractions may be increased as necessary in
recycled mix to obtain the specified temperature of the recycled mixture at the time of placement.
Absorbed moisture in the aggregate shall be reduced to such a quantity that there is no
objectionable segregation of asphalt resulting from escaping water vapor in the prepared mixture.
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229.12.5. Screens. Plant screens shall have adequate capacity and size range to
separate properly all of the aggregate into the sizes required for proportioning, so that they may be
recombined consistently within the limits specified in Section 229.8. The screening unit shall
separate the usable heated aggregate into at least three sizes.

229.12.6. Bins. The plant shall have hot bin storage of sufficient capacity to ensure
uniform and continuous operation. Bins shall be divided into compartments arranged to ensure
separate and adequate storage of appropriate fractions of the aggregate. Each compartment shall be
provided with an overflow pipe of such size and at such locations as to prevent any backing up of
material into other bins or into contact with the screen. The bins shall have a tailing pipe for
rejections. The discharge points of overflow and tailing pipes shall be located so they will not
create a hazard. Overflow pipes shall not return the material directly to the hot elevator.

229.12.6.1.  If mineral filler or hydrated lime is required, adequate dry storage shall be
provided, and provisions shall be made for accurate proportioning.

229.12.6.2.  Surge Bins. Surge bins may be used in the production of bituminous
mixtures, if approved by the Engineer. They shall be equipped with batchers, so located that the
mixture is discharged vertically into the center of the bin. Surge bins, except those rated at 75 tons
or less, shall be covered and insulated. They shall be equipped with heating devices, if necessary,
to maintain the temperature of the mixture in accordance with the requirements in Section 229.16.
Bins shall be equipped with automatic lights to indicate when the surface of the mixture has been
drawn down to the top of the sloped portion of the bin. Mixture shall be transferred from the
mixing plant to the surge bins by covered drag slat conveyors, skip hoists, or other methods
approved by the Engineer. Mixture shall not be withdrawn below the level of the top of the sloped
portion of the bin except at the end of each day's operation. Mixture, which the Engineer
determines visually to be segregated, will be rejected. Material which is produced without
inspection by the Engineer will be rejected. Mixture shall not be stored more than eight (8) hours.

229.12.7. Asphalt Control Unit. Satisfactory means, either by weighing or metering,
shall be provided to obtain the proper quantity of asphalt. Metering pumps for asphalt shall deliver
accurately to within plus or minus 2.0% of the required quantity when tested for accuracy. Asphalt
scales shall conform to the requirement of Section 229.12.11.4. Where the quantity of asphalt is
controlled by metering, provision shall be made whereby the delivery of the meter may be readily
checked by actual weight.

229.12.7.1.  If a continuous mixing plant is used, a continuously registering measurement
meter and a pressure gauge shall be installed in the asphalt line at locations meeting the approval of
the Engineer. The meter shall be cumulative with a nonsetback register, and have an accuracy
within 2% by weight of the material actually being measured in any given period of time. The
meter register shall indicate the quantity measured to the nearest 0.25 gal. or less. The pressure
gauge shall have a range capable of registering all spraying pressures during plant operation and the
dial shall have increments of not more than 1.0 psi. The meter and the pressure gauge shall be so
located in the asphalt line that the meter will continuously register the asphalt discharge and the
gauge will continuously register the discharge or spraying pressure, and also so that the discharge
through both the meter and the gauge can be readily diverted to a container for measurement.
During calibration and verification of the asphalt metering pump and the measurement meter, the
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discharge pressure shall be controlled by a valve or reduction unit to duplicate the plant's spraying
pressure. The accuracy of the measurement meter shall be verified at periodic intervals as
designated by the Engineer. In case of meter malfunction, plant operation will not be permitted
beyond 24 hours after detection except by written approval of the Engineer.

229.12.8. Thermometric Equipment. A thermometer of suitable range shall be fixed in
the asphalt feed line at a suitable location near the discharge at the mixer unit. An accurate
registering pyrometer or other approved thermometric instrument shall be installed in the discharge
chute of the drier in such manner that the temperature of the heated aggregate is automatically
registered. This instrument shall be located where it is in clear view of the drier fireman and readily
accessible to the inspector.

229.12.8.1.  The plant shall be further equipped with approved recording thermometers,
pyrometers, or other recording thermometric instruments placed in two of the hot aggregate bins to
register and record automatically the temperature of the heated aggregate. One terminal shall be
placed in the hot bin containing the smallest aggregate used in the mix and the other terminal shall
be placed in the bin containing the largest aggregate. The terminals shall be located where the hot
material will flow around them during the proportioning operation and shall not be located near the
corners of the bins or at points where the material will collect or pack around them. The charts
shall continuously record both time and temperature. The smallest interval of time shown shall be
not more than 15 minutes and the temperature graduations shall be not more than 10°F. The charts
shall be furnished to the Engineer at the end of each day's operations.

229.12.9. Control of Mixing Time. The plant shall be equipped with positive means to
maintain a constant mixing time.

229.12.9.1.  Batch Type Plants. The dry hot virgin aggregates, hydrated lime, RAP or
RAS, mineral filler if needed, and asphalt cement shall be accurately proportioned in the quantities
required by the job-mix formula. Aggregate shall be charged into the weigh hopper in a sequence
that will avoid segregation. The mineral aggregate, RAP or RAS if needed, shall be mixed dry for
not less than 15 seconds. For SP190 mixtures the dry mixing time may be reduced to 10 seconds.
The dry mixing period shall start when all of the mineral aggregates have been charged into the
mixer and end when introduction of the asphalt cement begins. After dry mixing, the asphalt
cement shall be charged into the mixer in a manner that will uniformly distribute the asphalt over at
least 3/4 the full length of the mixer. The time required to add the asphalt shall not exceed 15
seconds. Wet mixing shall begin at the introduction of the asphalt cement and continue for at least
30 seconds, or longer if necessary to produce a complete and uniform coating of the particles and a
thorough distribution of the asphalt cement throughout the aggregate. The wet mixing period shall
end when the discharge gate is opened. The dry and wet mixing times shall be as directed by the
Engineer.

229.12.9.2.  Continuous Mixing Plants. Each size of hot aggregate, mineral filler or
hydrated lime if needed, and the asphaltic cement shall be accurately proportioned in the quantities
required by the job-mix formula. The mixing period shall be determined in accordance with
Section 229.12.12.4.(b) and shall be not less than 35 seconds. The mixing time shall be directed by
the Engineer, and may be increased above the minimum specified, if necessary, to produce a
complete and uniform coating of the particles and a thorough distribution of the asphalt cement
throughout the aggregate.
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229.12.10. Safety Requirements. A conveniently located, easily opened gate or door
shall be provided in the mixer cover for observation of the mixing operations. Adequate and safe
stairways to the mixer platform and sampling points shall be provided, and guarded ladders to other
plant units shall be placed at all points where accessibility to plant operations is required.
Accessibility to the top of truck bodies shall be provided by a platform or other suitable device to
enable the Engineer to obtain samples and mixture temperature data. All gears, pulleys, chains,
sprockets, and other dangerous moving parts shall be thoroughly guarded and protected. Ample
and unobstructed space shall be provided in and around the truck. This area shall be kept free from
drippings from the mixing platform.

229.12.11. Batching Plants.

229.12.11.1. For all contracts having not more than 10,000 tons of asphaltic concrete
mixture, standard manual batching methods, approved by the Engineer, will be permitted. For
contracts having more than 10,000 tons of asphaltic concrete mixture, batching plants shall be
equipped to operate automatically to the extent that the only manual operation required for the
proportioning of all ingredients for one batch shall be a single actuation of a switch or starter. The
equipment shall include devices capable of automatically proportioning each ingredient of the
mixture in the selected sequence and quantity. Interlocks shall be provided which will hold or delay
the automatic batch cycling whenever the batched quantity of any ingredient is not within the
specified tolerance. The weight setting and timing controls shall be suitably equipped so they may
be locked when directed by the Engineer. Manual operation will not be permitted beyond twenty-
four (24) hours after breakdown in the automatic equipment, except by written approval of the
Engineer.

229.12.11.2. Weigh Box or Hopper. The equipment shall include a means for accurately
weighing aggregate of each bin into a weigh box or hopper, suspended on scales, and ample in size
to hold a full batch without hand raking or running over. Weigh boxes shall be charged through
only one gate opening for aggregate of each bin size. The weigh box or hopper shall be supported
on fulcrums and knife edges so constructed that they will not easily be thrown out of alignment or
adjustment. Gates on the bins and the hopper shall be so constructed as to prevent leakage when
they are closed.

229.12.11.3. Aggregate Scales. Scales for weighing aggregate and mineral filler or
hydrated lime may be of the springless dial, or the electronic digital type and shall be of standard
make and design having tolerances on overregistration and underregistration not exceeding 0.4% of
the indicated weight when tested for accuracy. Each aggregate fraction shall be measured within
one (1) percent of the total batch weight of the mixture. Mineral filler or hydrated lime shall be
measured within 0.5% of the total batch weight of the mixture. The total weight of the batch shall
be within 2.0% of the desired batch weight. The change in load required to change the position of
rest of the indicating element or elements of a non-automatic indicating scale an observable amount
shall not be greater than 0.1% of the nominal scale capacity. Dial scales shall be equipped with
adjustable pointers for marking the weight of each material to be weighed into the batch.
Graduation intervals for all scales shall not be greater than 0.1% of the nominal scale capacity.
Quantity indicators necessary for batching shall be in full view of the operator.
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229.12.11.3.1. Automatic volumetric batch proportioning approved by the Engineer
will be permitted and shall meet the tolerances specified in Section 229.12.11.2.

229.12.11.4. Asphalt Bucket. If a bucket is used for weighing the asphalt, it shall be of
sufficient capacity to hold and weigh the quantity required for a batch in a single weighing. The
filling system and bucket shall be of such design, size, and shape that asphalt will not overflow,
splash, or spill outside the confines of the bucket during filling and weighing. The bucket shall be
steam or oil-jacketed or equipped with properly insulated electric heating units.

229.12.11.5. Asphalt Scales. Scales for weighing asphalt shall conform to the
requirements for aggregate scales, as specified in Section 229.12.11.2. Bituminous material shall
be measured within 0.1% of the total batch weight of the mixture. Springless dial scales used for
weighing asphalt shall have a tare beam, and a dial graduated in increments not to exceed 0.1% of
the nominal scale capacity, and the maximum dial capacity shall be not more than 15% of the
nominal capacity of the mixer.

229.12.11.6. Mixer Unit. The plant shall include an approved twin shaft pug mill mixer
capable of producing a uniform mixture. The mixer shall be electrically heated or hot oil or steam
jacketed and have a capacity of not less than one metric ton (one ton) per batch. The mixer shall be
so constructed as to prevent leakage of the contents, and the mixer box shall be equipped with a
hood to prevent loss of dust.

1. The mixer shall be designed to provide means of adjusting the clearance
between the mixer blades and liner plates to ensure proper and efficient mixing. Not
more than one pair of paddle tips on each mixer shaft shall be reversed with respect
to the other paddle tips on the shaft, except that for mixers having forty paddles or
more, two pair may be reversed on each shaft. The reversed paddle tips shall be
located in diagonally opposite corners of the pug mill. The clearance of blades from
all fixed and moving parts shall not exceed 3/4".

2. The mixer shall have an accurate time lock to control the operation of a
complete mixing cycle by locking the weigh box gate after the charging of the mixer
until the closing for the mixer gates at the completion of the cycle; it shall lock the
asphalt bucket throughout the dry mixing period and shall lock the mixer gate
throughout the dry and wet mixing periods.

3. A rating plate designating the manufacturer's rated capacity shall be attached
to the mixer. The quantity of mixture produced per batch shall not exceed the
manufacturer's rated capacity. The manufacturer's rated capacity will not be
accepted unconditionally. If the mixer does not produce a satisfactory mixture, or if
its production does not coordinate with other plant units, the right is reserved to
reduce the size of the batch. The decision of the Engineer as to the permissible
capacity of the mixer shall be final.

229.12.12. Drum Mix Plants.

229.12.12.1. The plant shall be specifically designed for drum mixing and be capable of
satisfactorily heating, drying, and mixing the bituminous mixtures. The aggregate shall enter the
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drum from the same end the burner is located and travel parallel to the flame and exhaust air stream.
The system shall be equipped with automatic burner controls, and heating shall be controlled to
prevent damage to the aggregate or the asphalt cement. The temperature of the mixture when
discharged from the mixer shall be within the range specified in Section 228 for the grade of asphalt
cement being used. The rate of flow through the drum shall be controlled in order that the
bituminous material and aggregate shall be mixed until a homogeneous mixture with all particles
uniformly coated is obtained and in no case shall the quantity of mixture produced exceed the
manufacturer's rated capacity.

229.12.12.2. Each feeding orifice shall have an adjustable gate with an indicator provided
to reference the opening setting. On each of the aggregate feeders, a device shall be installed to
indicate when the flow of material from the bin is below the point where accurate proportioning
through the feeder gates can be accomplished. These indicators shall be positive in action and shall
actuate a clearly visible or audible signal to the plant operator or stop the flow of materials to the
drum when the level of material in the bin is too low for accurate proportioning. In addition, for
those particular cold bins whose aggregate material tends to either bridge or lump together causing
temporary interruptions in feeds, a vibrator or other suitable means shall be provided to ensure
uniform flow. The order of aggregate feed onto the composite cold feed belt shall be from coarse to
fine. When only one aggregate is furnished, two cold bins shall be used. A scalping screen
mounted independent of other proportioning or weighing equipment shall be required if directed by
the Engineer.

229.12.12.3. Asphalt cement shall be introduced through a continuously registering
cumulative indicating meter by a pump specifically designed for dryer-drum plants. The meter
shall be located in the asphalt line so that it will continuously register the asphalt discharge to the
mixer and so that the discharge through the meter can be readily diverted into a container for
measurement. The meter shall be equipped with a nonsetback register and shall have accuracy
within 2% by weight of the material actually being measured in any given period of time. The
accuracy of the pump and meter shall be verified at periodic intervals as designated by the
Engineer.

229.12.12.4. If mineral filler or hydrated lime is specified, a separate bin and feeder shall
be furnished. Mineral filler or hydrated lime shall be introduced and uniformly dispersed into the
mixture without loss to the dust collection system. The delivery system shall be variable speed and
interlocked with the aggregate weigh belt so that total dry aggregate weight, including mineral filler
or hydrated lime, is indicated to the asphalt proportioning system. A device shall be provided to
indicate when the flow of filler into the delivery system stops, or drops below, or rises above the
specified tolerance. The rate of flow of mineral filler or hydrated lime into the delivery system
shall be accurate to 0.5%, by weight, of the total mix. Means shall be provided to readily divert the
flow of mineral filler or hydrated lime into a container for measurement.

229.12.12.5. The aggregate feed system, including hydrated lime and mineral filler if
specified, and the asphalt flow shall be interlocked by a blending system, which will automatically
regulate the asphalt flow and cause immediate correction for variations in aggregate flow. The
system shall provide positive weight measurement of the combined cold aggregate feed by use of
belt scales. The combined cold aggregate feed shall be continuously recorded on a nonsetback
register. The scale and the conveyor at the scale shall be protected from wind and weather effects.
Feed of material to the belt scale shall be controlled to ensure at normal operation the combined
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aggregate flow is between 50% and 100% of the rated capacity of the scales. The plant shall be
equipped so that the proportion of each aggregate can be individually varied. The plant shall also
be equipped so that the total aggregate rate can be varied without affecting the proportions. The
plant shall be equipped with a moisture-compensating device in the control panel to automatically
correct for the moisture in the aggregate passing over the belt scale. Moisture determinations on the
combined aggregate will be made periodically during each day's operations. The plant shall be
equipped with a device in the control panel to automatically correct for the specific gravity of the
asphalt. The plant shall also be equipped with a device to positively maintain the proportions of
aggregates, mineral filler or hydrated lime, and asphalt cement throughout the full production range.

229.12.12.6. Safe, adequate and convenient facilities shall be provided for obtaining
representative asphalt and aggregate samples. The plant shall be equipped with a sampling device
capable of providing a sample of sufficient size from the full width of the combined aggregate cold
feed flow. It shall be designed so that samples may be taken while the plant is operating at normal
production rates. Safe, adequate and convenient facilities shall be provided for calibrating the
asphalt flow, mineral filler or hydrated lime flow, and the aggregate flow. The manufacturer's
recommendations shall be followed for calibration. To calibrate the aggregate flow system, means
shall be provided to permit a positive and uniform diversion of the aggregate in sufficient quantity
for accurate timed weight checks. To calibrate the asphalt metering system for proper
proportioning, an asphalt distributor or other equipment approved by the Engineer shall be made
available so that an accurate tare, gross and net weight may be obtained of the diverted asphalt
discharge. If necessary, manual overrides of the electronic timing equipment shall be provided for
testing and calibration. Electronic timing equipment shall be provided for testing and calibration
purposes. The rate of flow of the total aggregate and asphalt flow shall not vary by more than 2.0%
by weight from the required quantity of each.

229.12.12.7. Automatic Ticket Printer. The asphalt plant shall be equipped with an
automatic ticket printer connected to the weighing system in such a manner that the printer
automatically detects and prints the weight determined by the system. The printer shall store and
recall the tare weight when the operator enters the vehicle identification. The weight shall be
shown to at least the nearest 20 pounds or nearest one one-hundredth of a ton. The automatic
printer shall be capable of keeping and printing cumulative totals for each project for each type of
bituminous mixture. The automatic printer shall produce a ticket in triplicate to accompany each
load delivered to the project and shall be furnished to the Engineer showing the weight for each
load that shows the following:

Gross, tare and net weights.

Identification of the vehicle.

Current date and time.

City job mix designation.

Job mix percent asphalt.

Unique ticket number. (May be preprinted on the ticket).
City Project No. and Federal Job No. if applicable.

NNk wh =

When the net weight of bituminous mixture is determined by batch weights, the scales shall
meet all requirements of this Section, including automatic ticket printing, except the gross and tare
weights will not be required. When the net weight of bituminous mixture is determined by
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weighing in a vehicle, the vehicle shall be weighed empty for each load, weighed daily or weighed
as the Engineer may direct, in order to establish the tare weight of each load.

At the end of each day's operation the Contractor shall furnish to the Engineer the total
tonnage of mixture produced by the asphalt plant in sufficient detail to determine the amount of
asphalt cement used in that day's operation.

In the event of automatic ticket printer failure, the Contractor may be allowed, with the
Engineer's approval, to furnish manually written tickets to complete that day's operation.

229.12.13. Hauling Equipment. Trucks used for hauling bituminous mixtures shall have
tight, clean, smooth, metal beds, which have been thinly coated with a minimum quantity of
BR3600 by BioSpan Technologies, Inc. or equal, to prevent the mixture from adhering to the beds.
Use of diesel fuel, fuel oil or other detrimental products as a bed coating will not be allowed. Each
truck shall have a cover of canvas or other suitable material of such size as to protect the mixture
from the weather. The cover shall be securely fastened over all sides of the truck bed. When
necessary, so that the mixture will be delivered on the road at the specified temperature, truck beds
shall be insulated. No loads shall be sent out so late in the day that spreading and compacting of the
mixture cannot be completed during daylight, unless there is adequate lighting in the area of work.

229.12.14. Pavers. Bituminous pavers shall be self-contained units, rubber tired or
trackmounted, provided with an activated screed or strike-off assembly, equipped with a vibratory
system capable of consolidating the asphaltic material and a system capable of heating and
maintaining the screed at a temperature which will provide for the spreading and finishing of
asphaltic concrete in lane widths applicable to the specific typical section and thicknesses shown on
the plans. The paver shall be equipped with a receiving hopper having sufficient capacity to
produce a uniform spreading operation. The hopper shall be equipped with a distribution system of
sufficient capacity and speed to place the mixture uniformly in front of the screed or strike-off. The
use of auger extensions will be required when, in the opinion of the Engineer, they are necessary to
properly distribute the mixture before the screed or strike-off. The screed or strike-off assembly
shall be equipped with an automatic control device as required in Section 229.16.6, and shall
effectively produce a consolidated finished surface of required evenness and texture without
shadow lines, tearing, shoving, or gouging the mixture. When laying mixtures, the paver shall be
capable of operation at forward speeds, which will produce a uniform consolidated mat of asphaltic
material. The use of all paving equipment will be subject to the approval of the Engineer.

229.12.14.1. When conditions dictate, the Engineer may disapprove the use of rubber tired
pavers. Uniform tire pressure must be maintained in all pneumatic tires at all times.

229.12.14.2. The use of petroleum distillates to clean the paver or other equipment will not
be allowed on any paved surface. The cleaning of handtools will be allowed inside of containers
firmly attached to the paver, which have a sufficient volume to prevent spilling of petroleum
distillates on to the surface to be paved. Any spillage on to the surface to be paved will be promptly
cleaned up utilizing absorbent material and if necessary the surface will be retacked. If in the
opinion of the Engineer, the container attached to the paver is insufficient in any way, it will be
removed and handtools will be cleaned beyond the paving limits until a suitable container is
provided. Petroleum distillates in sprayers or buckets will not be allowed within the boundaries of
the area to be paved.
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229.12.15. Automatic Screed Control. The use of automatic screed control devices will
be required for all full depth construction except for paving small irregular areas, shoulders,
entrances, and side road connections. The screed of the mechanical spreading and finishing
machine shall be regulated by an automatically controlled grade leveling and slope control device
approved by the Engineer. The device shall be of a standard commercial quality adapted to the type
of paver used and shall provide control for producing a uniform surface to the established grade and
a cross slope conforming to the requirements of the typical section. The device shall also be
equipped with the necessary controls to permit the operator to adjust or vary the slope throughout
superelevated curves.

1. Except as modified above or by the Contract, an established grade reference
shall be used. The Engineer will establish the grade and will furnish variable
thickness values at intervals along the centerline of the roadway for the use of the
Contractor in setting a grade reference. The initial pass of the paver, when placing
the first continuous layer, shall be made with the sensor following the established
grade reference maintained true to grade. If the established grade reference is not
required, the initial pass of the paver, when placing the first continuous layer, shall
be made with the sensor following a traveling reference plane not less than 30 ft. in
length, segmented, supported on pads parallel to the paver and mounted as an
integral part of the paver. Regardless of the method used for placing the first
continuous layer, other layers shall be placed by use of a shoe-type sensor or
indicator, the traveling reference plane (walking beam), or by additional use of the
established grade reference as follows:

a. If the current construction consists of only one bituminous or
asphaltic layer, a shoe-type sensor or indicator resting on the adjacent surface
shall be used for control of subsequent passes of the paver for that layer.
When more than two adjacent passes of the paver are required to place the
material the full width of the riding surface, additional use of the established
grade reference or use of the traveling reference may be required, if in the
judgment of the Engineer, satisfactory grade control is not being obtained by
the use of the shoe-type sensor.

b. If the current construction consists of two bituminous or asphaltic
layers, subsequent passes of the paver for the first layer and the first pass of
the paver for the second layer shall be made with the sensor following the
traveling reference. The adjacent passes of the paver for the second layer
shall be made with a shoe-type sensor or indicator resting on the previously
placed second layer. When more than two adjacent passes of the paver are
required to place the second layer the full width of the riding surface,
additional use of the established grade reference or the traveling reference
may be required, if in the judgment of the Engineer, satisfactory grade
control is not obtained by the use of the shoe-type sensor resting on the
adjacent surface.

c. If the current construction consists of three or more bituminous or
asphaltic layers, subsequent passes of the paver for the same layer and each
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pass of the paver for all additional layers except the top layer, shall be made
with the sensor following the traveling reference. When more than two
adjacent passes of the paver are required to place the surfacing material,
except for the top layer, the full width of the riding surface, additional use of
the established grade reference may be required, if in the judgment of the
Engineer, satisfactory grade control is not obtained by the use of the traveling
reference. The automatic screed control device need not be used when
placing the top layer if the current construction consists of three or more full
layers of a bituminous or asphaltic mixture.

2. The spreading operation shall be discontinued in the event of failure of the
automatic control device, except that placement will be permitted of mixtures
already produced at the time of the failure. The use of the automatic control
equipment does not preclude the need for manual control of the screed adjustment
for wedging operations over small areas requiring more correction than the
maximum thickness permitted for an individual layer of the type of material being
placed.

3. For overlay of an established depth on a milled surface or wedged course, the
use of the automatic screed control maybe eliminated if in the opinion of the
Engineer the surface tolerances may be met. For safety of the motoring public, the
automatic screed control may also be eliminated if such action is necessary due to
width restrictions on the roadway.

229.12.16. Rollers. All rollers, vibrators, or other equipment used to compact the
asphaltic mixture shall be in satisfactory working condition. All rollers shall be capable of
reversing without backlash, and steel wheel rollers shall be equipped with scrapers, scouring pads,
and a controlled flow watering system. Pneumatic tired rollers shall be self-propelled, of the
oscillating type, and equipped with smooth tires of equal size, diameter, and ply rating, all
maintained at the same inflation pressure. All rollers shall have a scouring pad and a system for
moistening each wheel or roller. It will be the Contractor’s responsibility to use the appropriate
number and types of rollers to achieve compaction. A minimum of (3) three 10 to 12 ton tandem
axle vibratory rollers will be required. Vibratory frequency and pattern will be established by test
strip and will not be altered unless field monitoring indicates compaction outside the acceptable
range. It will be the Contractor’s responsibility to establish and operate within these parameters. A
maximum 3 ton vibratory roller will be required for intersections and commercial approaches to
eliminate roller marks and indentations. Trench rollers, vibrators, and other special equipment used
for compacting mixtures placed in areas inaccessible to the rollers specified shall be of a weight and
design approved by the Engineer. The Contractor shall submit a certification of weight or other
suitable documentation certifying compliance with specifications for each piece of compactive
equipment proposed for use. Non-certified equipment will not be permitted to operate. No direct
payment will be made for the cost of complying with this requirement.

229.12.16.1. After the asphaltic mixture has been spread, struck off, and surface
irregularities adjusted, it shall be thoroughly and uniformly compacted by rolling. Rolling shall
begin as soon after spreading the mixture as it will bear the weight of the roller without undue
displacement. The number of rollers furnished shall be sufficient to obtain the required compaction
while the mixture is in a workable condition. Except for projects involving small quantities of
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mixture, the compacting equipment requirements shall meet specifications set forth in Section
229.12.16. If equipment breaks down or rolling does not keep up with the spreader, all work will
be stopped. The Engineer will have the option of rejecting any pavement not meeting the rolling or
density requirements of Section 229.12.18.1.4. If pavement is designated to remain in place,
penalties will be assessed for the affected material in accordance to Section 229.29.

229.12.16.1.1. Rollers shall move at a uniform speed with the drive roller or wheels
nearest the paver. Rolling shall begin at the sides and proceed longitudinally parallel to the road
centerline, each trip overlapping one half the roller width, gradually progressing to the crown of the
road. When paving in echelon or abutting a previously placed lane, the longitudinal joint shall be
rolled first followed by the regular rolling procedure. Where practical the longitudinal lane joints
will be "pinched" by rolling from the existing portion of roadway and lapping over into the newly
placed asphaltic material so as to tightly bond and compact the new asphalt to the existing asphalt.
On superelevated curves the rolling shall begin at the low side and progress to the high side by
overlapping of longitudinal trips parallel to the centerline. Alternate trips of the roller shall be
terminated in steps to prevent the formation of surface irregularities. The alternate stops shall be
spaced in such manner that any excess water will drain quickly. Lateral or diagonal rolling may be
permitted to remove high spots, provided the rolling is done in such manner and at such time that
shoving or cracking will not result. Rolling shall be continued until all roller marks are eliminated.
Lateral or cross-rolling will be required at all butt or construction joints.

229.12.16.1.2. Any displacement occurring as a result of starting, stopping, or
changing direction of a roller, or from other causes, shall be avoided. Areas of displacement shall
be corrected at once by the use of rakes and addition of fresh mixture when required. Care shall be
exercised in rolling not to displace the line and grade of the edges of the asphaltic concrete. If
necessary to prevent adhesion of the mixture to the rollers, the wheels and rollers shall be kept
properly moistened with water or water mixed with very small quantities of detergent or other
approved material. Excess liquid will not be permitted. Along forms, curbs, inlet sumps, headers,
walls and other places not accessible to the rollers, the mixture shall be thoroughly compacted with
hot hand tampers, smoothing irons, or with mechanical tampers. A trench roller shall be used on
depressed areas inaccessible to regular width equipment. A one-ton roller or hand roller will be
required to adequately compact tapered pavement edges.

229.12.16.1.3. Any mixture that becomes loose and broken, mixed with dirt, or is in
any way defective shall be removed and replaced with fresh, hot mixture, which shall be compacted
to conform with the surrounding area. Any area showing an excess or deficiency of asphalt cement
shall be removed and replaced.

229.12.16.1.4. Rolling shall be continued until all roller marks are eliminated and
before the un-modified mixture cools to 185°F or the modified mixture cools to 200°F, except as
otherwise specified. The final density of the in-place mixture shall be between 92 and 96% of the
field determined maximum specific gravity (AASHTO T 209). The applicable density will be
determined by the Engineer to correspond with the mix design test method. Density will be
determined by nuclear methods or by a specific gravity method.

229.12.16.1.5. Joint Density. The minimum density of all traveled way pavement
within 6 inches of a longitudinal joint, including the pavement on the traveled way side of the
shoulder joint, shall not be less than 2.0% below the specified density when unconfined. The
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density of the longitudinal joint when confined shall be included in the evaluation of the remainder
of the mat.

229.13. Weather Limitations. Asphaltic concrete shall not be placed: (1) when either
the air temperature or the temperature of the surface on which the mixture is to be placed is below
50°F for the surface course or below 40°F for subsurface courses, (2) on any wet or frozen surface,
(3) when weather conditions prevent the proper handling or finishing of the mixture, or (4) between
October 1 and April 1 except when authorized by the Engineer. Placement within these dates will
be permitted only when it is to the City's advantage to do so. The Contractor shall conduct
operations in such a manner that all base course asphaltic concrete is covered with surface course
asphaltic concrete prior to November 1. With the approval of the Engineer, base course (asphaltic
concrete or bituminous pavement) may be exposed through the winter months (November through
March) with the following requirements.

1. The in place density shall be between 93 and 96%.
2. The Voids in Mineral Aggregate (VMA) shall not be lower than 13.

The Voids in Mineral Aggregate (VMA) will be determined in accordance with Section
229.9.1 and the in place densities in accordance with Section 229.12.16.1.4.

229.13.1. During critical temperature periods in the fall of the year, the Engineer may
authorize the placement of surface course asphaltic concrete when the on-site ambient temperature
is 45°F and rising with an anticipated high temperature of at least S0°F. No further deviation in
weather restrictions or temperature limitations will be granted.

229.14. Subgrade Preparation. The subgrade upon which the Superpave mixture is to
be placed shall be prepared in accordance with Section 201.

229.14.1. For widening work, the bottom of the trench shall be compacted until it is
stable by use of a trench roller having a weight of not less than 300 Ibs./in. of width of rear roller, or
by mechanical tampers or other methods approved by the Engineer. Suitable excavated material
may be used in shouldering operations. All surplus excavated material shall be disposed of by the
Contractor in areas to be secured by him beyond the right-of-way limits, and as specified in Section
203.

229.14.1.1.  On the outside of curves, the design depth of trench at the beginning of the
superelevation transition shall be varied gradually to the minimum depth at the end of the
superelevation transition. Slight transitioning of the width of the base widening will be necessary to
permit the indicated angle of repose or shear angle outside of the ultimate edge of surface. The
bottom of the trench shall in no case be less than 3 in. below the surface of the existing pavement.

229.15. Application of Prime or Tack. The prime or tack coat, when specified, shall
be applied as set forth in Section 223.

229.16. Spreading and Finishing. The base course, primed or tacked surface, or
preceding course or layer shall be cleaned of all dirt, packed soil, or any other foreign material prior
to spreading the asphalt mixture. The mixture, when delivered to the spreading and finishing
machine, shall not exceed 350°F and be within 25°F of that designated by the Engineer. The paver
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shall be operated at a speed consistent with prevailing conditions that will give the best results. The
rate of delivery of the mixture to the paver shall be coordinated so as to provide, where practical, a
uniform rate of placement without intermittent operation of the paver.

229.16.1. The thickness of each course shall conform to the typical section in the
Contract. The Contractor may construct each course in any number of layers he chooses; but the
compacted thickness for SP95 shall be between 1 and 2 in., the compacted thickness for SP125
shall be between 1.5 and 3 in., the compacted thickness for SP190 shall be between 2 and 4 in. The
Engineer may increase the compacted layer thickness for SP190 mixtures when used for full-depth
base repair or in areas where the above specified layer thickness is not deemed practical. In these
areas the approved compaction methods shall be performed at the proper intervals and duration
until there is no further evidence of consolidation.

229.16.1.1.  Unless specified otherwise, paver screed or strike off widths will reproduce
the same lane configuration present when the reconstruction commenced. The use of specialized
equipment to comply with this requirement will not be considered a cause for additional
compensation. Any change in lane configuration will fall within the normal operating tolerance of
a standard ten (10) foot screed or strike off paver and will be made prior to the commencement of
paving operations.

229.16.2. For pavements having a width of 20 to 24 ft., inclusive, the asphaltic concrete
pavement shall be laid in lanes approximately one half the full width of the completed pavement
and the full width completed as soon as practical. Unless otherwise permitted, a single lane of any
course shall not be constructed to a length which cannot be completed to full width of the pavement
on the succeeding operating day unless otherwise permitted. For pavements greater than 24 ft. in
width, single lane width construction shall be limited to one day's production and completion to full
width shall be accomplished as soon as practical. For width less than 20 ft., a cut off plate or
specialized paver will be required.

229.16.3. No segregation will be permitted in handling the mixture at the plant, from
the truck, or during spreading operations on the roadway. Where only the top layer of the surfacing
continues across a bridge, the bottom layers shall be ended at a vertical edge. Unless otherwise
directed by the Engineer or shown on the plans, all lift edges shall be sloped or tapered and be
extended to provide a smooth transition at side streets and driveways. Under all conditions, the
final lift shall be tapered to a 3:1 slope unless adjacent to an aggregate shoulder.

229.16.4. The Contractor shall keep traffic off the asphaltic concrete until it has cooled
sufficiently to prevent flushing of the asphalt to the surface, marking or distorting the surface, or
breaking down the edges, and in any case until the temperature of the asphaltic concrete is 140°F or
below. When the asphaltic concrete construction consists of more than a single layer, each layer
shall be compacted as specified and allowed to cool to the ambient temperature before the next
layer is placed. The final surface layer shall be laid in a continuous sequence over the entire project
unless otherwise approved by the Engineer.

229.16.5. Spot Wedging and Leveling Course. The Engineer will determine the
locations and thickness of spot wedging and the thickness of leveling course to obtain the smoothest
possible riding surface. This procedure may result in spot wedging operations over small areas with
feather-edging at high points and ends of wedge areas. Rigid control of the placement thickness of
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the leveling course will be required. A leveling course, consisting of a layer of asphaltic concrete of
variable thickness used to superelevate curves and eliminate irregularities in the existing base, shall
be spread uniformly to the desired profile grade and cross section. The use of an approved finishing
machine with automatic screed control will be required on the spot wedge and the leveling course.
Superpave SP125 mixture shall be used for spot wedging. The type of mixture to be used for the
leveling course will be designated in the Contract. Surface grades will be established in advance of
the Contractor's wedge and level operations to prevent unnecessary interruptions in the work.

229.16.5.1. At intersections between arterial and/or collector streets, the lane width of the
pavement shall be completed for a minimum length of 100 ft. on either side of the intersection
centerline and feathered at the edges in a single operating day so that a uniform, smooth riding
surface is maintained across the intersection. When the asphaltic concrete construction consists of
more than one layer and a vertical face remains at a cross street at the end of a work day, temporary
asphaltic material shall be added along the edges to provide a smooth riding surface.

229.17. Placement of Temporary Pavement. Where conditions are such that the use
of a finishing machine is not deemed practical by the Engineer for constructing the wedge and
leveling course, the base course on the subgrade, narrow pavement widths or small irregularly
shaped areas, the Engineer may allow the use of bladed motor equipment or box spreaders for this
construction. The finish courses for temporary pavements shall be placed with a finishing machine.

229.17.1. In lieu of roller and density requirements, mixtures used for surfacing
medians and similar areas, shoulders adjacent to rigid pavement, shoulders adjacent to resurfaced
rigid pavement, and temporary by-passes to be maintained at the expense of the Contractor shall be
thoroughly compacted by at least three complete coverages over the entire area, with a tandem-type
steel wheel roller weighing not less than 10 tons. The rolling shall be performed at the proper time
intervals and shall be continued until there is no visible evidence of further consolidation.

229.18. Joints. Longitudinal and transverse joints shall be carefully made and well
bonded.

229.18.1. Transverse Joints. Transverse joints shall be formed in accordance with
standard drawings that will produce a dense, vertical section for use when laying is resumed. The
joint formed when the fresh mixture is placed shall be dense, well sealed, and the grade, line, and
surface texture of the succeeding surface shall conform to that of the joined surface. The vertical
face of transverse joint shall be painted with a light coating of asphaltic material. Hand
manipulation of the mixture shall be minimized to avoid unsightly texture.

229.18.2. Longitudinal Joints. Longitudinal joints shall be formed by the use of an
edging plate fixed on both sides of the finishing machine. These plates shall be adjustable and the
outside plate shall be set at an angle of approximately 45 degrees with the surface of the roadbed
and in a position that will lightly compact the mixture. The inside plate, or that placing material for
the longitudinal joint, shall be normal to the roadbed. When placing the first lane, if the mixture at
the longitudinal joint tends to slump, it shall be set up to a vertical edge by light compaction with
the back of the rake. Care shall be taken to obtain a well bonded and sealed longitudinal joint by
placing the hot mixture in a manner ensuring maximum compaction at this joint. A light coating of
asphaltic material shall be applied to the exposed edge before the joint is made. Irregularities in the
outside edge alignment shall be corrected by removing or adding mixture before the surface is
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compacted. Irregularities in the outside edge alignment shall be corrected by removing or adding
mixture before the surface is compacted. No additional payment beyond the unit prices bid for
asphaltic materials will be made for compliance with this requirement.

229.18.2.1.  The longitudinal joint in any layer shall offset that in the layer immediately
below by approximately 6 in.; however, the joints in the completed surfacing shall be at the lane
lines of the travel way, when field conditions permit.

229.18.3. Required Butt Joint. Butt joints shall be constructed in accordance with
Section 222.
229.19. Surface Tolerance. The surface of each layer shall be substantially free from

waves or irregularities. On arterial roadways and collector streets, the final surface (except on
medians and similar areas, shoulders adjacent to rigid pavement, and temporary bypasses) shall not
vary from a 10 ft. straightedge, applied parallel to the centerline, by more than 3/8 in. At transverse
construction joints, surface tolerances shall not vary from the 10 ft. straightedge by more than 1/4
in.

229.19.1. Surface irregularities in the final lift shall be addressed immediately and
corrected in the final rolling process. Should the Contractor fail to pave within the required
tolerances, the operation will be halted. If surface irregularities still exist when the temperature of
the asphalt drops below that which is required to roll the pavement in a workable state, the affected
pavement shall be removed and replaced to a depth of 1 1/4 in. or treated by other methods as
directed by the Engineer.

229.19.2. On residential streets, testing in accordance to Section 229.19 will be
performed, except that surface variations exceeding 1/2 in. in 10 ft. will be marked for removal.

229.20. Testing Pavement. At least one in situ density test shall be conducted per
300 linear feet of street pavement, and four 4” diameter core samples shall be taken per 500 linear
feet of street pavement for the determination of the average pavement thickness. The finished
courses shall have the nominal thickness shown on the plans. Tests will be made to ensure that
each course is being constructed of proper thickness, composition and density. The Contractor shall
cut samples from any layer of the compacted mixture at locations designated by the Engineer. The
samples shall be cut and delivered to an independent testing laboratory acceptable to the Engineer.
If the sample is not cut and delivered as stated, the asphalt laydown operation shall be suspended
until the samples are cut and delivered to the laboratory. Ice may be used to cool the pavement
immediately prior to sawing or coring the samples. Samples may be obtained by either sawing with
a power saw or by drilling 4 in. diameter cores. Each sawed sample shall consist of a single piece
of the pavement of the size designated by the Engineer, but no larger than twelve (12) inches
square. The samples (four cores or one sawed) shall be identified with the following information:

Project Name and Number

Mix Type and Street Name

Time and date sampled

Street Address or Station and Offset
Project Resident / Inspector Name

opo o
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Test results shall be available within twenty-four (24) hours (one work day) of delivery to
the laboratory.

229.20.1. Density Sample. If cores are used for density determination, a set of four
cores are required. At least one set of samples will be taken for each day's production. All samples,
whether sawed or cored, shall consist of an undisturbed portion of the compacted mixture. The
cores shall consist of the full depth of the lift or layer to be tested. Density tests, either cores or
nuclear reading, shall be taken in each lane being paved, every 300 ft. Cores used to establish a
nuclear correction factor shall be taken in a number designated by the Engineer and each four cores
or fraction thereof shall be considered a sample. The Contractor shall coordinate this work in a
manner that traffic shall be prohibited from traveling on the pavement until after the nuclear test
pattern has been performed and that area is cored and the pavement is repaired. Initial nuclear test
results, without a correlation with cores, does not imply acceptance by the City. The nuclear gauge
needs to be correlated to core densities that are taken from the same location as was the nuclear
gauge tested. This should be done for each different mix that might be used.

229.20.2. The surface from which samples have been taken shall be restored by the
Contractor with the mixture then being produced at the time the cores are taken. If paving has been
completed, the Contractor shall immediately restore the surface from which samples have been
taken with an approved commercial mixture acceptable to the Engineer.

229.20.3. Payment for coring and sawing shall be included in the Contractor’s unit
price for paving. Costs for Traffic Control while performing the coring and sawing operation shall
be included in other items.

229.21. General Requirements.

229.21.1. Sequence of Operations. To reduce inconvenience to the traveling public
during widening or surfacing, the Contractor will not be permitted to place any final surface course
until the base widening, the leveling course, and the binder course have been completed throughout
the entire combination of sections, unless otherwise authorized by the Engineer. The proper
condition of the base widening, the leveling course, and the binder course, at the time of placing the
surface course, shall be the Contractor's responsibility.

229.21.2. Traffic Striping. If the Contractor's work has obliterated the existing traffic
striping on resurfacing projects open to through traffic, and the surface course has not been
completed at the time work is suspended for any extended period, temporary striping will be placed
by the Contractor when necessary in the judgment of the Engineer. Any temporary striping and
residue shall be removed prior to placing the next lift.

229.22. Surfaced Approaches. At locations designated in the Contract or as directed
by the Engineer, approaches are to be tacked in accordance with Section 223 and surfaced with
bituminous pavement. The asphaltic surface shall be placed in accordance with details shown on
the typical section or as directed by the Engineer. No direct payment will be made for any work
required to condition and prepare the subgrade on the approaches.

229.23. Filling Drain Basins. If shown on the plans or designated by the Engineer,
existing drain basins shall be filled to the top of the lip with plant mix bituminous base course from
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the pavement edge to the edge of the shoulder. No direct payment will be made for any difficulty or
delay occasioned by this requirement.

229.24. Pavement Repairs (Blow-ups). A blow-up will be considered that area where
excessive expansion has resulted in distress to the existing pavement. Blow-ups occurring prior to
the application of the tack coat on the existing surface will generally be repaired by the City. Blow-
ups occurring after the application of the tack coat shall be repaired by the Contractor by removing
the distressed concrete and subgrade, and replacing with asphaltic concrete mixture full depth,
thoroughly compacted.

229.25. Method of Measurement. The weight of the mixture will be determined from
the batch weights when a batch-type plant is used; and will be determined by weighing each truck
load when other types of plants are used.

229.26. Basis of Payment.

229.26.1. Due to possible variations in the specific gravity of the aggregates, the
tonnage used may vary from the proposal quantities and no adjustment in Contract unit price will be
made because of such variation.

229.26.2. Payment for Pavement Repairs (Blow-ups). Payment for removing and
disposing of the broken concrete and for preparing subgrade will be made as provided in Contract
bid items. Payment for furnishing, placing, and compacting the asphaltic concrete replacement
material will be at the Contract unit bid price for the mixture used.

229.26.3. The accepted quantities of asphaltic concrete will be paid for at the unit bid
price, to the nearest ton, for each of the pay items included in the Contract. The quantity of SP125
material used in the wedging or leveling course will not be paid for as a separate bid item, but will
be paid for at the unit bid price for the pay item shown as SP125 asphaltic concrete.

229.26.4. Compensation for Thickness Deficiencies. In new construction, cores shall
be cut to determine pavement thickness. The drilling of cores for thickness in irregular placement
areas or thicknesses, or on projects involving less than 1000 tons of each SP mixture specified, may
be waived by the Engineer. If any core measurement is less than the thickness indicated in the
plans, penalties shall be assessed in accordance with the following schedule:

Deficiency in Thickness Deduction, in Unit Price Per Ton
0.00 to 0.20 in. None

Over 0.20 to 0.40 in. 20% Reduction

Over 0.40 to 0.60 in. 60% Reduction

Over 0.60 in. 100% Reduction

For privately built public roads, pavement with a thickness deficiency of over 0.25 in. shall
be milled and overlaid to bring the pavement to the correct thickness. If the correct thickness
cannot be achieved, the Engineer shall review the deficiency and determine a remedy. All core
drilling and patching shall be the responsibility of the Contractor.
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229.26.4.1.  Pavement Thickness. Cores will be taken for each completed course. Lift
thickness may be determined by the average thickness of cores taken for density measurements.
For the purpose of determining the constructed thickness of full depth pavement, cores shall be
taken at random intervals in each traffic lane at the rate of 1 core per 1000 feet or increment thereof,
or at any other locations as may be determined by the Engineer and measured in accordance with
AASHTO T 148. In addition, cores will be taken at all locations where thickness measurements
taken during the course of construction indicate a thickness deficiency sufficient to justify a
deduction from the Contract unit bid price, or at any other locations as may be determined by the
Engineer. When the measurement of any core is deficient in excess of 0.20 in. from the plan
thickness, additional cores will be taken at 500 ft. intervals parallel to centerline ahead and back of
the affected location until the extent of the deficiency has been determined. The in-place unit
weight of the core sample will be used to compute the tonnage of each SP mixture specified in the
affected area subject to deduction.

229.26.5. Compensation for Density Deficiencies. Pavement shall be tested in
accordance to Section 229.12.18.1.4 and/or 229.20.1. Density values for each lift of asphaltic
concrete will be determined. Pavement, which is not compacted to the desired density requirement
specified, shall be removed and replaced. If in the judgment of the Engineer the inadequately
compacted pavement would not seriously impair traffic service, penalties may be assessed for
inadequate density results in lieu of the removal and replacement of pavement. Penalties will be
assessed at the Engineer’s option in accordance to Section 229.26.6.

229.26.6. Full Depth Superpave Asphaltic Concrete Construction and Asphaltic
Overlays. At the Engineer's option, penalties for inadequate compaction will be assessed as follows:

Compaction Results
(Percent of Field Determined

Maximum Specific Gravity, Gmm) Deduction in Unit Price per Ton
97.1% Or abOVe .....ceeevvieeeieennee. 100% Reduction or Remove and Replace
96.1 10 97.090 c..eveeeeeeeeeeeee et 25% Reduction
1.5 10 96.090 ..o No Deduction
0.6 10 V140 .ottt 5% Reduction
89.5 0 90.590 oo 25% Reduction
89.4% and below..........cccceevieeuenns 100% Reduction or Remove and Replace

Penalties will be assessed at 500 ft. intervals. These penalties may be waived for wedge and
leveling courses if the Engineer determines that proper compaction may not be achieved due to
irregular placement areas or thicknesses.

For privately built public roads, pavement with a density above 96.1% or below 90.5% shall
be removed and replaced to bring the pavement to the correct density.

229.26.7. The quantities, complete in place and accepted, will be paid for at the
applicable Contract unit price, which payment shall be full compensation for preparation of
subgrade, furnishing, hauling and placing all materials, compaction, equipment, tools, labor and
work incidental thereto. Payment will be made under:

Item No. 229.1. Test Strip, per ton or square yard.
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Item No. 229.2. SP90 Asphaltic Concrete, per ton or square yard.
Item No. 229.3. SP125(LP)(LS) Asphaltic Concrete, per ton or square yard.
Item No. 229.4. SP190 Asphaltic Concrete, per ton or square yard.
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SECTION 230

PORTLAND CEMENT CONCRETE

230.1. Description. Portland cement concrete shall consist of a mixture of Portland cement,
fine aggregate, coarse aggregate, and water combined in the proportions specified for the various
classes of concrete. Admixtures for the purpose of entraining air, retarding or accelerating the set,
tinting and other purposes may be added as specifically required or permitted.

230.2. Materials.

230.2.1. Portland cement shall conform to the requirements of ASTM Specifications
C 150 and C 175, Type 1 or Type 1-A cement shall be used for all concrete work unless otherwise
specified by the Engineer. The Contractor shall submit evidence to the Engineer that the Portland
cement conforms to ASTM Specifications C 150 and C 175.

If Type 1 is selected it shall be used with an air entraining admixture added at the plant to
produce five to eight percent (5% - 8%) air in the concrete. If Type 1-A cement is selected it also
shall produce from five to eight percent (5% - 8%) air in the concrete.

Type 3 or Type 3-A cement shall be used when high early strength is necessary. Use of
Type 3 or 3-A cement must be approved by the Engineer. Concrete using Type 3 or 3-A cement
must meet the air entrainment percentages listed above.

230.2.2. Concrete air entraining admixtures shall conform to the requirements of
ASTM Specifications C 260 and C 233 as last revised except as permitted by the Engineer. In order
to obtain approval for the use of any air entraining agent, the Contractor shall submit to the
Engineer evidence that the agent conforms to the requirements of ASTM C 260 and C 233 as last
revised.

230.2.3. Fine aggregate shall consist of clean natural sand of hard, sharp, durable and
uncoated, grains. The amount of deleterious substances shall not exceed the following limits:

Item % by weight
Clay lumps 0.25
Coal and lignite 0.25
Material passing No. 200 sieve 3.00
Other deleterious substances 0.10

All fine aggregate shall be from injurious amounts of organic impurities.

The gradation of the fine aggregate shall conform to the following sieve analysis when
tested by the Standard U.S. Sieve Analysis:
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230.2.4.

Sieve Size Percent Passing

3/8” 100%
No. 4 95-100%
No. 20 40-70%
No. 50 5-20%
No. 100 0-5%

Coarse aggregate shall consist of either gravel or crushed stone of sound,

durable, and uncoated particles. Gravel shall be washed clean. The coarse aggregate shall meet the
purity and soundness requirements of the Missouri Department of Transportation.

Crushed stone shall be of uniform quality. The percentage of wear shall not exceed fifty
percent (50%) when tested in accordance with AASHTO Specification T-96-58 (c) (Los Angeles

Abrasion Test).

Gravel shall be washed when tested in accordance with AASHTO T-96-58 (c) (Los Angeles
abrasion test). The percentage of wear shall not exceed forty-five percent (45%).

The percentage of deleterious substances shall not exceed the following values. The sum of
percentages of all deleterious substances, exclusive of Items 5 and 6, shall not exceed six percent

(6%).

ot
=t
(¢}

S e

Percent by Weight
Deleterious rock 5%
Shale 1%
Chert in limestone 4%
Other foreign material 0.5%
Material passing No. 200 sieve 2.0%
Thin or elongated pieces 5.0%

The gradation shall conform to the following limits based on the standard sieve sizes:

Size Sieve Percentage Passing
1 inch 100%

% inch 85-100%

1/2 inch 25-60%

No. 4 0-8%

No. 10 0-3%

230.2.5. The water used for mixing and curing concrete shall be potable, clean and
free from acid, salt, oil, and other organic matter harmful to the concrete. The use of City water is
preferred.

230.2.6. Non-chloride accelerators shall be in accordance with AASHTO M-194-94.

Calcium chloride shall not be used unless approved by the Engineer.

230.2.7.

Fly ash, shall conform to the requirements of ASTM C 618 Class C. In
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order to obtain approval for the use of fly ash, the Contractor shall submit to the Engineer evidence
that the fly ash conforms to the requirements of ASTM C 618 and shall include the most recent test
reports for Loss On Ignition (LOI), mortar air content, and fly ash foam index tests.

230.2.8. Retarding admixtures shall be in accordance with AASHTO M 194, Type B
or D.

230.2.9. Water-reducing admixtures shall be in accordance with AASHTO M 194,
Type A. High range water-reducing admixtures, when permitted for use, shall be in accordance with
AASHTO M 194, Type F or Type G.

230.3. Mix Design. The proportions of the various ingredients for Portland cement
concrete shall be as specified by the Engineer within applicable limits of the specifications for the
class of concrete designated by the Contract. The mix set by the Engineer will be based upon the
materials intended for the use in the work, and if sources of supply are changed, the mix may be
revised. The supplier shall test all concrete mix designs per ASTM C 1260 to yield a 16-day
expansion lower than 0.10%. Any concrete mix design using pozzolans other than Class C fly ash,
the supplier shall perform ASTM C1567 tests to yield a 14-day expansion lower than 0.10%.

230.4. Class of Concrete.

230.4.1. Class A concrete shall contain six (6) sacks of cement to the cubic yard (one
sack of cement--ninety-four (94) pounds). The water content shall not exceed five and a half (5.5)
U.S. gallons per sack of cement including the surface moisture in the aggregate. Concrete shall
attain a minimum 28-day compressive strength of 4,000 PSI.

230.4.2. Class AA concrete shall contain seven (7) sacks of cement to the cubic yard.
The water content shall not exceed five and a half (5.5) U.S. gallons per sack of cement. Concrete
shall attain a minimum 28-day compressive strength of 4,000 PSI.

230.4.3. Class B concrete shall contain five (5) sacks of cement to the cubic yard.
The cement water content shall not exceed six and a half (6.5) gallons per sack of cement. Concrete
shall attain a minimum 28-day compressive strength of 3,000 PSI.

230.5. Mixing. The concrete may be mixed on the site as in case of a paving machine
mixed, at a central mixing plant, or mixed in transit. In all cases the concrete shall be agitated and
mixed until there is a uniform distribution of the materials and shall be discharged completely
before the mixer is recharged.

230.5.1. In the case of ready-mix concrete, the concrete shall be discharged within
sixty (60) minutes and the time required between start and completion of discharge shall not exceed
fifteen (15) minutes. If the length of time is greater than sixty (60) minutes, the load of concrete
shall be rejected at the expense of the Contractor. The ready-mix concrete shall be mixed and
delivered in accordance with the requirements set forth in standard specification for ready-mix
concrete ASTM C 94.

230-3



230.5.2. Approved Class C fly ash may be used to replace a maximum of 25 percent
of the Portland cement on a pound for pound basis in all concrete. All fly ash shall be tested for
carbon content and type prior to delivery to ready mix plant or jobsite. Air entrainment shall be
adjusted based on carbon content and type to provide consistent air entrainment.

230.5.3. Ready-mix concrete shall be produced by a plant which has been approved
by the Missouri Department of Transportation and the Engineer.

230.6. Inspection and Tests.

230.6.1. All materials shall be subject to inspection by the Engineer at all times.

230.6.2. The strength of the concrete shall be tested by either the standard
compression test as designated by ASTM Specification C 39-49 or the concrete flexure test as

designated by ASTM Specification C 78.

The City will take samples of the concrete delivered to the job for making concrete tests and
the testing of the specimens will be done at the City's expense.

Slump tests will be made by the City in accordance with ASTM Specifications C 143.
Slumps shall not exceed the maximum designated for the class and use of the concrete.

All equipment and tools which are used for material handling and performing all parts of the

work must meet the approval of the Engineer. The equipment must be kept in full and good
working order.
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SECTION 231

PORTLAND CEMENT CONCRETE PAVEMENT

231.1. Work Included. This work shall consist of the construction of Portland cement
concrete placed with or without reinforcement on a prepared subgrade. The type and dimensions of
the pavement will be indicated by the typical section on the construction plans.

231.2. Materials. Concrete used in the construction of Portland cement concrete pavement
shall be Class "A" concrete, unless specified otherwise, and all materials, proportioning, air-
entrainment, mixing, and transporting for Portland cement concrete shall be in accordance with
Section 230, Portland Cement Concrete.

Reinforcing steel shall conform to Section 238, Reinforcement for Portland Cement
Concrete.

Epoxy for bonding dowels shall be a two-part epoxy meeting the requirements of ASTM
C881, Type 1V and approved for below grade use. Product shall be Hilti HY 150, Sikadur
AnchorFix-3 or 4, or approved equal.

231.3. Subgrade and Base.

231.3.1. The subgrade shall be graded, compacted and rolled to ensure maximum
density to the exact cross section and elevations and shall be tested with an approved template
before concreting. High areas shall be reduced to grade and low areas raised to grade with
approved material compacted in place, as directed. Subgrade shall be proof rolled per Section 205.

231.3.2. The base course shall be graded, compacted and rolled to ensure maximum
density to the exact cross section and elevations and shall be tested with an approved template
before concreting. High areas shall be reduced to grade and low areas raised to grade with
approved material compacted in place, as directed. Base course shall be constructed per Section
212.

231.4. Forms shall be of steel or of wood two (2) inches thick, dressed on the top and
inside. Built up, battered, bent, twisted, broken or dirty forms shall not be used. Flexible forms
may be used for curves of radii less than one hundred (100) feet. Forms shall be cleaned and oiled
before use and shall be securely staked and braced and have rigid, tight connections at joints. Face
forms are required when forming integral curbs.

231.5. The concrete shall be placed with a minimum of rehandling to avoid segregation.
No concrete that has partially hardened or has been contaminated by foreign material shall be
deposited on the work, nor shall re-tempered concrete be used. All concrete shall be thoroughly
compacted by spading or vibrating to eliminate the voids. Care shall be exercised particularly at
and about form and joints to avoid formation of voids or honeycombs and to prevent damage to
joint installations.

231.6. Expansion and contraction joints may be sawed or premoulded and shall be installed
as indicated, at right angles to the grade and length of the street unless shown otherwise on the
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plans. Sawed grooves shall have a depth of at least one-fourth (1/4) the thickness of the concrete
and shall be filled with a bituminous joint sealing material.

231.6.1. Premoulded Expansion Joints. Premoulded expansion joints shall be either
polychloroprene elastomeric and conform to AASHTO M220 (ASTM D2628) or preformed
expansion joint filler per AASHTO M213 (ASTM D1751). One (1) inch premoulded filler shall be
installed as noted on the plans, and at all connections with existing concrete structures. Expansion
joint materials shall be cut to the full depth of the pavement and integral curb cross section. The top
of the expansion joint shall be scraped free of mortar. Expansion joints shall be installed at
intervals not to exceed 150 feet whether shown on the drawings or not.

231.6.2. Premoulded Contraction Joints. Premoulded contraction joints shall conform
to AASHTO M213 (ASTM D1751). Contraction joints of one-eighth (1/8) inch pressed fiber
material shall be installed at intervals of not more than twenty (20) feet.

231.6.3. Longitudinal Joints. Joints between construction lanes shall not be keyed.
Joints shall be doweled

231.6.4. Construction Joints. Construction joints may be keyed or butt type and shall
be located at the regular location of a contraction joint or not less than ten (10) feet from any other
joint. Butt type joints shall have dowels on one (1) foot centers extending at least seven and a half
(7.5) inches into and out of the concrete. Construction joints shall be placed at the end of the day’s
work or wherever concrete placement is suspended for more than thirty (30) minutes.

231.6.5. Transverse contraction joints of premoulded pressed fiber material,
dimensions of which are shown on the drawings, shall be installed at intervals of not more than
twenty (20) feet.

231.6.6. Dowel bars shall be used to transfer load across all expansion joints or in
other locations as shown on the plans. The diameter and length of bars shall be as shown on the
plans. Dowel bars shall be smooth round rail or billet steel bars placed as shown on the drawings,
and shall be held in position exactly parallel to the surface and center line of the slab by a metal
device that shall be left in the pavement. The use of stone, brick or other bulk material for
supporting dowels or sleeves will not be permitted. One-half (1/2) of each bar shall be coated with
basic lead sulphate, blue lead or red lead paint and with a heavy oil (not grease) to prevent bond.
The painted and oiled end of the bar shall also be furnished with an approved paper or metal sleeve
so designed as to provide a three-fourths (3/4) inch space at that end of the bar.

Deformed dowel bars which are placed after the concrete has been placed shall be stuck
while the concrete is still plastic. Alternatively, the bars may be drilled and epoxied. Smooth bars
must be drilled and epoxied if not in place before concrete is placed.

231.6.7. Sawed Joints. Sawed joints shall be provided at a maximum of twenty (20)
foot intervals using a special concrete saw which has one or more circular blades at least one-eighth
(1/8) inch thick. These may be reinforced abrasive blades or steel blades inlaid with diamonds (or
other types that meet with the approval of the Engineer). In either case the blades shall be cooled
and lubricated abundantly with cold water. The joints must be cut within twelve (12) hours of
placing concrete, before shrinkage stresses have caused the formation of early cracks.
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231.6.8. Joint Filler. After the pavement has been properly cured, all open joints
including expansion joints, construction joints, and longitudinal joints, shall be cleaned, primed
with a light grade of cut-back asphalt, and poured full of an approved hot poured joint sealing
compound. The joint sealing compound shall be either polymeric asphalt based (AASHTO M301,
ASTM D3405) or elastomeric-type (AASHTO M282, ASTM D3406), heated and applied in strict
accordance with instructions of the manufacturer. Joints must be thoroughly clean and dry
immediately before seal is poured and sealing compound shall be poured so that the joint is filled to
the level of the adjacent concrete surfaces.

231.7. If the Contractor desires to use a concrete paving machine, the paving machine must
be checked and inspected by the Engineer before work begins. Paving machine shall be capable of
consolidating and finishing the concrete. Hand finishing shall be provided as needed to provide a
quality finished product meeting these specifications. The paving machine may at no time be
operated on the finished concrete or on the base which is to be paved, unless permission is granted
by the Engineer.

231.8. The temperature of the concrete shall be between sixty and ninety degrees
Fahrenheit (60° - 90° F.) when placed in the forms.

231.9. Cold Weather Construction. Cold weather construction shall comply with ACI 306
— Cold Weather Concreting in addition to these specifications. Concreting shall be discontinued
when the temperature falls below forty degrees Fahrenheit (40°F.) unless the aggregates or the
water are heated to produce the temperatures in Section 231.8 above. However, the Engineer may
require that no concrete be poured when in his opinion the concrete might become damaged from
freezing due to subsequent falling of the temperature.

a. Mixing water shall be heated to a maximum of one hundred and fifty degrees
Fahrenheit (150° F.).

b. Aggregates shall be heated until free of all ice and frost.

C. All covering and heating equipment shall be on hand and approved by the Engineer

before any concrete is placed.

d. The use of a non-chloride accelerator shall be used only with the consent of the
Engineer.

When the concrete is placed during cold weather there must be means to protect the
concrete. This will be done by applying concrete blankets to protect the concrete from freezing, or
other approved methods. Such protection shall be continued for at least seven (7) days unless
directed otherwise by the Engineer.

In no case may the concrete be placed on a frozen subgrade. The pavement shall not be
opened to traffic or the Contractor's equipment until ordered by the Engineer. Concrete injured by
frost action shall be removed and replaced at the Contractor's expense.

In no case may concrete be poured when the air temperature is thirty-two degrees Fahrenheit

231-3



(32° F.) and below.

231.10. Hot Weather Construction. Hot weather concrete construction shall comply
with ACI 305 — Hot Weather Concreting.

231.11. Placing and Finishing Concrete.

231.11.1. Concrete shall be placed in successive batches over the entire width between
side forms. Do not place concrete around manholes or other structures until they are at proper
grade, alignment, and cross slope. Concrete shall be consolidated by use of vibrating units
operating in the concrete. Unless vibrating apparatus is such that the full width of concrete is
consolidated in a single passage, a definite system or pattern shall be used in the operation of the
vibrator so the full width of concrete in each linear foot of lane will receive adequate and uniform
consolidation. The system and methods of vibrating shall be subject to approval of the Engineer.
Vibrating equipment shall, under no circumstances, be used as a tool for moving concrete laterally
on the grade. Care shall be taken in discharging concrete to avoid segregation. Concrete shall be
thoroughly vibrated along the forms or sides and along expansion and key type longitudinal joints
by means of a small approved hand-type mechanical vibrator. Care shall be taken that the vibrator
does not penetrate the subgrade or dislodge or remove the joints. Concrete shall not extrude below
forms. Mixers and trucks used for transport are permitted to discharge concrete by chute or dump
directly onto subgrade or prepared base provided underlying material is not damaged or distorted.
Honeycomb in concrete base, pavement edge, or curb may be cause for rejection of concrete.

231.11.2. The concrete shall be brought to the proper section by means of a mechanical
finishing machine, a vibrating screed or by an approved type of strike-off board. If a strike-off
board is used, it shall be constructed of a material that will not warp, shrink or sag and shall weigh
not less than ten (10) pounds per lineal foot. The strike-off board shall be used as a tamping
template, if other equipment is not provided for this purpose, with an up and down motion while
being propelled forward manually. Any of the above devices, if used, shall be adjusted to the exact
crown of the pavement. All surfaces shall be consolidated and floated after strike-off prior to final
surface finish.

The surface shall be checked with a straight edge not less than ten (10) feet in length,
mounted on long handles and any low spots filled in and high spots removed. All disturbed places
shall be refloated. The pavement shall not vary more than one-eighth (1/8) inch from a ten (10) foot
straight edge laid parallel to the center line. Contractor shall check the surface immediately behind
paving operations to correct surface while concrete is still plastic.

The final finishing operation for streets shall be a broom finish, bridge decks shall be
combed. The surface of the pavement shall be of uniform texture and to proper grade and cross
section. If the Contractor has elected to use the mechanical brooming method and the results are
not satisfactory, the Engineer may require that the hand brooming method be used.

a. Hand Brooming. After surface irregularities have been removed, the surface of the
concrete shall be given a broom finish. Approved steel or fiber brooms of not less
than eighteen (18) inches wide, shall be drawn across the surface from the center line
towards each side, with the broom held perpendicular to the surface, one stroke of
the broom per width of broom, slightly overlapping adjacent strokes. The
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corrugations resulting from the broom operation shall be uniform in appearance and
not more than one-sixteenth (1/16) inch in depth. Brooming shall be completed
before the concrete is in such condition that it will be torn or unduly roughened and
before the concrete has obtained its initial set.

b. Mechanical Brooming. A machine capable of producing a finished surface similar to
that required for hand brooming may be used for the final finishing of the pavement
surface.

c. Combing. A wire comb shall be no less than 10 feet long with a single line of wires

exposed to a length of approximately 4 inches. The wire shall be blue tempered and
polished spring steel with nominal dimensions of 0.028 inch thick and 0.100 to 0.125
inch wide. The wires shall be spaced to provide 1/2-inch clear space between wires
and securely mounted in a rigid head. Except for concrete finished by hand methods,
the wire comb shall be mechanically operated and capable of covering the full width
of slab in a single pass, at a uniform speed and at a uniform depth. Final approval of
the wire comb will be based on satisfactory performance during actual use.
Successive passes of the comb shall be overlapped the minimum necessary to attain
a continuously textured surface. The surface texture produced shall have an average
texture depth of approximately 0.125 inch. Small or irregular areas, or areas not
suitable for machine texturing when adjacent surrounding concrete is ready for
texturing, may be textured with a hand operated device producing a textured surface
equivalent to that required for machine combing.

The Contractor will be held responsible for the correct alignment, grade and contour
specified. Any spots higher than one-eighth (1/8) inch in ten (10) feet, for concrete pavement shall
be ground to the required surface by the Contractor at his own expense.

All exposed edges of the concrete at joints, other than sawed joints, and back of curb shall
be finished with an edging tool of one-fourth (1/4) inch radius.

231.12. Diamond Grinding. Grind the riding surface to reduce or eliminate the
irregularities. Use a self-propelled grinding machine with diamond blades mounted on a multi-
blade arbor. Avoid using equipment that causes excessive ravels, aggregate fractures, or spalls.
Provide uniform texture the full width of the lane. Transverse grooving will not be required.

Use vacuum equipment or other continuous methods to remove grinding slurry and residue.
Prevent the grinding slurry from flowing across lanes being used by traffic. After corrections have
been made to the riding surface, test the pavement for smoothness using the same technique used to
determine smoothness originally.

Where smoothness is determined through the use of a profilograph, run two traces in each
lane that has been corrected. Run one trace three feet (one meter) from the longitudinal joint
between the lanes, and another trace three feet (one meter) from the shoulder or curb edge of the
lane. Assure that the profilograph testing and evaluation is preformed by a trained and certified
operator. Within two days after the corrections to the riding surface are made, furnish the Engineer
with the profilogram and its evaluation.
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Evaluate the profilogram of the corrected riding surface in 250 ft. sections per lane. The
required profile index per trace is 15 inches per mile. Perform additional grinding as required to
attain the required profile index. Correct all deviations (in excess of Y2 inch in a length
of 25 feet) within each section regardless of the profile index value.

231.13. Integral Curb. Integral curb shall be constructed at each side of the pavement
conforming to the dimensions and design as shown on plans and shall be constructed of the same
concrete as the pavement.

The curb shall be placed immediately after all pavement finishing operations but before the
concrete has taken its initial set. The time elapsing between placing the pavement and placing the
curb shall not be more than forty-five (45) minutes. A thorough bond shall be obtained between the
pavement and curb; if necessary the pavement shall be roughened by a trowel or wire brush. After
the concrete has been placed in the curb form, it shall be vibrated, spudded or tamped to ensure
sufficient density to prevent honeycomb. When the concrete has sufficiently set, the face forms
shall be removed and the curb finished to proper alignment, grade and cross section by troweling
and floating with properly shaped tools. No plastering with grout will be permitted. The final
finish shall be made by brushing transversely from bottom to top.

All transverse joints in the pavement shall be matched evenly and through the curb and shall
conform to the shape of the curb. Finished surface of curb and gutter shall be checked for no more
than %4 deviation in 10 feet via straightedge and corrected as necessary. Gutter shall be checked
with a 4’ carpenter’s level while concrete is still plastic.

231.14. Curing. After the concrete has been finally finished and the water has left the
surface, the exposed surface shall be sprayed with a transparent membrane solution meeting the
requirements of AASHTO M148 Type 2. The curing material shall be applied in strict accordance
with the manufacturer's recommendations and as directed by the Engineer. If rain falls on the
newly coated pavement before the film has dried sufficiently to resist damage, or if the film is
damaged in any other way, the Contractor will be required to apply additional curing material to the
affected portions. Application shall be by a pressure spray at a uniform rate not to exceed two
hundred (200) square feet of surface per gallon of spray. If hair checking develops before the
membrane can be applied, the concrete shall be initially cured with wet burlap before the membrane
is applied. After the side forms are removed the sides shall be sprayed with the curing compound.

231.15. Backfilling Slab Edges and Curbs. A minimum of 24 hours shall elapse
before forms are removed and 5 days shall elapse or the concrete must have attained 75% of its 28
day compressive strength before pavement is backfilled unless otherwise approved by the Engineer.
Backfill shall be accomplished in accordance with Section 201 entitled "Excavation and
Embankment." The Contractor shall be responsible for the repair of any existing street pavement
damaged by the construction to the satisfaction of the Engineer. Before the pavement is opened to
traffic or the work accepted, the area outside the slab edge or back of the curb shall be backfilled
with selected earth approved by the Engineer, thoroughly compacted in layers not exceeding six (6)
inches in depth and neatly graded off flush with the slab or top of the curb or as shown on the plans.

231.16. Opening to Traffic. The concrete pavement may not be opened to low
volume, light construction traffic until five (5) full days have passed since the concrete was placed
unless otherwise directed by the Engineer. Base and pavement shall not be opened to all types of
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traffic until concrete has attained a compressive strength of 3,500 psi and all sawed joints that have
opened more than %4” are sealed. Pavement shall be broom clean prior to opening to traffic.

231.17. Protection. As soon as the placing of concrete begins, the Contractor shall
provide means for completely protecting the pavement from any and all damage or marring of the
surface. Protect the concrete from rain. Barricades, lights and signals shall be provided as needed.
At all places where it is necessary to maintain public or private crossing over the pavement the
Contractor shall at his own expense provide and maintain bridges or other devices that will prevent
the damage or marring of the concrete.

231.18. Repairing Defects. Defects shall be repaired per Section 239.

231.19. Inspection and Testing. Inspection and testing shall be performed in
accordance with Section 230.6. Concrete for pavement shall have a slump of two (2) to four (4)
inches when using ready-mix concrete and one (1) to three (3) inches when using a concrete paving
machine. Concrete used for paving shall have a minimum average compressive strength of 4,000
psi at twenty-eight (28) days and a minimum average flexural strength of 550 psi. At least one set
of three (3) test cylinders for each 250 feet of street lane but not less than one set for any one day’s
operations shall be reserved for testing. The making, curing, and handling of each test specimen
shall be in accordance with ASTM C31. Each set of concrete cylinders shall be tested as follows:

One cylinder shall be broken to determine 7-day strength

One cylinder shall be broken at 28-days to determine ultimate strength

One cylinder shall be held and not tested unless the 28-day average strength is below
the specified strength or unless otherwise directed by the Engineer.

Unacceptable concrete shall be removed and replaced or repaired to the satisfaction of the
Engineer at the Contractor’s expense.

231.20. Basis of Payment. Portland cement concrete pavement will be paid for at the
Contract price per square yard for Portland cement concrete pavement in place, which price
includes preparation of subgrade, backfilling of curbs, all materials, all equipment, tools, labor and
work incidental thereto. Payment will be retained for any pavement with defects. Defects shall be
repaired per Section 239. Payment will be made under:

Item No. 231.1. Portland cement concrete pavement, per square yard
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SECTION 232

CONCRETE CURB AND GUTTER

232.1. Description. Concrete curb and gutter shall consist of Portland cement concrete,
placed with or without reinforcement on a prepared subgrade. The type and dimensions shall be as
shown on the construction plans. Generally curbing is to be placed prior to final placement of
pavement or sidewalk. See section 231 for integral concrete curb.

232.2. Materials. Concrete used in the construction of curb and gutter shall be Class "A"
concrete, unless otherwise specified; and all materials, proportioning, air-entraining, mixing, and
transporting for Portland cement concrete shall be in accordance with Section 230, Portland Cement
Concrete. Reinforcing steel shall conform to Section 238, Reinforcement for Portland Cement
Concrete.

232.3. Removals. Remove existing curbing to nearest contraction or expansion joint, or
with approval of Engineer, curb may be sawn such that no free section is less than 5’ long and
curbing is sawed a minimum of 2” below any exposed surface or sufficiently to prevent disturbance
of adjacent structures or slabs. The adjacent pavement shall be removed at least 18" wide for
construction of new curb. The pavement may be sawed at the edge of the curb if the edge of
pavement is not raveled by sawing and that when the curb is placed the transition from the
pavement to curb is smooth, neat, and workmanlike.

232.3. Subgrade. The subgrade shall be graded, compacted and rolled to ensure maximum
density to the exact cross section and elevations shown on the plans. The subgrade shall be
moistened in advance of depositing concrete, but shall not be muddy or excessively wet.

232.4. Forms. The forms for this work shall be metal or wood of full depth of the concrete,
straight, free from warp and of sufficient rigidity to prevent distortion due to the pressure of the
concrete and other loads incidental to the construction operations. The forms shall be substantial
and unyielding and shall be so designed that the finished concrete will conform to the proper
dimensions and contours. Forms shall be set and maintained true to the line designated until the
concrete is sufficiently hardened. Forms shall be designed to permit their removal without damage
to the concrete. Forms shall not vary from true line and grade by more than 1/8” in 10’. Forms
shall be thoroughly cleaned and oiled with a form release agent before concrete is placed. Forms
shall be joined neatly and tightly for a distance of at least one hundred (100) feet in advance of the
point of placing concrete. Face forms will be used with all curbs and are to have a height equal to
or greater than the height of the curb face being formed.

A slip-form curb machine may be used in lieu of forms. The machine must be equipped
with mechanical internal vibrators and be capable of placing curb to the correct cross section, line
and grade within allowable tolerances.

232.5. Mixing, Handling and Placing, Finishing and Curing Concrete. The mixing,
handling and placing, finishing and curing of concrete for curb and gutter shall be in accordance
with the appropriate requirements as designated under Section 231, Portland Cement Concrete
Pavement, unless otherwise specifically designated.
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Concrete curb and gutter shall be constructed in sections having a uniform length of ten (10)
feet maximum. The length of a single section may be reduced to a minimum of five (5) feet where
necessary for closure. Expansion joints shall be provided at intervals of ninety (90) feet. All joints
in concrete curb and gutter shall receive joint filler in accordance with Section 231.6.8 of these
specifications. Expansion joints shall use 1 thick preformed joint filler in a single piece cut to the
correct curb section. The face and top of the curb and gutter shall be floated smooth and the edges
shall be tooled to a ¥4” radius as shown in typical section. Joints shall be at a right angle to curbing
and shall be true and plumb. Contraction joints for curbs on asphalt streets shall be spaced at
intervals of not less than 10 feet or more than 15 feet. Contraction joints shall extend through the
entire curb section from the top of curb to a depth 2 inches below pavement surface.

232.6. Backfill. After the concrete has set sufficiently, as determined by the Engineer, the
back of curbs shall be back-filled to the required elevation with suitable material which shall be
compacted in layers of not more than six (6) inches until firm and solid.

232.7. Inspection and Tests. Inspection and testing shall be performed in accordance with
the requirements of Section 230.6, Concrete for Concrete Curb and Gutter, shall have a slump of
two (2) to four (4) inches.

232.8. Basis of Payment. Excavation for concrete curb and gutter will be paid for at the
Contract unit price per cubic yard for common excavation, under Section 201 Excavation and
Embankment with the exception of backfill and will be measured to the pay lines indicated on the
Contract drawings.

Concrete curb and gutter will be paid for at the Contract unit price per lineal foot for
concrete curb and gutter complete in place, which price will include all materials, forms,

equipment, tools, labor and work incidental thereto. Payment will be made under:

Item 232. Concrete curb and gutter, per lineal foot.
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SECTION 234

CONCRETE SIDEWALKS

234.1. Description. Concrete sidewalks shall be constructed to the line, grade and
dimensions shown on the plans or as established by the Engineer. Unless otherwise specifically
designated, concrete sidewalks shall have a width of five (5) feet and a depth of four (4) inches,
except that at driveways or other points designated on the plans, the depth shall be increased to six
(6) inches.

232.2. Concrete. Concrete used in the construction of sidewalks shall be Class "A"
concrete as specified in Section 230, Portland Cement Concrete, with the additional requirement
that the amount of chert in crushed limestone aggregate shall not exceed two percent (2%) by
weight. All materials, proportioning, air-entraining, mixing, and transporting for concrete shall be
in accordance with Section 230.

234.3. Detectable Warnings. Truncated Domes are required standardized surface features
built in or applied to walking surfaces on sidewalks or ramps to warn visually impaired people of
hazards on a circulation path. Those hazards include, but are not limited to interfaces between
sidewalks and areas where moving vehicles may be present.

a. Dimensions. Detectable warnings shall consist of raised truncated domes with a 0.9
inch nominal diameter, a nominal 0.2 inch height, and a nominal center to center spacing
between 1.6 in. and 2.4 in. They shall extend across the full walking surface of the walk or
ramp, and shall be 2 feet long in the direction of pedestrian travel.

b. Materials. The material used to provide contrast shall be an integral part of the
walking surface. Detectable warning plates are to be 247°x36”, 247°x48”, or 24”x60” and
Colonial or Brick Red (Federal Color No. 20109) in color. Detectable Warning tile to be
ADA Solutions Part number 2436REPBR, 2448REPBR, or 2460REPBR or approved equal.
In situations that detectable warnings are to be placed around a radius the detectable
warning tile to be ADA Solutions Part number 24RADREPBR or approved equal. Stamped
concrete is not acceptable.

1. Detectable warnings are to meet ADA and State requirements and meet
dynamic vehicle loading, AASHTO HS20-44 wheel load test requirements.

2. Detectable warning must be a minimum Y2” thick or have a perimeter flange
at least 5/8” thick.

3. Bolts shall be stainless steel, minimum 3/8” diameter and bolt caps shall be
provided.
4. Embeds shall be galvanized steel, stainless steel or approved equal.
c. Installation.
1. The physical characteristics of the concrete shall be consistent with the
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Contract specifications while maintaining a slump range of 2-4 inches to
permit solid placement of the cast in place detectable warning tiles. An
overly wet mix will cause the tile to float. Under these conditions, suitable
weights such as 2 concrete blocks or sandbags (25 1b) shall be placed on each
tile.

2. A four foot long level, 25 1b. weights, and a large non-marring rubber mallet
are specific to the installation of the cast in place tile system.

3. The factory-installed plastic sheeting must remain in place during the entire
installation process to protect the finished surface of the tile.

4. When preparing to set the tile, it is important that no concrete be removed in
the area to accept the tile. It is imperative that the installation technique
eliminates any air voids under the tile. Holes in the tile perimeter allow air to
escape during the installation process. Concrete will flow through the large
holes in each embedment flange on the underside of the tile. This will lock
the tile solidly into the cured concrete.

5. The concrete shall be poured and finished true and smooth to the required
dimensions and slope prior to the tile placement. The tile shall be placed true
and square to the curb edge in accordance with the Contract drawings. The
cast in place detectable tile shall be tamped into the fresh concrete to ensure
that the field level of the tile is flush to the adjacent concrete surface. The
embedment process should not be accomplished by stepping on the tile as
this may cause uneven setting which can result in air voids under the tile
surface.

234.4. Construction.

a. Subgrade. Concrete sidewalks shall be constructed on a prepared smooth subgrade
of uniform density. The subgrade shall be graded, compacted and rolled to ensure
maximum density to the exact cross section and elevations and shall be tested with an
approved template before concreting. Large boulders and ledge rock found in the subgrade
shall be removed to a minimum depth of six (6) inches below the finished subgrade
elevation and the space shall be backfilled with suitable material which shall be thoroughly
compacted by rolling or tamping. The Contractor shall furnish a template and shall
thoroughly check the subgrade prior to depositing concrete.

b. Forms. The forms shall be of either metal or wood and shall be straight, free from
warp, of sufficient strength to resist springing during construction, and of a height equal to
the full depth of the sidewalk to be constructed. Wood forms shall have a minimum
nominal thickness of two (2) inches. Metal forms shall be of a type approved by the
Engineer. Flexible or curved forms of proper radius shall be furnished on curves. The
forms shall be thoroughly cleaned, well oiled, securely staked, braced, and held to the
required line and grade before any concrete is deposited.

234.5. Depositing Concrete. The concrete shall be deposited between the forms on
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moistened subgrade and shall be struck off and compacted to the required thickness. Concrete shall
be compacted by internal vibrating equipment.

234.6. Joints. Saw joints shall be spaced approximately at five (5) feet intervals, and shall
be provided for the full width to a depth of one (1) to two (2) inches. Joints shall be sawn within
twelve (12) hours of concrete placement after initial set and before shrinkage cracks occur. Tooled
joints are not acceptable.

Premoulded expansion joint material, one-half (1/2) inch thick, shall be installed in the
sidewalk for its full depth wherever it meets another sidewalk, driveway, building, curb, lighting
standard, fireplug, or other rigid object with the exception of curb inlets and junction boxes.
Expansion joints shall be placed on all four (4) sides of the square formed by the intersection of two
(2) sidewalks. When the sidewalk fills the space between the curb and a building or wall, an
expansion joint shall be placed between the sidewalk and the curb and between the sidewalk and the
building or wall.

234.7. Finishing. After the concrete has been brought true to line and grade it shall be
finished to a medium rough finish by use of a stiff broom or other approved method to produce an
even, gritty texture. All edges shall be rounded with an edging tool to one-fourth (1/4) inch radius.

234.8. Curing. Immediately after finishing, the sidewalk shall be cured in the same manner
as required under Section 231.

234.9. Hot and Cold Weather Concreting. Temperature of the concrete and hot and cold
weather construction requirements shall be the same as specified in Section 231.

234.10. Backfilling. After the concrete has sufficiently set, the form shall be removed and
the space on each side of the walk shall be backfilled. The earth shall be compacted and graded in a
manner satisfactory to the Engineer.

234.11. Inspection and tests. Inspection and testing shall be performed in accordance with
the requirements of Section 230.6. Concrete for concrete sidewalks shall have a slump of two (2) to
four (4) inches.

234.12. Basis of payment. Concrete sidewalks, complete in place and accepted, will be paid
for at the Contract unit price per square foot, which payment shall be full compensation for
furnishing, hauling and placing all materials including detectable warnings, preparing subgrade,
forms and all joints, backfilling, equipment, tools, labor, and work incidental thereto. Payment will
be made under:

Item No. 234.1. 4" or 6" Concrete sidewalks, per square foot.
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SECTION 235

CONCRETE STEPS

235.1. Description. Concrete steps shall be constructed where shown on the plans and in
accordance with the design and instruction of the Engineer.

235.2. Materials. Concrete used in the construction of steps shall be Class "A" concrete,
and all materials, proportioning, air-entraining, mixing, and transporting for concrete shall be in
accordance with Section 230, Portland Cement Concrete. Reinforcing steel shall conform to
Section 238, Reinforcement for Portland Cement Concrete.

235.3. Construction.

a. Subgrade. Concrete steps shall be constructed on a prepared smooth subgrade of
uniform density. Large boulders and ledge rock found in the subgrade shall be removed to a
minimum depth of six (6) inches below the finished subgrade elevation and the space shall
be backfilled with suitable material which shall be thoroughly compacted by rolling or
tamping. The Contractor shall furnish a template and shall thoroughly check the subgrade
prior to depositing concrete.

b. Forms. The forms shall be of either metal or wood and shall be straight, free from
warp, of sufficient strength to resist springing during construction, and of a height equal to
the full depth of the steps to be constructed. Wood forms shall have a minimum thickness
of two (2) inches. Metal form shall be of a type approved by the Engineer. Flexible or
curved forms of proper radius shall be furnished on curves. The forms shall be thoroughly
cleaned, well oiled, securely staked, braced, and held to the required line and grade before
any concrete is deposited.

C. Dimensions. If steps are constructed without construction plans, the steps shall be
laid out so that between landings treads shall be uniform width and rises shall be uniform
height without any irregularity.

d. Hot and Cold Weather. Hot and cold weather placement shall be in conformance
with Section 231.

235.4. Depositing concrete. The concrete shall be deposited between the forms on the
moistened subgrade and shall be struck off and compacted to the required thickness. It shall be
tamped sufficiently to bring the mortar to the top surface, and the surface shall then receive a final
broom finish unless otherwise directed by the Engineer. All edges shall be rounded with an edging
tool to one-fourth (1/4) inch radius.

Premoulded expansion joint material shall be installed for the full width and depth of the
cross section where the steps abut sidewalks, curbs and other structures.

Immediately after finishing, the steps shall be cured in the same manner as required under
Section 231, Curing of Portland Cement Concrete Pavement.
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235.5. Backfilling. After the concrete has sufficiently set, the Contractor shall remove the
forms and shall backfill the space on each side of the steps. The earth shall be compacted and
graded in a manner satisfactory to the Engineer.

235.6. Inspection and Tests. Inspection and testing shall be performed in accordance with
the requirements of Section 230.6. Concrete for steps shall have a slump of two (2) to four (4)
inches.

235.7. Method of Measurement. Tread area of steps in square feet, measured to the nearest
square foot.

235.8. Basis of Payment. Payment for concrete steps, including reinforcing steel as
required, complete in place, including necessary excavation, all material, equipment, tools, labor
and any work incidental thereto, will be considered as completely covered by the Contract price per
square foot. Payment will be made under:

Item No. 235.1.R. Concrete steps (reinforced), per square foot.
Item No. 235.1.NR. Concrete steps (non-reinforced), per square foot.
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SECTION 236

PATCHING PORTLAND CEMENT CONCRETE PAVEMENT

236.1. Description. Where noted on the plans, or as directed by the Engineer, the
Contractor will be required to patch the existing Portland cement concrete pavement.

236.2. Construction. After all pavement in the patch area has been removed as required, the
subgrade shall be excavated to provide an under-cut approximately two (2) inches wide and two (2)
inches deep. Should the subgrade be unstable, such undesirable material as may be encountered
shall be excavated to a minimum depth of twelve (12) inches below the top of the finished concrete
patch. The subgrade shall then be constructed to proper elevation by filling with approved
aggregate material and compacted until all subgrade weakness has been corrected.

The area shall then be paved with Class "AA" Portland cement concrete as specified in
Section 230, Portland Cement Concrete. All appropriate provisions of Sections 230 and 231 shall
apply, except for the following items:

a. Hand finishing will be permitted.
b. Transparent membrane curing solution will not be permitted if the pavement is to be
resurfaced.

Unless otherwise noted on the plans, material excavated from subgrade shall be disposed of
away from the project at locations which are the sole responsibility of the Contractor.

236.3. Payment. Payment for the foregoing work complete in place shall include
excavation, compacting the subgrade, furnishing all materials including those which may be
required for subgrade stabilization, tools, equipment, labor and any work incidental thereto.
Payment will be made under:

Item No. 236.1. Patching Portland cement concrete pavement, per square yard.
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SECTION 237

CONCRETE DRIVEWAY PAVEMENT

237.1. Description. Where called for on the plans, or as directed by the Engineer, concrete
driveway pavement shall be constructed to the line, grade and dimensions shown on plans.

237.2. Concrete used in the construction of driveway pavement shall be Class "A" concrete,
and all materials, proportioning, air entrainment, mixing, and transporting for the concrete shall be
in accordance with Section 230, Portland Cement Concrete.

The mixing, handling and placing, finishing and curing of concrete for driveways shall be in
accordance with the appropriate requirements of Section 231, Portland Cement Concrete Pavement.

237.3. Basis of Payment. Payment for concrete driveway pavement, complete in place,
including the removal of existing driveway surfacing, all materials, all joints, equipment, tools,
labor and work incidental thereto will be considered as completely covered by the Contract price to
nearest one-tenth (1/10) of a square yard. Payment will be made under:

Item No. 237.1. 6" or 7” Concrete driveway pavement, per square yard.
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SECTION 238

REINFORCEMENT FOR PORTLAND CEMENT CONCRETE

238.1. Description. This item shall include billet-steel bars, rail-steel bars, axle-
steel bars, cold-drawn steel wire, fabricated steel bars or rod mats and welded steel wire
fabric for concrete reinforcement.

238.2. Materials. All materials shall conform to the requirements of the American
Society for Testing Materials as hereinafter designated. Only one grade of steel will be
allowed on any one Contract, unless otherwise noted on the plans or in the special
provisions. Rebar is to be ASTM A-615 Grade 60 unless otherwise specified. Rebar to be
welded shall meet the requirements of ASTM A-706.

238.3. Order Lists. Before ordering material, all order lists and bending diagrams
shall be furnished by the Contractor for the approval of the Engineer and no materials shall
be ordered until such lists and bending diagrams have been approved. The approval of
order lists and bending diagrams by the Engineer shall in no way relieve the Contractor of
responsibility for the correctness of such lists and diagrams. Any expense incidental to the
revision of material furnished in accordance with such lists and diagrams to make it
comply with the design drawings shall be borne by the Contractor.

238.4. Protection of Material. Steel reinforcement shall be protected at all times
from injury. When placed in the work, it shall be free from dirt, detrimental scale, paint,
oil or other foreign substance. However, when steel has on its surface detrimental rust,
loose scale and dust which is easily removable, it may be cleaned by a satisfactory method,
if approved by the Engineer.

238.5. Fabrication. Bent bar reinforcement shall be cold bent to the shapes shown
on the plans, and unless otherwise provided on the plans or by authorization, bends shall
be made in accordance with the following requirements:

Stirrups and tie bars shall be bent around a pin having a diameter not less than two
(2) times the minimum thickness of the bar. Bends for other bars shall be made around a
pin having a diameter not less than six (6) times the minimum thickness except for bars
larger than one (1) inch, in which case the bends shall be made around a pin of eight (8)
bar diameters.

Bar reinforcement shall be shipped in standard bundles, tagged and marked in
accordance with the Code of Standard Practice of the Concrete Reinforcement Steel
Institute.

238.6. Bar Reinforcement. Bar reinforcement shall conform to the requirements of

the ASTM Specifications Designation A 15-58T for billet-steel bars or ASTM Designation
A 16-59T for rail steel bars, or the latest revision thereof.
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All bars shall be of the deformed type conforming to ASTM Designation A 305-
56T or the latest revision thereof, unless otherwise specified.

The use of twisted bars is not permitted. Steel for all bars shall be made by the
open hearth process, unless otherwise called for in the special provisions of the plans.

238.7. Wire and Wire Mesh. Wire shall conform to ASTM Designation A 82-58T
for cold-drawn steel wire for concrete reinforcement, or the latest revision thereof.

Wire mesh, when used as reinforcement in concrete, shall conform to ASTM
Designation A 185-58T Welded Steel Wire Fabric, or the latest revision thereof. Rolled
fabric reinforcement is not acceptable. The type of mesh shall be approved by the
Engineer.

238.8. Bar Mat Reinforcement. Bar mat reinforcement for concrete shall conform
to ASTM Designation A 184-37 the specification for fabricated steel bar or rod mats, or
the latest revision thereof.

238.9. Placing and Fastening. All steel reinforcement shall be accurately placed in
the position shown on the plans and firmly held during the placing and setting of concrete.
When placed in the work, it shall be free from dirt, detrimental rust, loose scale, paint, oil
or other foreign material. Bars shall be tied at all intersections except where spacing is less
than one (1) foot in each direction when alternate intersections shall be tied. Ends of all
ties shall be bent facing away from the exposed surface.

Distances from the forms shall be maintained by means of stays, ties, hangers,
bolsters, or other approved supports. Metal chairs which are in contact with the exterior
surface of the concrete shall be plastic dipped. Layers of bars shall be separated by
standees or by other equally suitable devices. The use of cement blocks, pebbles, pieces of
broken stone or brick, metal pipe and wooden blocks shall not be permitted. The
minimum spacing center to center of parallel bars shall be two and a half (2 1/2) times the
diameter of round or three (3) times the side dimension of square bars, but in no case shall
the clear distance between the bars be less than one and a half (1 1/2) times the maximum
size of the coarse aggregate. Reinforcement in any number shall be placed and then
inspected and approved by the Engineer before the placing of concrete begins. Concrete
placed in violation of this provision may be rejected and removal required.

238.10. Splicing. All reinforcement shall be furnished in the full lengths
indicated on the plans. Splicing of bars, except where shown on the plans, will not be
permitted without the written approval of the Engineer. Splices shall be staggered as far as
possible.

Unless otherwise shown on the plans, bars in the bottom of beams and girders, and
in wall, columns and haunches shall be lapped twenty (20) diameters and bars near the top
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of beams and girders having more than twelve (12) inches of concrete under the bars shall
be lapped forty (40) diameters, to make the splice. In lapped splices, the bars shall be
placed in contact and wired together in such a manner as to maintain a clearance of not less
than the minimum clear distance to other bars and the minimum distance to the surface of
the concrete, as specified above under Section 238.9 - Placing and Fastening. Welding of
reinforcement steel shall be done only if detailed on the plans or if authorized by the
Engineer in writing. Welding shall conform to the current specification for Welded
Highway and Railway Bridges of the American Welding Society.

238.11. Lapping. Sheets of mesh or bar mat reinforcement shall overlap
each other sufficiently to maintain a uniform strength and shall be securely fastened at the
ends and edges. The edge lap shall not be less than one (1) mesh in width.

238.12. Substitutions. Substitution of different size bars will be permitted
only with specific authorization by the Engineer. If steel is substituted, it shall have an
area equivalent to the design area, or larger.

238.14. Payment. There will be no direct payment for furnishing and

installing reinforcement but the whole cost and expense of such work to the Contractor
must be included by him in the price bid in items that are to be reinforced.
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SECTION 239

REPAIR OF CONCRETE PAVEMENT

239.1. Description. Portland Cement Concrete Pavement shall be repaired in accordance
with this section. Contractor shall submit a schedule of repairs to the Engineer prior to
commencing with repairs.

239.2 Schedule of repairs. Assess the defects in the streets and prepare a plan
conforming with the chart below.

Defect Type | Defect Defect Location Description Repair Procedure | Alternate
Direction Procedure
Plastic Any Anywhere Only Do nothing Fill with
Shrinkage partially HMWM?®
Crack Penetrates
Depth
Uncontrolled | Transverse | Mid-slab Full-depth Saw and seal LTR’
Crack Crack
Uncontrolled | Transverse Crosses or ends at Full-depth Saw and seal the
Crack Transverse joint Crack; Epoxy
Uncracked joint

Uncontrolled | Transverse | Relatively parallel and | Full-depth Saw and seal the | FDR" to replace
Crack Within 5 ft of joint Crack; Seal joint | Crack and joint
Saw cut or Transverse Anywhere Spalled Repair spall by
Uncontrolled PDR’ if crack not
Crack removed
Uncontrolled | Longitudinal | Relatively parallel & Full-depth Saw and seal the | Cross-stitch'
Crack within 1 ft. of joint; Crack; Epoxy crack

may cross or end at Uncracked joint

longitudinal joint
Uncontrolled | Longitudinal | Relatively parallel & Full-depth Remove and Cross-stitch'
Crack in wheel path 1-4.5 ft replace slab crack

from joint
Uncontrolled | Longitudinal | Relatively parallel and | Full-depth Cross-stitch'
Crack further than 4.5 ft crack; Seal

from a long. joint or longitudinal joint

edge
Saw cut or Longitudinal | Anywhere Spalled Repair spall by
uncontrolled PDR’ if crack not
crack removed
Uncontrolled | Diagonal Anywhere Full-depth FDR*
crack
Uncontrolled | Multiple per | Anywhere Two cracks Remove and
crack slab dividing slab | replace slab

into 3 or

more pieces
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'Cross-stitching; for longitudinal cracks only, drill %" holes at 35° angle, alternating from each side of

joint on 30-36 in. spacing. Epoxy #5 epoxy coated deformed steel tiebars into hole.

HMWM = High molecular weight methacrylate poured over surface and sprinkled with sand for skid resistance.
LTR = load-transfer restoration; 3 dowel bars per wheel path grouted into slots sawed across the crack; Slots
must be parallel to each other and the longitudinal joint.

*FDR = full-depth repair; 10 ft long by one lane wide. Extend to nearest transverse contraction joint if 10 ft
repair would leave a segment of pavement less than 10 ft long.

°PDR = partial-depth repair; Saw around spall leaving 2 in. between spall and 2 in. deep

perimeter saw. Chip concrete free, then clean and apply bonding agent to patch area. Place a separating

medium along any abutting joint or crack. Fill area with patching mixture.

239.3 Basis of Payment: There will be no additional payment for repair of defects.
Payment for pavement work will be retained until defects are corrected.

239-2



SECTION 240

COLD MILLING

240.1. Description. This section includes cold milling pavement surfaces.

240.2. Equipment. Milling the surface of pavements shall be completed by the use of a
milling machine conforming to the following:

a. Machine. The cold milling machine shall be self-propelled and shall have in
combination the means of milling and cutting, without softening the old surface and
blading the cuttings into a single windrow, or depositing them directly into a truck.

b. Air Pollution. The machine shall be equipped with a dust suppression system
including water storage tanks and high pressure spray bars.

C. Operating Width. It is desirable that the cutting width be greater than 6 feet. In
the event the cutting width is less than 6 feet a system of electronic grade control for
consecutive passes will be required.

d. Cutting Drum. The cutting drum shall be totally enclosed to prevent discharge of
any loosened material on adjacent work areas.

e. Warning Light. The milling machine shall be equipped with a flashing warning
light visible from 360 degrees. The light shall be mounted near the rear of the machine,
at least 2 feet above the highest part of the milling machine, and shall be used whenever
the machine is being used or moved upon the City streets.

240.3. Construction Details.
240.3.1. Methods of Operations for Milling:

1. Operator. The milling machine shall be operated by an experienced and
capable operator.

2. Utilities. Street surfaces adjacent to manholes, water valves and other
utility extensions, shall be completely removed to the full depth of cut specified
for the street unless otherwise specified by the Engineer. Any damages are to be
repaired by Contractor at Contractor’s expense. After removal, place temporary
wedge of bituminous around appurtenance to allow safe transition by through
traffic.

3. Material Disposal. The material windrowed by the machine shall be
removed immediately from the surface of the pavement and properly disposed of
by the Contractor.
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4. Surface Conditions. The drum lacing patterns shall produce a smooth
surface finish after milling, with groove depths not to exceed 1/4 inch and groove
spacing not to exceed 1 inch unless otherwise approved by the Engineer.

240.3.2. Types of Cuts to be made by Milling:

1. Leveling. Sufficient passes shall be made such that all irregularities or
high spots are eliminated, and that 100% of the surface is milled.

2. Average Depth. Sufficient passes, or cuts, shall be made in order to
remove a specified depth over the entire street section. These depths will be
designated in the Contract Documents.

3. Curb Cut. Sufficient passes or cuts shall be made in order to remove a
specified depth at the curb for a specified width. The depth at the width furthest
from the curb is 0. These dimensions will be designated in the Contract
Documents.

4, Bridge Deck Milling. Sufficient passes, or cuts, shall be made in order to
remove the material as specified on-the plans or in the Contract Documents.

240.3.3. Cleanup. All loose asphalt and debris shall be removed from the street
surface and curb and gutter. Any material and debris that adheres to the curb and gutter shall be
removed.

240.4. Method of measurement. Cold milling will be measured per square yard to the
nearest tenth for the specified depth.

240.5. Basis of payment. Cold milling will be paid for by one of the following:

Item No. 240.1. Contract unit bid price, per square yard.
Item No. 240.2. Contract lump sum bid price.
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SECTION 241

MAINTENANCE OF TRAFFIC

241.1 Description. This section governs the furnishing of all labor, equipment and tools
and for the performance of all work necessary to provide Maintenance of Traffic as specified
herein, on the plans or within the Contract Documents.

241.2 General. The Contractor is required to maintain access to all properties served by
the streets within the construction site limits.

241.3 Traffic Maintenance and Warning Devices. The Contractor will be
responsible for arranging for installation of the necessary traffic control devices (with the
exception of the barricades and other channelizing devices) a minimum of 48 hours prior
to beginning the project so that inspection can be conducted by the Engineer.

Traffic maintenance devices including barricades, flashing lights, flagmen and other
traffic control devices shall be in conformance with "Part VI of the Manual on Uniform
Traffic Control Devices," latest edition.

241.4 Flashers and other traffic control devices. All traffic control devices shall be
maintained in acceptable condition as defined by the latest ATSSA “Quality Standards
for Work Zone Traffic Control Devices.” Devices in unacceptable or marginal condition
as determined above shall be removed from the job site and replaced with devices in
acceptable condition.

241.5 Method of Measurement. Maintenance of Traffic will be measured per each
device per day listed in the proposal and as adjusted by the Engineer during construction.
The device must be set for at least one—half of a calendar day for it to be measured for
payment.

241.6 Basis of Payment. Maintenance of Traffic will be paid for by one of the
following:

Item No. 241.1. Contract unit bid price.
Item No. 241.2. Contract lump sum bid price.
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SECTION 242

PAVEMENT MARKINGS

242.1. Summary. This section governs the furnishing of labor, equipment, and
materials and for the performance of work necessary to furnish and install white and
yellow permanent or temporary retro—reflectorized pavement marking materials.

242.2. General. The permanent pavement markings shall be installed immediately after
the roadway surface is complete unless prior approval is received by the Engineer. The
installation of the yellow markings (as required) is the first priority. If the permanent markings
cannot be installed and thus the roadway would be unmarked overnight, temporary removable
markings shall be installed and remain until the permanent markings can be installed. The
Contractor shall make every possible effort to remove the temporary pavement markings and
install permanent pavement markings within 48 hours. Only under extreme circumstances and at
the approval of the Engineer, will the duration of the temporary pavement markings be extended.
Under no circumstance should the temporary pavement markings be in place for more than 2
weeks. If permanent markings cannot be installed within the specified time then semi—
permanent markings shall be installed following the guide lines as set forth in the latest edition of
the Manual on Uniform Traffic Control Devices (MUTCD) Part VI, Sections F6 and G6. The
temporary removable markings shall be removed prior to installation of the permanent markings.
In situations where markings conflict with the traffic routing, such as a lane closure or a lane
diversion, conflicting markings shall be removed prior to application of the next set of markings.

242.3. Striping Applicability Chart.

Roadway Surface Permanent Marking Temporary Marking
New asphalt Thermoplastic Temporary Tape (I or II)
Old asphalt Aggressive bond Temporary Tape (I or II)
thermoplastic
Slurry or microsurface Thermoplastic Temporary Tape (I or II)
Milled concrete or asphalt Not applicable Paint
Asphalt to be milled Not applicable Paint
Base asphalt Not applicable Paint, Temporary Tape (Type
10)
New or old concrete Aggressive bond thermo, Paint
Epoxy
Diamond ground Epoxy Paint

Note: Old asphalt is asphalt which is more than 6 months old, or which has been open to traffic.

242.4. Symbol Applicability Charts.
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Roadway Surface Symbols Temporary Symbols

New asphalt Pre-formed thermoplastic, Temporary Tape (I or II), paint
thermoplastic

Old asphalt Pre-formed thermoplastic Temporary Tape (I or II), paint
thermoplastic

Slurry or microsurface Thermoplastic Temporary Tape (I or II), paint

Milled concrete or asphalt Not applicable Paint

Asphalt to be milled Not applicable Paint

Base asphalt Not applicable Paint

New or old concrete

Aggressive bond thermo,
inlaid cold plastic

Temporary Tape (I or II), paint

Diamond ground concrete

Inlaid cold plastic

Temporary Tape (I or II),paint

242.5. Materials

a. Pre—Mix Glass Spheres. Pre—mix glass spheres shall be uncoated and conform to

AASHTO M247 Type 1. The glass spheres used in the formulation shall be lustrous, free
from film, scratches, and pits. The glass spheres shall also meet the following

requirements:

1. Roundness. The roundness of the spheres shall be minimum of 70% when
tested in accordance with ASTM D1155.

2. Gradation. The gradation when tested in accordance with the method
provided in ASTM D1214 shall be:

Size of Sieve % Passing (by weight)
No. 18 80-100
No. 50 20-50
No. 80 0-10
3. Refractive Index. When tested by a liquid immersion method at 77°F, the

refractive index of the spheres shall be a minimum of 1.50.

b. Drop—On Glass Spheres. The spheres shall be manufactured from glass of a

composition designed to be highly resistant to traffic wear and to the effects of
weathering. The particles shall be spherical in shape, containing not more than thirty
percent (30%) of irregularly shaped particles. They shall be essentially free of sharp
angular particles, and particles showing milkiness or surface scoring or scratching. They

shall meet the requirements of AASHTO M247 Type 1.

1. Gradation. The gradation when tested in accordance with the method
provided in ASTM D1214 shall be:
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Size of Sieve % Passing (by Weight)

No. 20 100

No. 30 80-100

No. 50 18-35

No. 80 0-10

No. 100 0-2

2. Refractive Index. When tested by a liquid immersion method at 77°F, the

refractive index of the spheres shall be within the range of 1.50 to 1.60.

3. Moisture Proof Requirements. The spheres shall show no tendency to
absorb moisture in storage and shall remain free of clusters and hard lumps.
The spheres shall flow freely from dispensing equipment at any time when
surface and atmospheric conditions are satisfactory for application.

Thermoplastic Pavement Markings. This specification covers a white and yellow

thermoplastic reflectorized pavement marking material of a type that is applied to asphalt
road surfaces in a molten state by mechanical means to receive a surface application of
glass spheres, and which upon cooling to normal pavement temperature, produces an
adherent reflectorized stripe of specified thickness and width and is capable of resisting
deformation.

1. Characteristics. The material shall not exude fumes that are toxic,
obnoxious or injurious to person or property, when it is heated to the temperature
range specified by the manufacturer for application. It shall remain stable when
held for 4 hours at this temperature, or when subject to 3 reheatings after cooling
to ambient temperature. The temperature—viscosity characteristics of the plastic
material shall remain constant throughout repeated reheatings, and shall show like
characteristics from batch to batch. There shall be no obvious change in color of
the material either as a result of repeated reheatings or from batch to batch. The
thermoplastic material shall easily extrude from the equipment to produce a
cross—section of line 90 to 125 mil thick, which shall be continuous and uniform
in shape, and have clear and sharp dimensions.

2. Serviceability. The compound shall resist deterioration by contact with
sodium chloride, calcium chloride or other chemicals used to prevent roadway
ice, or because of the oil content of pavement materials or from oil droppings or
other effects of traffic. The markings shall remain intact under normal traffic
conditions at temperatures below 140°F.

3. Specific Gravity. The material’s specific gravity shall not be less than 1.8
nor exceed 2.3 referred to water at 77°F when determined by a water displacement
method at 77°F.

4. Set Time. When applied at the specified temperature and thickness, the
material shall set to bear traffic in not more than 2 minutes when the air
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temperature is S0°F and not more than 10 minutes when the air temperature is

90°F.

5. Composition. The thermoplastic pavement marking material shall be
homogeneously composed of pigment, filler, resin binder and glass reflectorizing
spheres. The solid resin shall be a “maleic—modified glycerol ester resin” (alkyd
binder) comprising at least one—third of the binder compositions and be no less
than eight (8) percent by weight of the entire material formulation. The alkyd
binder shall consist of a mixture of synthetic resins (at least one of which is solid
at room temperature), and high boiling point plasticizers. The material shall not
contain any petroleum derived ingredients. Yellow pigment shall be heat
stabilized encapsulated lead chromate. The thermoplastic pavement marking
material shall contain the following ingredients:

Percent by Weight
Ingredient White Yellow
Binder (See Note A below) 18.0 min 18.0 min
Titanium Dioxide 10.0 min
Glass Spheres 20-50 20-50
Lead Chromate 2.0-4.5
Inert Fillers 42 max 50 max

The material shall be thoroughly mixed and furnished in a free flowing granular
form. The material shall meet the requirements of this specification for a period
of one year. The material shall readily melt in a uniform mixture. The material
shall be free from all skins, dirt, and foreign objects. It shall be of such
composition that it will not bleed, stain or discolor when applied to bituminous
pavement. The manufacturer shall replace material not meeting the above
requirements.

6. Color. The color of the thermoplastic material after heating for 4 hours +
5 minutes at 425 + 3°F shall conform to the following when tested by Federal Test
Method Standard 141 Method 4252:

White: Federal Color Chip No. 37875 (Fed. Std. No. 595)
Yellow: Federal Color Chip No. 13538 (Fed. Std. No. 595)

7. Reflectance. The daylight luminous reflectance of the white material shall
be not less than 75% when tested according to ASTM E1347. The yellow shall
have a minimum brightness of 45% relative to magnesium oxide, and shall be
within the green and red tolerance of the "Standard Color Chips for Highway
Signs (January 1939)" obtainable from the United States Bureau of Public Roads,
Washington, D.C. (TT-P-115a).

8. Softening Point. After heating the thermoplastic material for 4 hours + 5
minutes at 425 + 3°F and testing in accordance with ASTM D36, the material
shall have a softening point 215 + 15°F.
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9. Flowability. After heating the thermoplastic material for 4 hours + 5
minutes at 425 + 3°F and testing for flowability, the white thermoplastic shall
have a maximum percent residue of 18 percent and the yellow thermoplastic shall
have a maximum residue of 21 percent.

After heating the thermoplastic material for 8.5 hours + 5 minutes at 425 + 3°F
and testing for flowability, the thermoplastic shall have a maximum percent
residue of 28 percent.

10. Indentation Resistance. Hardness shall be measured by a Shore
Durometer, Type A2, as described in ASTM D2240, except that the Durometer
and the panel shall be at 77°F, and a 4.4 1b load applied. After 15 seconds, the
reading shall be not less than 55.

11. Abrasion Resistance. The material shall not show a maximum loss of 0.02
ounces subjected to 200 revolutions on a Taber Abraser at 77°F, using H-22
calibrate wheels, weighted to 17.6 ounces. The wearing surface should be kept
wet with distilled water throughout the test. The panel for this test shall be
prepared by forming a representative lot of material at a thickness of 125 mil on a
4 inch square panel (thickness 0.050 + 0.001 inch) on which a suitable primer has
been previously applied.

12. Low Temperature Impact Resistance. The materials shall not fracture
when subjected to an impact of 64 inch pounds at —4°F for at least 3 hours. The
panel is then placed in an instrument also maintained at —4°F, consisting of a 10.5
pound freely falling weight controlled to drop vertically for 6 inches onto the
surface of the panel, which it strikes with a hemispherical indentor having a radius
of 0.28 inches.

13. Water Absorption. Materials shall have a maximum of 0.5 percent by
weight of retained water when tested by ASTM D570, procedure (A).

14. Yellowness Index. The white thermoplastic material shall not exceed a
yellowness index of 0.15.

15.  Flash Point. The thermoplastic material shall have a flash point not less
than 475°F when tested in accordance with ASTM D92.

16. Cracking Resistance. After heating the thermoplastic material for 4 hours
+ 5 minutes at 425 + 3°F; applying to concrete blocks, and cooling 15 + 3°F, the
material shall show no cracks. Properly applied, the material shall show less than
six stress cracks per ten lineal feet of markings independent of pavement
fracturing and faulting, for at least six months.

Aggressive Bond Thermoplastic Pavement Markings. This specification covers a

white and yellow adhesive thermoplastic reflectorized pavement marking material that is
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applied to road surfaces, including Portland Cement Concrete (PCC) and aged asphalt
without need of a primer/sealer. The material is applied to the road surface in a molten
state by mechanical means with surface application of glass beads. Upon cooling to
normal pavement temperature, it produces an adherent reflectorized stripe of specified
thickness and width with limited thermal/seasonal deformation. In order to qualify as a
non—sealer thermoplastic that can be applied to concrete surfaces without a sealer, the

material must meet or exceed the requirements listed below.

1. Characteristics. The thermoplastic material shall be homogeneously
composed of pigments, resins, polymers (adhesive constituent), glass
reflectorizing spheres and other fillers.

The thermoplastic material shall be available in a variety of surface delineation
colors from the same manufacturer. The manufacturer shall have the option of
formulating the material according to their own specifications. However, certain
physical and chemical requirements specified must be satisfied in order to qualify
as a non—primed striping application for PCC and aged asphalt surfaces.

The material shall not exude fumes which are toxic, or injurious to persons or

properties upon heating to application temperature.

2. Specific Gravity. The specific gravity of the white and yellow
thermoplastic pavement marking material shall not exceed 2.15.

3. Composition. The pigment, intermix reflectorizing spheres, and fillers
shall be uniformly dispersed in the resin and polymer upon heating to application
temperature. The material shall be free of dirt and foreign matter and must meet
or exceed the compositional requirements (percentage by weight) indicated
below. The total resin/binder content must be 22% min — 26% max (weight) of

total product ingredients.

Test Component White Yellow (Lead Yellow (Heavy Metal
Chromate) Free)

Glass Beads 30% min 30% min 30% min

Pigment- Ti02 10% min N/A N/A

Yellow (PbCr03) N/A 2% min N/A

Organic Yellow N/A N/A Federal Color

Resin/Binder Content | 22% min 22% min 22% min

Inert Fillers 42.0 max 50.0 max At manufacturer’s
discretion

4. Color. The thermoplastic material after heating for four hours £5 min. at

425 £3°F and cooled to 77 £3°F shall meet the following:

White: Daylight reflectance at 45 degrees — 0 degrees — 80% min.
Yellow: Daylight reflectance at 45 degrees — 0 degrees — 45% min.
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Yellow color shall match Federal Test Standard Number 5958 — Color 13538 and
lie within the following ranges:

X 0.485-0.510
Y 0.445-0.470

The chromaticities and luminance factors of ordinary colors of retroreflecting
material shall be determined under an angle of illumination of 45 degrees;
direction of view perpendicular to surface; and illumination CIE standard
illuminant D65.

5. Bond Strength. After heating the thermoplastic material for four hours £5
minutes at 425 £3°F, the bond strength to Portland Cement Concrete (PCC) shall
equal or exceed 275 psi (ASTM D4796 or ASTM C321). Failures of type
described in Section 6.1 of ASTM D4796 bond test, must be repeated to obtain a
quantifiable number. Failure of types 6.2, 6.3, and 6.4 of ASTM D4796

bond test, must exceed the specified thermoplastic — cement brick separation.

6. Low Temperatures Cracking (Stress) Resistance for Extended Period.

The material shall be tested according to AASHTO T 250 Section 7 with

Section 7.2.3. modified for an extended cold temperature of 15 +3°F exposure
period of 72 hours. Any cracking shall constitute failure of the material to qualify
as a non—sealer aggressive bonding material for PCC road surfaces.

7. Impact Resistance (Gardner Falling Weight). Perform the testing
procedure according to ASTM D5420 Section 11. Record and report the type of
failure as (a) crack or cracks on the surface, (b) cracks that penetrate the entire
thickness, (c) brittle shatter (the test specimen in several pieces after impact), or
(d) ductile failure (the specimen is penetrated by a blunt tear).

Both the yellow and white non—sealer materials shall have minimum impact
resistance of 80 inch pounds with no visible surface cracks.

8. Impact Resistance (Notched Izod). After heating the material for four
hours +5 minutes at 425 +3°F and forming test specimens according to AASHTO
T 250 Section 8, both the yellow and white samples shall be a minimum notched
impact resistance of 11.0 0.3 inch pounds. The specimens shall be tested both at
room temperature 73.4 £3°F and low temperature of 15 £3°F in accordance with
ASTM D256 test method A.

9. Oil and Grease Resistance. The thermoplastic material shall show no
signs of deterioration or solubility after motor oil is rubbed vigorously into a
sample for 2 minutes and allowed to penetrate for 5 minutes.

10. Set Time. When applied at a temperature range of 412.5 £12.5°F and
thickness of 90 to 125 mil the material shall set to bear traffic in not more than 2
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minutes when the air temperature is 50 £3°F and not more than ten minutes when
the air temperature is 90 £3°F.

11. Flash Point. The thermoplastic material shall have a flash point of not less
than 500°F when tested in accordance with ASTM D92 .

12. Storage Life. The material shall maintain the requirements of this
specification for a minimum period of one year. The thermoplastic material must
melt uniformly with no evidence of skins or unmelted particles for this one year
time period. Any material failing to do so shall be replaced by the manufacturer
at their expense.

13.  Packaging and Marking. The thermoplastic material shall be packaged in
suitable containers to which it will not adhere during shipment and storage. The
container of thermoplastic material shall weigh approximately 50 1b. Each
container shall designate user information, manufacturer’s name and address,
batch number and date of manufacture. Each batch manufactured shall have its
own separate number. The label shall carry appropriate user warnings and
instructions.

14. NTPEP Test Program. The material must have been applied, without
surface primer, on two NTPEP Decks (PCC) and evaluated for a period of at least
one year. A minimum of 90% of the original pavement striping must be intact on
the PCC decks after a one—year review period. The percent retention is calculated
based on the measured test area square footage (square meter) (neglecting mil
thickness wear down) minus the road surface areas that are exposed due to
cracking and chipping away of thermoplastic from the concrete surface caused by
product bond failure to the substrate.

Preformed Thermoplastic Pavement Markings. This specification is for the

furnishing of retroreflective preformed thermoplastic pavement marking materials that
can be adhered to asphalt, concrete and Portland cement concrete pavements by means of
heat fusion. The applied markings shall be very durable, oil and grease impervious and
provide immediate and continuing retroreflectivity.

1. Characteristics. The preformed marking material shall consist of a
resilient white and yellow polymer thermoplastic with uniformly distributed glass
beads throughout its entire cross section.

Preformed words and symbols shall conform to the applicable shapes and sizes as
prescribed in the latest revision of the Manual on Uniform Traffic Control
Devices.

The preformed markings shall be fusible to asphalt concrete and Portland cement
concrete pavements by means of the normal heat of a propane type of torch.
Adhesives, primers or sealers shall not be used prior to the preformed marking
application on asphalt concrete and Portland cement concrete pavements.
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The preformed markings shall conform to pavement contours, breaks and faults
through the action of traffic at normal pavement temperatures. The markings
shall have resealing characteristics and be capable of fusing to itself and
previously applied worn hydrocarbon and/or alkyd thermoplastic pavement
markings.

The preformed markings shall be capable of application on new, dense and open
graded asphalt concrete wearing courses during the paving operation in
accordance with the manufacturer’s instructions. After application, the markings
shall be immediately ready for traffic. The preformed markings shall be suitable
for use for one year after the date of receipt when stored in accordance with the
manufacturer’s recommendations.

The preformed markings shall be capable of application on new, dense and open
graded asphalt concrete wearing courses during the paving operation in
accordance with the manufacturer’s instructions. After application, the markings
shall be immediately ready for traffic. The preformed markings shall be suitable
for use for one year after the date of receipt when stored in accordance with the
manufacturer’s recommendations.

The preformed thermoplastic markings shall not be brittle and must be
sufficiently cohesive and flexible at temperatures exceeding SO°F for one person
to carry without the danger of fracturing the material prior to application.

2. Composition. The retroreflective pliant polymer thermoplastic pavement
markings shall consist of a homogeneous mixture of high quality polymeric
thermoplastic binders, pigments, fillers and glass beads. The thermoplastic
material must conform to AASHTO designation M 249 with the exception of the
relevant differences due to the material being supplied in a preformed state.

3. Glass Beads. The markings shall contain 30% glass spheres which shall
conform to AASHTO M 247 Type 1, except that glass spheres shall have a
minimum of 70% true spheres on each sieve and 80% true spheres overall. The
glass beads must be homogeneously blended throughout the material with a
securely bonded protruding exposed layer of beads that provide immediate and
continuous retroreflectivity; no additional glass beads shall be dropped on the
material during application. Curved arrows must be available without protruding
glass beads if reversibility is needed.

4. Retroreflectivity. The preformed marking shall upon application exhibit
uniform adequate nighttime retroreflectivity. At 86 degree 30 minutes incidence
angle and 1 degree 30 minutes divergence angle, the markings shall have average
minimum intensities of 350 millicandelas for white and 175 millicandelas for
yellow as measured with a Mirolux retroreflectometer. Using a Taber Abraser
with an H-18 wheel and a 4.4 ounce load, the sample shall be inspected at 200
cycles, under a microscope, to observe the extent and type of bead failure. No
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more that 15% of the beads shall be lost due to popout and the predominant mode
of failure shall be “wear down” of the beads.

5. Color Characteristics. The thermoplastic material without glass beads
shall meet the following:

White: Daylight reflectance at 45—degree/ 0 degree of 80% minimum
Yellow: Daylight reflectance at 45—degree/ 0 degree of 45% minimum.

The daylight reflectance shall not change significantly when the preformed
thermoplastic is properly applied to the roadway surface. For highway use, the
white markings shall contain a minimum of 8% by weight of Titanium Dioxide
pigment to ensure a color similar to Federal Highway White, Color No. 17886
Standard 595. Yellow color shall reasonably match color chip Number 13538 of
Federal Standard number 595 and be lead free.

6. Skid Resistance. The surface of the preformed thermoplastic markings
shall provide a minimum skid resistance value of 45 BPN when tested according
to ASTM E303.

7. Thickness. The width of the supplied material shall have a minimum
average thickness of 90 mils.

8. Flexibility. The preformed thermoplastic marking material shall have
flexibility at S0°F such that no cracking occurs in the test sample when a 1 inch by
6 inches sample is bent through an arc of 90 degrees at a uniform rate in 10
seconds (9 seconds per degree) over a one inch mandrel. The sample must be
conditioned prior to testing at 50 £+ 2°F for a minimum of four hours. At least two
specimens tested must meet the flexibility requirements at 50°F for a passing
result.

9. Environmental Resistance. The applied markings shall be resistant to
deterioration due to exposure to sunlight, water, oil, diesel fuels, gasoline,
pavement oil content, salt and adverse weather conditions.

10. Effective Performance Life. When properly applied, in accordance with
the manufacturer’s instructions, the pavement markings shall be neat and durable.
The markings shall remain retroreflective and show no fading, lifting, shrinkage,
tearing, roll back or other signs of poor adhesion.

Cold Plastic Pavement Markings. This specification covers a white and yellow

pre—formed cold plastic reflectorized pavement marking material of a type that is applied
to a road surface by an inlaid, pre—coated pressure sensitive adhesive that produces an
adherent reflectorized stripe of specified thickness and width and is capable of resisting
deformation.
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1. Characteristics. The material shall be manufactured without the use of
lead—chromate pigments or other, similar, lead—containing chemicals. Glass
beads shall be incorporated to provide immediate and continuing retroreflection.
Ceramic skid particles shall be bonded to the top layer to provide a skid-resistant
surface.

Preformed word and symbol markings shall conform to the applicable shapes and
sizes as outlined in the Manual on Uniform Traffic Control Devices. The
preformed markings shall be capable of being adhered to pavements by an inlaid,
pre—coated pressure sensitive adhesive. A surface preparation adhesive may be
used to precondition the inlay pavement surface.

The preformed marking film shall mold itself to pavement contours by the action
of traffic. Following proper inlay application and tamping, the markings shall be
immediately ready for traffic.

2. Composition. The retroreflective pavement marking film shall consist of a
mixture of high quality polymeric materials, pigments and glass beads distributed
throughout its base cross sectional area. A reflective layer of glass beads and a
layer of skid resistant ceramic particles shall be bonded to the top urethane
wearing surface. The urethane wear surface shall have a nominal thickness of
0.005 inches. The film shall have a pre-coated, shear resistant, pressure sensitive
adhesive.

3. Color. The daytime color of the white film shall provide a minimum
initial luminance factor, Y, of 80 and shall conform to the following chromaticity
requirements:

White Yellow
X Values Y Values X Values Y Values
0.290 0.315 0.474 0.455
0.310 0.295 0.491 0.435
0.330 0.360 0.512 0.486
0.350 0.340 0.536 0.463

The daytime color of the yellow film shall provide an initial luminance factor, Y,
in a range of 36 to 59 and shall conform to the above chromaticity requirements:

Measurements shall be made in accordance with ASTM E1349, using illuminant
“C” and 0/45 (45/0) geometry. Calculations shall be in accordance with ASTM
E308 for the 2—degree observer.

4, Reflectance. The white and yellow films shall have the following initial
minimum reflectance values as measured in accordance with the testing
procedures of ASTM D4061. The photometric quantity to be measured shall be
coefficient of retroreflected luminance (RL) and shall be expressed as
millicandelas per square foot per foot—candle.
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White Yellow
Entrance 86.0° 86.0° 86.5° 86.0° 86.0° 86.5°
Angle
Observation 0.2° 0.5° 1.0° 0.2° 0.5° 1.0°
Angle
Retroreflected | 700 500 400 410 250 175
Luminance Ry
(mcd—ft—2—fc—
D

5. Skid Resistance. The surface of the retroreflective films shall provide an
initial minimum skid resistance value of 55 BPN as measured by the British
Portable Skid Tester in accordance with ASTM E303.

The surface of the retroreflective film shall retain an average skid resistance value
of 45 BPN, when tested in accordance with ASTM E303, for a period of one year
when installed in non—snow removal areas. The 45 BPN minimum value shall be
an average of several readings taken in both the wheel track and non—wheel track
areas.

6. Tensile Strength and Elongation. The film shall have a minimum tensile
strength of 150 1bs. per square inch of cross—section when measured in the
direction of the length of the roll and tested in accordance to ASTM D638, except
that a sample 6 inch x 1 inch shall be tested at a temperature between 70°F and
80°F using a jaw speed of 10 to 12 inches per minute. The sample shall have a
maximum elongation of 50% at break when tested by this method.

7. Reflectivity Retention. The glass beads must be strongly bonded and not
be easily removed by traffic wear. Using a Taber Abraser with an H-18 wheel
and a 4.4 ounce load, the sample shall be inspected at 200 cycles, under a
microscope, to observe the extent and type of bead failure. No more that 15% of
the beads shall be lost due to popout and the predominant mode of failure shall be
“wear down” of the beads.

8. Glass Beads. The size, quality and refractive index of the glass beads
shall be such that the performance requirements for the markings shall be met.
The bead adhesion shall be such that beads are not easily removed when the
material surface is scratched.

The film shall have glass bead retention qualities such that when a 2 inches by 6
inches sample is bent over a 1/2 inch diameter mandrel, with the 2 inch dimension
perpendicular to the mandrel axis, microscopic examination of the area on the
mandrel shall show no more than 10% of the beads with entrapment by the binder
of less than 40%.
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9. Thickness. The film, without adhesive, shall have a minimum thickness of
60 mil.

Lead—Free, Water—Borne Emulsion Based White and Yellow Traffic Paint. The

pavement marking paint shall be a rapid dry. The traffic paint shall provide optimum
adhesion for glass spheres when both binder and glass spheres are applied in the
recommended quantities.

1. Drying Time. When applied at a wet film thickness of 15 mils with a top
dressing of 6-10 pounds of glass spheres per gallon of paint and when the
pavement temperature is between S0°F and 120°F and the relative humidity
doesn't exceed 80%, the binder shall dry to a no—tracking condition in a minimum
of 20 seconds and a maximum of 60 seconds. These dry times shall not be
exceeded when the paint is applied with specialized equipment so as to have the
pigmented binder at a temperature of 150°F to 170°F at the spray gun.

The no—tracking condition shall be determined by passing over the applied line in
a simulated passing maneuver with a passenger car traveling 35 MPH. There
shall be no visual deposition of the paint to the pavement surface when viewed
from a distance of 50 feet. Furthermore, the pigmented binder, without glass
spheres, shall dry to no—tracking condition in 180 seconds or less when tested in
accordance with ASTM D711.

2. Directional Reflectance. The daylight directional reflectance of white
pigmented binder (without glass spheres) shall be not less than 85% relative to
magnesium oxide when tested in accordance with Federal Test Method Standard
No. 141a, Method 6121. If yellow, after drying shall suitably match color 33538
of Federal Standard 595.

The paint for the pavement markings shall contain no lead and/or chromium and shall
have volatile organic content conforming to the latest Environmental Protection Agency
regulation.

The paint shall show no cracking, flaking, blistering, appreciable loss of adhesion,
softening, coagulation, discoloration, and have a minimum bleeding ratio of 0.97 when
tested in accordance with Federal Specification TT-P-1952B.

The paint shall be capable of dilution with water at all levels without curdling or
precipitation such that the wet paint can be readily cleaned up with water only.

h.

The minimum contrast ratio shall be 0.96 when drawing down with a 0.005 bird
film applicator on a 2A Leneta Chart or equal and air—dried for 24 hours.
Contrast Ratio = Black/White.

Temporary Tape. This specification covers pavement marking tape of two colors,

white and yellow, and of two types, Type I and Type II:
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Type I-Regular (This type is not required to be easily removable intact.)

Type II-Removable (This type is to be readily removable intact, either manually or with
a roll-up device after having been in place through the construction season.)

1. General. This material shall be a pavement striping tape designed to
provide reflective delineation under both dry and moderate rainfall conditions.
The tape shall consist of glass spheres tightly embedded to a binder; on a
conformable backing pre-coated with a pressure sensitive adhesive. The striping
material shall be thin, flexible, formable and following application shall remain
conformed to the texture of the pavement surface. The tape shall be furnished in
the color and type designated on the Plans or in the Contract. The markings shall
be pre-coated with a pressure sensitive adhesive and shall be capable of being
adhered to asphalt concrete or Portland cement concrete in accordance with
manufacturer's instructions without the use of heat, solvents or other additional
adhesive means, and shall be immediately ready for traffic after application. The
adhesive shall not require a liner or release paper. The striping material shall
have a uniform appearance, free from cracks and the edges shall be true, straight
and unbroken. The material shall be weather resistant and show no appreciable
fading, lifting or shrinkage when applied in accordance with the manufacturer's
recommendations.

2. Color and Daylight Reflectance. The daylight reflectance (ASTM E1347)
of white shall be not less than 70%. The color of yellow shall be within the red
and green tolerance limits of the Highway Yellow Color Tolerance Chart issued
by the U.S. Department of Transportation.

3. Dimensions. The width and length shall be as shown on the Plans or in
the Contract. The material shall be available in rolls and there shall be no more
than three splices per 50 yards of length.

4. Packaging. The material shall be packaged in accordance with accepted
commercial standards and when stored under normal conditions, shall be suitable
for use for a period of at least one year after purchase.

5. Adhesion. The material shall adhere to asphalt and concrete surfaces
when applied according to manufacturer's recommendations at surface
temperatures above 50°F and shall be immediately ready for traffic following
application.

6. Removability. Type II tape shall be removable from asphalt and Portland
cement concrete intact or in large pieces, either manually or with a roll-up device,
at temperatures above 40°F without use of heat, solvents, grinding or blasting.

7. Reflection. The white and yellow material shall be retroreflective,

reflecting white or yellow respectively and shall be readily visible at night when
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viewed with automobile headlamps using high beams from a distance of at least
300 feet.

8. Durability. Type II material shall maintain adhesion, show no
alligatoring, show no signs of pulling apart, and shall suffer no more than a 25%
loss of beads, sand and grit when subjected to 30,000 revolutions on a small—
wheel circular track as described in ASTM E660, with the following variations or
exceptions:

1. Two opposite wheels mounted with Goodyear 3.40-5 NHS
Industrial Rib tires shall be used with a total load of 51.5 pounds on each
tire. Tire air pressure shall be maintained at 25 psi. The wheels shall be
mounted perpendicular to the specimens and toed out 2° to produce a
slight abrading action.

il. Specimens shall be applied to 6 inch diameter dense graded
bituminous concrete surface which has been compacted at 3000 psi for
two minutes. After application, the specimens shall be allowed to cure at
least 16 hours before beginning the test.

1. Epoxy. This specification is for the application of epoxy resin and glass beads as
reflective pavement markings on Portland cement concrete or bituminous pavements.
The epoxy resin material shall be toxic heavy metal free, two—component, 100% solids,
and shall be formulated and tested to perform as a pavement marking material with glass
spheres applied to the surface. The two components are an epoxy resin and an amine
curing agent. The Contractor shall provide complete manufacturer’s specifications and
material safety data sheets to the Engineer for all material furnished.

1. Characteristics. The material shall not exude toxic fumes when heated to
application temperature. The material which, when mixed in the proper ratio and
applied at 14 mil wet film thickness at 74.8°F with the proper saturation of glass
beads, has a no—tracking time of less than 40 minutes for slow curing material and
less than 10 minutes for rapid curing material. The material shall be capable of
fully curing under a constant surface temperature of 32°F or above.

2. Properties of Cured Material.

1. Color. Provide white which complies with Federal Standard 595
17875. Provide yellow which matches the standard shade within the red
and green tolerance limits when compared with the Highway Yellow
Color Tolerance chart available from the U.S. Department of
Transportation (Federal Standard 595 13538).

1. Abrasion Resistance. 0.0028 ounces maximum loss when tested at
30 + 1.5 mils and a 72 hour cure and with a CS—17 wheel under a load of
2.2 1bs. for 1000 cycles.
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iii. Hardness. Shore D hardness of 75 minimum.

iv. Adhesion to Concrete. When catalyzed, has such a high degree of
adhesion to the specified concrete surface that there is a 100% concrete
failure. Apply the material at a film thickness of 15 + 1.5 mils to concrete
with a minimum compressive strength of 4,000 psi. Allow the material to
cure for 72 hours at 77°F before the test is performed.

v. Yellowness Index. White only. Value after 72 hours in QUV — 30
maximum when tested at 15 £ 1.0 mils and a 72 hour cure.

vi. Field Evaluation. Field test materials at AASHTO NTPEP
regional test facilities, which include both hot and cold weather conditions
and are a minimum of six months in duration.

Glass Beads For Drop—On Application (double drop system):

1. For the first drop, furnish large beads, which are compatible with
the epoxy system, and comply with AASHTO M 247 except with the
following gradation (FP-96, Type 4):

Sieve Size Percent Passing

No. 10 100

No. 12 95-100

No. 14 80-95

No. 16 10-40

No. 18 0-5

No. 20 0-2

il. For the second drop, furnish regular beads which are specifically

manufactured to be compatible with the epoxy system, and which comply
with the requirements of AASHTO M247, Type 1.

iii. Both types of beads are to be coated with a moisture resistant
coating and an adhesion promoting coating which is compatible with the
€poxy system.

Test Methods.

a. Adhesion to Concrete ACI 503, Appendix A.1.

b. Hardness ASTM D2240.

C. Abrasion Resistance ASTM C501.
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242.6. Method of Installation. The proposed permanent markings shall be laid out by the
Contractor in advance of the marking installation. Markings shall not be applied until the layout
and conditions of the surface have been approved by the Engineer. If a paint line is used for
layout purposes (in lieu of a chalk line or string line) the paint line shall not be wider than 1/2
inch in width. If wider, the paint shall be removed following the application of the final
permanent marking. New markings shall match existing markings as applicable in areas abutting
existing road surfaces. The surface shall be dry and all dust, debris, oil, grease, dirt, temporary
markings and other foreign matter shall be removed from the road surface prior to the application
of the permanent marking material.

The Contractor shall be responsible for keeping traffic off freshly applied markings until
they have set sufficiently to bear traffic. Traffic control is the responsibility of the Contractor
and shall conform to the MUTCD. Failure to comply with traffic control guidelines will result in
the Pavement Marking Contractor being directed to stop operations and leave the site until
proper and approved traffic control has arrived and put in place on site.

Temporary pavement markings shall be installed the same day that the existing pavement
markings are damaged, removed or covered up prior to lane opening. Temporary pavement
markings shall be installed using the same cycle length as the permanent markings and be at least
2 feet long. Double yellow markings shall be used for temporary centerline and single white
markings shall be used for temporary lane lines on four lane roadways. Single yellow markings
shall be used for temporary centerline on two lane roadways as directed by the Engineer.

Half—cycle lengths with a minimum of 2 foot stripe and 10 foot gap should be used on
roadways with severe curvature.

a. Glass Spheres. The drop on glass beads shall be applied at a rate of eight to ten
pounds per 100 square feet.

b. Thermoplastic Pavement Markings. Thermoplastic material shall readily apply to
the pavement at temperatures of 400 — 425°F from approved equipment to produce an
extruded line that shall be continuous and uniform in shape having clear and sharp
dimensions. Application temperatures shall not exceed 450°F.

Thermoplastic may be used for cross walks and stop bars as specified under the
conditions described herein. The thermoplastic markings shall be applied to the
pavement surface in a molten state by mechanical means with surface application of glass
spheres, and upon cooling to normal pavement temperature, produce an adherent retro—
reflectorized stripe of specified thickness and width and capable of resisting deformation.

1. Equipment. The equipment used to install the thermoplastic shall be as
follows:
1. A self-propelled machine is required in order to fulfill the timing

needs of the marking installation for longitudinal lines.
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1. If thermoplastic is used for transverse lines, i.e., crosswalks and
stop lines, a push cart shall be used according to the following
requirements:

Only one pass with the thermoplastic pavement marking
equipment shall be allowed in order to provide the required line width
according to the plans. Multiple passes of narrower lines with overlaps to
provide the required width shall not be allowed unless otherwise approved
by the inspector after review of a test strip installation. If approved, the
Contractor shall be required to heat the seam with a torch and feather the
overlapped material with a putty knife. Liquid thermoplastic shall not be
used for word or symbol markings.

iii. Constructed to provide mixing and agitation of the materials.
Conveying parts between the main material reservoir and the shaping die
shall be constructed as to prevent accumulation and clogging.

iv. Constructed so that mixing and conveying parts up to and
including the shaping die will maintain the materials at a temperature not
less than 400 — 450°F. To assure that the material does not fall below the
minimum temperature, the shaping die shall be heated by means of a gas—
fired infrared heater or a heated, oil- jacketed system.

v. Constructed as to ensure continuous uniformity in the dimensions
of the stripe. The applicator shall provide a means for cleanly cutting off
square stripe ends and shall provide a method of applying “skip” lines.
The equipment shall be constructed to be able to provide for varying die
widths and to produce varying widths of traffic markings. The use of
pans, aprons, or similar appliances with die overruns will not be permitted.

vi. All conditions apply as stated above for material temperatures, line
definition and workmanship when a hand pushcart is used for cross walks.
The Inspector will verify measurement.

vii.  Equipped with a special kettle for melting and heating the material
shall be provided. The kettle shall be equipped with a thermostat so that
heating can be done by controlled heat transfer liquid rather than by direct
flame so as to provide positive temperature control and prevent
overheating of the material.

viii.  Constructed for a nominal application of 90 — 125 mil thickness.
iX. The heater and applicator shall be so equipped and arranged as to
meet the requirements of the National Board of Fire Underwriters of the

National Fire Protection Association, of the state, and of the local
authorities.
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X. Equipped with an automatic glass bead dispenser attached to the
striping machine in such a manner that the beads are dispensed almost
instantaneously upon the installed line. The glass bead dispenser shall be
equipped with an automatic cut—off control synchronized with the cut—off
of the thermoplastic material.

xi. The equipment shall be arranged as to permit preheating of the
pavement immediately prior to application of the thermoplastic material, if
preheating is recommended by the thermoplastic manufacturer.

xii.  The applicator shall be capable of containing a minimum of 1000
pounds of molten material (not applicable for hand-liner use).

xiii.  The applicator shall be mobile and maneuverable to the extent that
straight lines can be followed and normal curves can be made in a true arc.

xiv.  The Contractor’s striper shall be equipped with electrical foot
counters. The counters shall individually tabulate the length of line
applied by each gun whether solid or dashed. The Contractor shall
determine the accuracy of the foot counters and establish an adjustment
factor as required to determine the pay item quantities. The foot counters
shall be periodically checked to assure accurate measurements. No
thermoplastic shall be applied without the accurate operation of the foot
counters. The Contractor shall provide the Engineer with a certified
document on these calibrations.

Application Over Existing Markings.

1. Existing thermoplastic markings on asphalt road surfaces may be
over laid with thermoplastic material providing that the existing markings
(thermoplastic) are less than 30 mils thick, and are securely bonded to the
substrate. If the thermoplastic is greater than 30 mils, or not securely
bonded to the substrate, then it shall be ground to 30 mils, or removed
completely if not securely bonded to the road.

il. Existing solvent based paint on asphalt road surfaces may be over
laid with thermoplastic provided that more than 75% of the road surface is
exposed, and there is no more than a single coat of paint on the remaining
unexposed area. If more than one layer of paint exists, the paint is not
securely anchored to the substrate, or there is less than 75% of the road
surface exposed, then the paint must be thoroughly removed.

1il. All existing polyester, epoxy, or other type pavement marking

paints on asphalt or concrete road surfaces must be completely removed
from all road surfaces prior to the installation of thermoplastic material.
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3. Application Temperatures. To ensure optimum adhesion, the pavement
and ambient air temperature shall be 50°F and rising. The thermoplastic material
shall be applied in a melted state at a temperature of 400 — 425°F. The
temperature of the material within the shaping dies shall be maintained at the
manufacturer’s recommendations for application temperatures, but in no case
shall the temperature fall below 400°F or exceed 450°F.

Where manufacturer’s application temperatures differ from those as
specified, the manufacturer’s temperatures shall apply upon approval of the
Engineer.

4. Line Quality. The finished lines shall have well defined edges and be free
of waviness. Pavement marking lines shall be straight or of uniform curvature and
shall conform with the tangents, curves, and transitions as specified in the
pavement marking standards and/or as directed by the Inspector.

5. Line Thickness. The minimum thickness of the lines as viewed from a
lateral cross section shall be not less than 90 mil near the edges, or less than 125
mil at the center. Drop—on glass beads shall not be included in the measurement,
or if so, then appropriate allowances shall be made for the added mil thickness. A
device for gauging the installed material thickness shall be furnished to the
Engineer as requested for use on the project. The gauge shall be easy to read and
shall readily indicate excessive variations.

6. Clean Up. The Contractor shall be responsible for removing all pavement
markings material spilled upon the roadway surface or adjoining area. The
Contractor shall use methods acceptable to the Engineer for removing the spilled
material.

7. Line Repair. Any pavement marking which is crossed by a vehicle and
tracked shall be replaced and any subsequent marking made by the vehicle shall
be removed by methods acceptable to the Engineer at no additional cost to the
City.

Preformed Thermoplastic Pavement Markings. The markings shall be applied in

accordance with the manufacturer’s recommendations on clean and dry surfaces.

1. Asphalt. The materials shall be applied using the propane torch method
recommended by the manufacturer. The material must be able to be applied at
ambient and road temperatures down to 32°F without any preheating of the
pavement to a specific temperature. The pavement shall be clean, dry and free of
debris and oil or grease residue.

1. At temperatures below 50°F, the preformed thermoplastic

pavement markings shall be kept as warm as possible to maintain
flexibility.
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2.

ii. Remove pavement surface moisture by holding a propane torch
approximately 6 inches above the section of asphalt using a continuous
circular motion.

1ii. Heat the pavement with the torch upon placing the material to a
temperature of 200°F for 90 mil, and up to 300°F for 125 mil materials.

iv. Immediately after the road surface has been properly preheated,
position the material with exposed bead side up and heat.

V. Position the torch approximately 12 inches over the marking so the
flame is extended and heat is evenly applied moving the torch in a circular
motion across the marking. When the correct temperature of the marking
has been reached, it will turn slightly darker or pale yellow if the material
is white. Over heated or burned material shall be removed.

vi. After the entire material section has been heated and bonded to the
pavement, re-heat the perimeter of the marking and the road surface to
bond the edges.

vii.  If installing reversible arrows, which do not contain a top coating
of glass beads, the glass spheres shall be hand applied on the molten
material.

viii.  Feather the leading edge of the pavement marking with a putty
knife or bevel with the torch. Leading edges are any edge that would be
susceptible to snow plow blades approaching from the direction of normal
travel.

iX. After cooling, use a putty knife to attempt to remove a portion of
the material. The material shall not pry off without asphalt embedded to

the underside.

Concrete. New concrete surfaces must be sandblasted to entirely remove

curing compound. The same application procedure shall be used as described for
asphalt pavements. However, a compatible primer sealer may be applied before
application to assure proper adhesion.

3.

Chip Seal Surfaces. The same application procedure shall be used as

described for asphalt pavements. However, exposed aggregate should be
removed where the preformed thermoplastic pavement marking is to be applied.

Cold Plastic Pavement Markings. The Contractor shall furnish and install white

and yellow permanent retro-reflectorized cold preformed plastic pavement marking
material at the location shown on the plans, in conformance with the details and material
specifications included herein.
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The cold plastic markings shall consist of a homogeneous, extruded, prefabricated
material of specified thickness and width which shall contain reflective glass spheres
uniformly distributed throughout the cross section, and shall be applied only to concrete
pavement surfaces by means of an approved inlaid grinding process with pre—coated
adhesive and pressure.

1. Contractor’s Personnel. It is important that the Contractor’s personnel be
completely knowledgeable of all application requirements and procedures prior to
product application. It is the responsibility of the Contractor to contact the
supplier of the cold plastic material if questions regarding application procedures
or conditions arise.

2. Procedure. This procedure explains how to apply tape to concrete surfaces
only. Apply the tape according to manufacturer’s instruction in conjunction with
an approved inlaid grinding method.

3. Road Conditions. It is recommended that the tape be installed as soon as
practical following tape manufacturer instructions.

i. Cold plastic pavement markings shall be inlaid by an approved
grooving process into concrete pavement surfaces. Cold plastic will not
be allowed on asphalt pavement surfaces whether inlaid into hot asphalt or
existing asphalt surfaces. Grooving the pavement surface allows
preformed pavement marking tape to better adhere by creating a fresh
surface. Grooving also produces a lower profile marking by embedding
the tape into the pavement surface, which helps protect the tape from
snowplow damage.

ii. The cutting head shall consist of diamond tipped cutting blades
“gang stacked” 0.25 inches to 0.50 inches wide. The spacers between
each blade must be such that there is less than a 10 mil raise in the finished
groove between the blades. Water—cooling the blades may be necessary
for long line grooving.

1ii. The groove width shall be equal to the tape width plus 1 inch £1/8
inch. The depth of the groove shall be 75% of the tape thickness + 15%.
For series 420, 60 mil tapes, the groove shall be 45 mils + 10 mils or 0.05
inch £ 0.01 inch. The bottom of the groove should have a smooth, flat
surface. If a coarse tooth pattern is present, increase the number of blades
and decrease the thickness of the spacers between the blades on the cutting
head. If water—cooling is used, flush the groove immediately after
grooving to clean the surface.

iv. Clean the surface of the road and the groove using a broom and/or
high—pressure air blower. If either of these methods fail to clean the road
surface, then high—pressure water wash shall be used. Road surface,
including the surface of the groove must be dry and all dust, dirt, debris,
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oil, grease and foreign material removed before applying tape. If using
water—cooling to groove, the groove must be completely dry prior to tape
application.

4. Tape Application. If there is a crack in the pavement, or if the tape is to
be applied over a bridge expansion joint, manhole or utility box, lay the tape over
the crack joint or fitting, then cut the tape 1 inch away from the crack or joint on
each side. Apply the required surface preparation adhesive and allow to dry
completely (5—10 minutes at 70°F, but not over 30 minutes).

5. Tamping. Tamp the tape thoroughly with a tamping cart with a minimum
200 pound load, three times back and forth (six passes) over each part of the tape.
Start in the center of the marking and work out to the edges removing any trapped
air.

6. Do not twist or turn the tamper cart on the tape.

7. Make six passes (three passes back and forth) over each part of the tape
(tamping is very important).

8. Make sure all edges are firmly adhered.

9. Application Conditions.
1. Air temperature 60°F and rising.
il. Surface temperature 70°F and rising.
1ii. Overnight air temperature 40°F the night before tape application.
1v. Pavement surface must be clean and dry. No rainfall should occur

within 24 hours prior to application.
v. Butt splices must be used; do not overlap tape ends.

vi. Traffic must be kept off of pavement surfaces coated with a
surface preparation adhesive prior to tape application (follow
manufacturer’s instruction regarding the use of surface preparation
adhesive).

10. Surface moisture. Cold preformed plastic tapes will not adhere if moisture
is present. Therefore, road surfaces must be dry and above the minimum required
temperature for application of all tapes. If rainfall occurs within 24 hours prior to
application, a surface moisture test (plastic wrap or roofing paper method as
approved by the Engineer) must be performed and approval obtained from the
Engineer. The groove must be visibly dry for a minimum of two hours prior to
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application. A moisture test shall be completed after the two—hour drying time to
ensure no presence of moisture.

Pavement Marking Paint. The Contractor shall furnish and install white and

yellow retro—reflectorized pavement marking paint material at the location shown on the
plans, in conformance with the details and material specifications included herein.

f.

1. The wet thickness and dry thickness of the pavement marking paint shall
not be less than 15 mils and 12 mils, respectively without glass beads.

2. Glass beads shall be applied uniformly over the entire length of line at the
rate of 6 to 10 Ibs. per gallon of paint.

3. The gun tip shall be oriented perpendicular to the centerline to ensure that
the beginning and ends of all lines are perpendicular to the centerline and not

skewed.

4. The equipment shall be maintained such that the needle can be fully closed
when shut as to ensure square cut lines at the beginning and ends.

Epoxy Pavement Marking. The Contractor shall furnish and install white and

yellow epoxy markings at the location shown on the plans, in conformance with the
details and material specifications included herein.

1. Equipment.

1. Use equipment that is capable of spraying both yellow and white
epoxy in the manufacturer's recommended proportions. Provide
equipment that call place stripes on the left and right sides, and place two
lines simultaneously with either line in a solid or intermittent pattern in
yellow or white. All guns must be in full view of operators at all times. If
words, symbols, crosswalks, cross—hatching and stop bars are to be of
epoxy resin material, equip the truck with a hand spray wand for such
application. Mount the equipment on a truck of sufficient size and
stability, and with an adequate power source, to produce lines of uniform
dimension and prevent application failure. Provide equipment with
metering devices to register the accumulated volume dispensed for each
material, each day. Additionally, provide individual pressure gauges,
clearly visible to the operator, for each pump used.

ii. Provide equipment with two glass bead dispensers (double drop
system) that uniformly distributes the glass beads to the surface of the
epoxy pavement marking at a rate of at least 25 pounds per gallon. Glass
beads may be applied by a pressure gun or controlled free fall.

2. Surface Preparation:
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1. On existing pavements, remove the existing pavement markings.
Remove the existing markings and prepare the surface according to the
manufacturer's recommendations (for the type of markings being
installed).

1i. On new Portland cement concrete pavement (PCCP), use shot
blasting to remove curing compounds and laitance from the surfaces to
which the pavement marking will be applied. Prepare the surfaces of new
concrete bridge decks the same as new PCCP.

1il. On all pavements, thoroughly remove all dirt, grit, grease, grime,
vegetable matter, residue of prior pavement marking application
(including such adhesives or primers that may have been used in their
application), and any other foreign matter from the roadway surface prior
to the application of epoxy pavement markings.

Alignment. All layout required in the construction of the pavement

marking is the responsibility of the Contractor. Lay out the pavement marking as
detailed on the Plans. When the Plans do not provide details, submit a layout plan
(conforming to the requirements of the Manual on Uniform Traffic Control
Devices (MUTCD)) for the pavement markings to the Engineer for approval.
Normally locate longitudinal pavement marking stripes 2 inches from existing
longitudinal joints. Provide adequate guide marks (approximately 2 inches by 6
inches at approximately 30 to 50 ft. intervals) for the application of the pavement
markings.

4.

Pavement Marking Application.

1. When no traffic is present, and for edgelines under any condition
of traffic, a slower curing epoxy material (40 minutes) may be used.
When the application is taking place under traffic, use a fast setting (10
minutes) epoxy material for center lines and skip lines.

il. Apply the epoxy material closely behind the cleaning procedure.

iii. Provide the Project Engineer with a copy of the manufacturer's
application instructions. Apply the epoxy pavement markings in
accordance with the manufacturer's recommendations. In the absence of
manufacturer's recommendations, apply the markings when the ambient
and pavement surface temperatures are 5S0°F and rising. Cease pavement
marking operations when the ambient or the pavement surface temperature
drops to 5S0°F.

iv. Before mixing the components of the pavement marking material,
heat the individual components to the temperature ranges recommended
by the manufacturer of the material. Avoid exceeding the maximum
recommended temperature at any time.
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v. Apply the epoxy pavement marking material at a thickness of 20
mils + 0.2 mils on asphalt and PCCP. Immediately apply the glass beads
to the epoxy pavement marking at the rate of 25 pounds per gallon of
epoxy, equally divided between the large and regular bead gradations.
Apply the large beads on the first drop, and the regular beads on the
second.

242.7. Method of Removal. Temporary pavement markings on milled surfaces
scheduled to be overlaid do not have to be removed prior to performing the overlay. Permanent
pavement markings installed on new asphalt surfaces shall be removed without structurally
damaging the pavement or scarring the surface. The method of pavement marking tape removal
shall be by a high pressure water blast method, a low pressure water and sand blast method, a
steel shot blast method, or burning method. Grinding or black paint covering shall not be
allowed on new pavement surfaces.

242 .8. Performance Measures

a. Thermoplastic and Aggressive Bond Thermoplastic Performance Measures.

1. Lack of Specified Thickness. The full unit price bid per foot shall be
withheld if lack of thickness is found more than three (3) times per 1 mile, or
project if less than 1 mile in length. Each line shall be checked a minimum of six
(6) times per 1 mile, or project if less than 1 mile in length.

2. Lack of Specified Width. Payment shall be made with penalty being equal
to 25% of the unit price bid per foot for each 1/4 inch of width lacking not to
exceed 100% of the unit price bid per foot for the length of the line less than
specified width. Penalty shall be imposed upon the first occurrence and every
occurrence thereafter.

3. Lack of Specified Length/Cycle. Payment shall be made with penalty
being equal to 25% of the unit price bid per foot for each 1 inch of length lacking
or exceeding the specified length for broken lane line and/or broken center line
not to exceed 100% of the unit price bid per foot for the length of the line less
than specified length. Penalty shall be imposed upon the first occurrence and
every occurrence thereafter.

4. Lack/Excess of Surface Beads or Improper Application. The full unit
price bid per foot shall be withheld for each lineal foot of material with
inappropriate application rate of the surface glass beads. The same penalty shall
apply if the beads are not evenly disbursed across and along a line or if the beads
imbed improperly. This penalty shall be imposed for each instance that the
Contractor fails to take corrective action after one warning by the Engineer.
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5. Bell Ends. The full unit price bid per foot shall be withheld for wide
“bell” ends greater in length than 2 inches. This penalty shall be for the full 6 feet
of a lane line or broken centerline or for no more than 6 feet of a long line.
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6. Lack of Adhesion. The full unit price bid per foot shall be withheld for 3

feet for each occurrence if found more than three (3) times per 1 mile, or project if
less than 1 mile in length.

7. Line Deviation. A line that in the judgment of the Engineer deviates from
the specified layout by an unreasonable amount shall be replaced. The Contractor
shall be responsible for removal of the deviated marking material/repair of the
pavement as designated by, and to the satisfaction of, the Engineer at no
additional compensation.

8. Pitted Line. The full unit price bid per foot shall be withheld for each pit
greater than 10 feet in length.

P ot e

9. Gaps in Line or Crumbly Edges. The full unit price bid per foot shall be
withheld for the entire length of the portion of any line receiving less than the
required amount of thermoplastic material. This penalty shall be imposed when
the Contractor fails to correct line quality after the first warning within 1 mile, or
project if less than 1 mile in length.
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10. Rough Line Surface. The full unit price bid per foot shall be withheld for
the entire length of the portion of any line with a rough or “burlap” surface.
Penalty shall be imposed upon the first occurrence and every occurrence
thereafter.

11. Excessive Dripping between Lines. The full unit price bid per foot shall
be penalized for the length of any dribbled open space between broken lines that
is not removed to the satisfaction of the Engineer before leaving the project site
that work day. Penalty shall be imposed upon the first occurrence and every
occurrence thereafter.

- -——— - +—
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12. Swollen Line of Excessive Width. The full unit price bid per foot shall be
penalized for swollen lines in excess of the specified width.

13. Smeared Line Edges. Fifty (50) percent of the unit price bid per foot shall
be penalized for each occurrence of a length greater than 15 feet.

!
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14.  Wavy Line. The full unit price bid per foot shall be withheld for the entire
length of waviness in a line caused by poor operation by the driver/operator of the
application equipment. Penalty shall be imposed from the first occurrence.

-
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15. Work Outside the Scope/Limits of Project: Payment for all pavement
marking work performed shall be withheld in full until the Contractor (a) removes
all pavement marking material placed outside the scope/limits of the project, and
(b) repairs the pavement surface as directed by and to the satisfaction of the
Engineer.

Preformed Thermoplastic Installation Performance Measures

1. Lack/Excess of Surface Beads or Improper Application. The full unit
price bid per foot shall be withheld for each lineal foot of material or per each for
symbol markings with inappropriate application rate of the surface glass beads.
The same penalty shall apply if the beads are not evenly disbursed across and
along a line or if the beads imbed improperly. This penalty shall be imposed for
each instance that the Contractor fails to take corrective action after one warning
by the Engineer.

2. Lack of Adhesion. The full unit price bid per foot or per each for symbol
markings shall be withheld for 3 feet for each occurrence if found more than three
(3) times per 1 mile, or project if less than 1 mile in length.

3. Line Deviation. A line that deviates from the specified layout by an
unreasonable amount shall be replaced. The Contractor shall be responsible for
removal of the deviated marking material/repair of the pavement as designated by,
and to the satisfaction of, the Engineer at no additional compensation.

5 mm (3/16”)

4. Wavy Line. The full unit price bid per foot shall be withheld for the entire
length of waviness in a line caused by poor workmanship and/or application
procedures. Penalty shall be imposed from the first occurrence.
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5. Gaps Between Successive Lines. Successively placed lines that contain
gaps as specified by an unreasonable amount shall be replaced. The Contractor
shall be responsible for removal of the deviated marking material/repair of the
pavement as designated by, and to the satisfaction of, the Engineer at no
additional compensation.

ol le 5> mm (3/16”)

6. Burned or Discolored Markings. Fifty (50) percent of the full unit price
bid per foot (meter) shall be withheld for each lineal foot of material or per each
for symbol markings which shows signs of burning or discoloration due to
prolonged application of the torch. This penalty shall be imposed for each
instance that the Contractor fails to take corrective action after one warning by the
Engineer.

7. Work Outside the Scope/Limits of Project. Payment for all pavement
marking work performed shall be withheld in full until the Contractor (a) removes
all pavement marking material placed outside the scope/limits of the project, and
(b) repairs the pavement surface as directed by and to the satisfaction of the
Engineer.

Cold Plastic Installation Performance Measures.

1. Lack of Adhesion. The full unit price bid per foot shall be withheld for 3
foot for each occurrence if found more than three (3) times per 1 mile, or project
if less than 1 mile in length.

2. Line Deviation. A line that in the judgment of the Engineer deviates from
the specified layout by an unreasonable amount shall be replaced. The Contractor
shall be responsible for removal of the deviated marking material/repair of the
pavement as designated by, and to the satisfaction of, the Engineer at no
additional compensation.
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3. Gaps Between Successive Lines. Successively placed lines that contain
gaps as specified by an unreasonable amount shall be replaced. The Contractor
shall be responsible for removal of the deviated marking material/repair of the
pavement as designated by, and to the satisfaction of, the Engineer at no
additional compensation.

—He— s (3/167)

4. Inlaid Groove Quality. The full unit price bid per foot shall be withheld
for the entire length of line that does not meet the requirements for depth of the
inlaid material or for a groove that displays a coarse tooth pattern bottom that is
not conducive to complete adhesion of the marking material. Penalty shall be
imposed from the first occurrence.

5. Wavy or Misaligned Line. The full unit price bid per foot shall be
withheld for the entire length of waviness caused by poor operation by the
driver/operator of the grooving/installation equipment or for any misalignment in
the material installed within the inlaid groove. Penalty shall be imposed from the
first occurrence.

6. Work Outside the Scope/Limits of Project. Payment for all pavement
marking work performed shall be withheld in full until the Contractor (a) removes
all pavement marking material placed outside the scope/limits of the project, and
(b) repairs the pavement surface as directed by and to the satisfaction of the
Engineer.

Pavement Marking Paint and Epoxy Installation Performance Measures.

1. Lack of Specified Thickness. The full unit price bid per foot shall be
withheld if lack of thickness is found more than three (3) times per 1 mile, or
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project if less than 1 mile in length. Each line shall be checked a minimum of six
(6) times per 1 mile, or project if less than 1 mile in length.

2. Lack of Specified Width. Payment shall be made with penalty being equal
to 25% of the unit price bid per foot for each 1/4 inch of width lacking not to
exceed 100% of the unit price bid per foot for the length of the line less than
specified width. Penalty shall be imposed upon the first occurrence and every
occurrence thereafter.

3. Lack of Specified Length/Cycle. Payment shall be made with penalty
being equal to 25% of the unit price bid per foot for each 1 inch of length lacking
or exceeding the specified length for broken lane line and/or broken center line
not to exceed 100% of the unit price bid per foot for the length of the line less
than specified length. Penalty shall be imposed upon the first occurrence and
every occurrence thereafter.

4. Lack/Excess of Surface Beads or Improper Application. The full unit
price bid per foot shall be withheld for each lineal foot of material with
inappropriate application rate of the surface glass beads. The same penalty shall
apply if the beads are not evenly disbursed across and along a line or if the beads
imbed improperly. This penalty shall be imposed for each instance that the
Contractor fails to take corrective action after one warning by the Engineer.

5. Pointed Ends. The full unit price bid per foot shall be withheld for pointed
ends. This penalty shall be for the full 6 feet of a lane line or broken centerline or
for no more than 6 feet of a long line.

] <—_>(>=|°

6. Skewed Ends. The full unit price bid per foot shall be withheld for
skewed ends. This penalty shall be for the full 6 feet of a lane line or broken
centerline or for no more than 6 feet of a long line.

N

7. Line Deviation. A line that in the judgment of the Engineer deviates from
the specified layout by an unreasonable amount shall be replaced. The Contractor
shall be responsible for removal of the deviated marking material/repair of the
pavement as designated by, and to the satisfaction of, the Engineer at no
additional compensation.

8. Excessive Dripping between Lines. The full unit price bid per foot shall
be penalized for the length of any dribbled open space between broken lines that
is not removed to the satisfaction of the Engineer before leaving the project site
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that work day. Penalty shall be imposed upon the first occurrence and every
occurrence thereafter.

9. Wavy Line. The full unit price bid per foot shall be withheld for the entire
length of waviness in a line caused by poor operation by the driver/operator of the
application equipment. Penalty shall be imposed from the first occurrence.

+—
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10. Non—Uniform Thickness. The line shall be uniform thickness across the
entire cross section of the line with well-defined edges. Heavy inner thickness
and thin edges or vice—versa will not be accepted. The full unit price bid per foot
shall be withheld for lines that are not of uniform thickness. Penalty shall be

imposed from the first occurrence.

e -1 OR

11. Work Outside the Scope/Limits of Project. Payment for all pavement
marking work performed shall be withheld in full until the Contractor (a) removes
all pavement marking material placed outside the scope/limits of the project, and
(b) repairs the pavement surface as directed by and to the satisfaction of the

Engineer.

242.9. Method of Measurement. Pavement Markings will be measured by one of the

following:

a.

Per linear foot of line. Skip lines are paid based upon length of marked section, 1

foot of a dual line is paid for at two unit feet bid.

b. Per each symbol.

242.10. Basis of Payment. Pavement Markings will be paid for by one of the
following:

a. Contract unit bid price
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b. Contract lump sum bid price

242.11. Measurement and Payments. This section governs the method of
measurement and the basis of payment for furnishing all labor, equipment, tools, and materials

and for the performance of all related work necessary to complete any construction covered in
Section 242.

242.12. General. Unless specifically altered by the Special Provisions, the
methods of measurement and payment shall be as specified in each section herein, and as listed
in the Proposal.

242.13. Measurement. The Engineer will measure the work for payment. The
method of measurement and computations used in determination of quantities of work performed
will be those methods generally recognized as conforming to good engineering practice.

242.14. Items Not Listed in the Proposal. There shall be no measurement or
separate payment for any item of work not specifically identified and listed in the Proposal and
all costs pertaining thereto shall be included in the Contract unit prices for other items which are
listed in the Proposal.

Item No. 242.1. Maintenance of Traffic, per device per day or lump sum.

Item No. 242.2. Striping - Temporary Tape, per lineal foot, or lump sum.

Item No. 242.3. Striping - Paint, per lineal foot, or lump sum.

Item No. 242.4. Striping - Epoxy, per lineal foot, or lump sum.

Item No. 242.5. Striping - Thermoplastic, per lineal foot, or lump sum.

Item No. 242.6. Striping — Aggressive Bond Thermoplastic, per lineal foot or lump sum.
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SECTION 250

CONCRETE STRUCTURES

250.1. Description. Concrete structures shall include drainage structures such as
reinforced concrete boxes, culverts, junction boxes, curb inlets, manholes, side opening inlets,
paved channels, etc., also retaining walls and any special concrete structures. Circular junction
boxes, side opening inlets, and manhole structures are acceptable in addition to the rectangular
structures shown in the details.

250.2. Materials.
250.2.1. Concrete.

Portland cement shall conform to the requirements of Section 230.2.1 of these
specifications.

Concrete air entraining admixtures shall conform to the requirements of Section 230.2.2
of these specifications.

Fine aggregate shall conform to the requirements of Section 230.2.3 of these
specifications.

Coarse aggregate shall conform to the quality requirements of Section 230.2.4 of these
specifications and gradation conforming to the following table for the various uses listed below:

Table Gradations of Coarse Aggregates

Maximum Size Sieve 1-1/2" 1" 3/4"

Percent of Passing

Size Column I Column II Column III
2" 100

1-1/2" 95-100 100

1" 95-100 100
3/4" 35-70 90-100
172" 25-60

3/8" 10-30 20-55
No. 4 0-5 0-10 0-10
No. 8 0-5 0-5
Uses:

a. All general structural construction, including walls, slabs, beams, etc., which are

either four (4) inches or more thick in the smallest dimension and not reinforced,
or five (5) inches or more thick in the smallest dimension and reinforced with at
least two (2) inch space between steel and forms: Column II.
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Exceptionally heavy slabs, structural members and footings may meet (at the
option of the concrete producer and with the approval of the Engineer): Column
L.

C. Very thin or heavily reinforced sections not having the minimum dimensions or
steel clearances of paragraph (a) but not floor toppings thinner than two and a half
(2-1/2) inches: Column III.

Uniformity:

The following limits of variation in gradation of coarse aggregate at the time of batching
into the mixer shall be met:

The fineness modulus for coarse aggregate to be used in any given mix design
shall not vary more than plus or minus 0.20 from the fineness modulus of the
gradation on which the mix was designed. For the purposes of this specification,
the fineness modulus shall be the sum of the percentages by weight retained on
the following standard sieve series: 1 1/2", 3/4", 3/8", No. 4, No. 8, No. 16, No.
30, No. 50 and No. 100. Aggregates from more than one supplier must be used
separately with different mix designs unless they are sufficiently similar to fall
within the limits of this section.

The variation in percentage between any two successive sieves shall be limited to
two percent (2%) or one-tenth (1/10) of the percentage of the same size material
contained in the gradation on which the mix was designed, whichever is larger.

Water shall conform to the requirements of Section 230.2.5 of these specifications.

Sampling and testing of concrete and materials shall be made under the direction of the
Engineer, who shall have access to all places where concrete materials are stored, proportioned,
mixed or placed. A recognized testing laboratory, selected by the Contractor and approved by
the Engineer, shall be employed by the Contractor to test cement and aggregates proposed for
inclusion in the work, to design the concrete mix, and to test all concrete cylinders. The
Contractor shall furnish the laboratory with adequate samples of aggregates and cement to permit
required testing.

The tests listed below shall be performed by the laboratory with certified test results
submitted to the Engineer for his approval. Materials to be tested and testing shall be according
to the following:

a.

b.

Cement shall be sampled and tested according to ASTM C 150 and C 175.

Coarse and fine aggregates shall be sampled and tested as follows:
Sampling ASTM D 75
Gradation ASTM C 136 and C 117
Impurities ASTM C 40 (Sand),
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C 123, C 142 and AASHTO-T10
Soundness ASTM C 88, if required

C. The determination of slump of concrete shall conform to ASTM C 143.

d. Concrete test cylinders shall be cast and tested in accordance with ASTM C 31
and C 39. The Contractor shall make three (3) job cylinders for each 50 cubic
yards or fraction thereof of contract, but not less that one set for any one day’s
operations, and not less than one set of (3) cylinders for each 5000 square feet of
surface area for walls and slabs shall be taken. Surface area shall be considered
the area of one face of wall or slab. All cylinders shall be cured under the same
conditions as job concrete. Job cylinders shall be identified at the time cast as to
which pour is represented.

The Contractor shall ship or deliver two (2) cylinders to the laboratory on the fourth day,
one of which is to be tested on the seventh day, the other to be laboratory cured and tested on the
twenty-eighth day. One (1) cylinder shall be shipped on the twenty-fourth day and tested on the
twenty-eighth day.

The Contractor shall furnish the City three (3) copies of test reports for concrete test
cylinders. Unsatisfactory tests of job cylinders shall make the concrete concerned subject to
rejection, with consequent removal and replacement by the Contractor at his expense.

Classes of Concrete. Concrete shall be divided into various grades to be used in the
respective places shown on the plans, called for in the specifications, or ordered by the Engineer.
The classes of concrete mixtures are referred to as Class C, Class D, Class E and Class F.

a. Class C concrete is intended principally for precast concrete slabs and shall
conform to Mix Number A600-3/4-2, or A600-1-2.

b. Class D concrete is intended principally for reinforced concrete structures
designed for high strength and water tightness, and shall be used for columns,
walls, beams, slabs, and in general, wherever form-work, other than simple forms,
is required and shall conform to Mix Number A550-3/4-4, or A550-1-4.

C. Class E concrete is intended principally for reinforced concrete structures,
designed for high strength and water tightness and shall be used for bottoms of
structures and, in general, where concrete is deposited directly on the bottom or
slopes of excavations and where simple forms only are required and shall conform
to Mix Number A550-3/4-2 or A500-1-2.

d. Class F concrete is intended principally for low strength concrete, plain or
reinforced, used for soil stabilization, pipe cradle, filling, and other similar
purposes. For large volumes, as between the underside of structures and the
surface of rock, boulders, or fragments or rock excavated during construction may
be embedded in the concrete to provide added bulk. Care should be taken in
placing boulders or rock fragments, so that there will be no voids in the concrete.
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This concrete shall conform to Mix Number A450-4-4 or A450-1-4.

Mix Design. Mix numbers in paragraphs above refer to the mix numbers in the Mix
Design Tables shown on the following pages.

Cold Weather Requirements. Placing of concrete in cold weather shall conform
to ACI 306 — Cold Weather Concreting in addition to the following specifications. No concrete
shall be placed on iced or frozen subgrade or when temperature is below thirty-two degrees
Fahrenheit (32° F.). Concreting shall not be continued when the air temperature is below forty
degrees Fahrenheit (40°F.) unless the following conditions are attained:

a. Mixing water shall be heated to a maximum of one hundred fifty degrees
Fahrenheit (150°F.).

b. Aggregates shall be heated until free of all ice and frost.

c. The concrete temperature after mixing shall be between fifty degrees Fahrenheit

(50°F.) and seventy degrees Fahrenheit (70°F.) if the air temperature is twenty
degrees Fahrenheit (20°F.) to forty-five degrees Fahrenheit (45°F.).

d. After the concrete is placed, it shall be covered, protected, and heated so as to
maintain a maximum of seventy degrees Fahrenheit (70°F.) air temperature for the
first twenty-four (24) hours and fifty degrees Fahrenheit (50°F.) air temperature
for the next six (6) days.

e. Moist conditions shall be maintained during the heating period.

f. All covering, heating equipment, etc., shall be on hand and approved by the
Engineer before any concrete is placed.

Admixtures shall be used only with the approval of the Engineer. Calcium
chloride is not an acceptable admixture.

Hot Weather Requirements. Placing of concrete in hot weather shall conform to ACI 305
— Hot Weather Concreting in addition to the following specifications. No exposed concrete is to
be placed in air temperatures above one hundred degrees Fahrenheit (100°F.). Cover, protect and
cool work as required to maintain the temperature of the concrete below one hundred degrees
Fahrenheit (100°F.). The concrete temperature, after mixing shall not be greater than eighty-five
degrees Fahrenheit (85°F.). Spray and/or shade aggregate piles and cool mixing water is
required.
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MIX DESIGN TABLES

Max. Max. W/C 28-Day 28-Day
Stone Total Weight | Gallons Design Av. Test
Mix Number Size Water #'s | Ratio Per Sack | Strength psi | Strength psi
450 POUNDS OF CEMENT PER CUBIC YARD (4.78 SACKS) - AIR-ENTRAINED CONCRETE
4" Slump
A-450-11/2-4 | 11/2" |260 578 6.52 2750 3150
A450-1-4 1" 260 578 6.52 2750 3150
A450-3/4-4 3/4" 270 .600 6.77 2600 2950
A450-1/2-4 172" 290 .644 7.27 2300 2650
500 POUNDS OF CEMENT PER CUBIC YARD (5.32 SACKS) - AIR-ENTRAINED CONCRETE
2" Slump
A500-1 1/2-2 112" | 235 470 5.30 3550 4100
AS500-1-2 1" 235 470 5.30 3550 4100
A500-3/4-2 3/4" 245 490 5.53 3400 3900
A500-1/2-2 172" 265 530 5.98 3100 3550
550 POUNDS OF CEMENT PER CUBIC YARD (5.85 SACKS) - AIR-ENTRAINED CONCRETE
2" Slump
AS550-1 1/2-2 112" 235 427 4.82 3950 4500
AS550-1-2 1" 235 427 4.82 3950 4500
AS550-3/4-2 3/4" 245 445 5.02 3800 4350
AS550-1/2-2 172" 265 482 5.44 3450 4000
4" Slump
A550-1 1/2-4 112" | 260 473 5.34 3550 4050
AS550-1-4 1" 260 473 5.34 3550 4050
AS550-3/4-4 3/4" 270 491 5.54 3400 3900
AS550-1/2-4 172" 290 527 5.95 3100 3600
600 POUNDS OF CEMENT PER CUBIC YARD (6.38 SACKS) - AIR-ENTRAINED CONCRETE
2" Slump
A600-1 1/2-2 112" 235 392 4.42 4250 4900
A600-1-2 1" 235 392 4.42 4250 4900
A600-3/4-2 3/4" 245 408 4.60 4100 4700
AS550-1/2-2 172" 265 442 4.99 3800 4350
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REQUIRED AIR CONTENT IN THE AIR-ENTRAINED CONCRETE AT THE TIME OF
DISCHARGE FROM THE MIXER AT THE JOB SITE

MAXIMUM AGGREGATE SIZE PERCENT LIMITS OF ENTRAINED AIR
112" 6% plus or minus 1 1/2%
1" 6% plus or minus 1 1/2%
3/4" 6% plus or minus 1 1/2%
172" 7% plus or minus 1 1/2%

Slump shown indicates the slump to be expected at time of discharge from the mixer at
the job site plus or minus one (1) inch, i.e. a four (4) inch slump indicates a range between three
(3) and five (5).

The above strength tables are based on Type 1 Portland cement meeting the requirements
of ASTM Standard Specifications C 150. For Type 2 Portland cement, multiply the 28-day
strength values by the factor 0.90. For ninety (90)-day strength values of Type 2 Portland
cement, multiply the 28-day design or average strength values by the factor 1.00.

The "28-Day Average Test Strength" values are 115% of the " 28-Day Design Strength"
values.

NOTES PERTAINING TO THE MIX DESIGN TABLES

a. The "28-Day Average Test Strength". The average strength of all 28-day test
cylinders for the designated mix shall not fall below the figure shown in the table.

b. The "28-Day Design Strength". Each 28-day strength test shall consist of the
average strength of a set of at least two (2) laboratory cured (ASTM C 192)
cylinders broken at 28 days. In any cylinder test set if any one (1) cylinder has a
test strength of less than seventy-five percent (75%) of the higher strength
cylinder in the set (or in the case of more than two (2) cylinders per set less than
seventy-five percent (75%) of the average of the other cylinders in the set) then
this low strength cylinder shall be rejected in determining the average strength of
the set. The average strength of any five (5) consecutive sets shall not fall below
the strengths in this column. No set of tests shall have an average strength of less
than eighty percent (80%) of the design strength indicated by the table. Should
any test fall below eighty percent (80%) of the design strength it may be
disregarded if the Engineer's investigation shows that the low strength is the result
of improper testing procedures.

c. Proportions. Sand Factor. In each mix design the percentage of fine aggregate in
the total aggregate shall be the optimum ratio for good workability. The supplier
shall adjust proportions of fine and coarse aggregates to obtain optimum
workability provided the specified water-cement ratio is maintained.

d. Water-Cement Ratio. In each mix design the water content has been stated
realistically for the size of aggregate and slump specified. In the event more
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water is used in any mix design than stated in the strength tables, additional
cement shall be added to maintain the stated water-cement ratio.

The Total Pounds of Water. per cubic yard of concrete include allowance for all
surface moisture on the aggregates.

Verification of Designs. If the project specification so requires, samples of
materials proposed for use in concrete shall be submitted to a designated testing
laboratory employed by the Owner to demonstrate through strength tests from
trial batches, that when proportioned in accordance with the Mix Design Tables,
the materials will, in fact, produce concrete of the class and strength required.
Verification tests to be deemed satisfactory shall be at least equal to the "28-Day
Average Test Strength" for the mix specified. If verification tests fall below this
limit, either the material samples shall be changed and resubmitted or a revised
design shall be employed.

Producer's Duty. The frequent measurement of moisture content in aggregates
and the correction of quantities of ingredient for variations in moisture content
and quality control of ingredients delivered to the plant, together with mix
adjustments to compensate for observed variations of gradations, shall be the
responsibility of the concrete producer.

The Use of Concrete Admixtures. which involves an adjustment of the cement
factor, as given in the Mix Design Tables for "28-Day Design Strength" as
specified, shall require approval by the Engineer.

250.2.2. Reinforcing steel shall conform to the requirements of Section 238 of
these specifications

250.3. Construction

250.3.1. Forms for Concrete Structures. Forms shall conform to the shape, lines
and dimensions of members called for on plans, and shall be sufficiently rigid and tight to
prevent leakage of mortar. They shall be properly braced or tied together to maintain their
position and shape when concrete is tamped or vibrated. Forms may be constructed of:

a.

Lumber, No. 2 or better, with a minimum thickness of one (1) inch, and
containing no holes or loose knots. Ship lap may be used where so specified on
the plans. Form liners shall be one-fourth (1/4) inch plywood or approved fiber
board on one (1) inch solid backing.

Plywood forming material may be used if three-fourths (3/4) inch plywood forms
have studs on sixteen (16) inch centers or five-eighths (5/8) inch plywood forms

have studs on twelve (12) inch centers.

Steel forms may be used if of a reputable manufacturer and in first class order,
free from dents, etc.

250-7



All exposed corners and edges shall be provided with three-fourths (3/4) inch chamfer.
Cleanouts shall be provided as required to remove sawdust and debris. All contact surfaces shall
be oiled sparingly.

Wall form ties shall be steel of the loop or snap type with one and a half (1 1/2) inch
breakback and with a cone the full depth and not larger than one (1) inch diameter. For other
forms use pencil rods and cut back inside the concrete.

The Engineer's approval of forms shall be required before any concrete is placed.

250.3.2. Placing Reinforcing Steel. All reinforcing shall be free from scale, rust or
coatings which will reduce the bond on the concrete. Bars shall be accurately bent and placed as
indicated on the shop drawings and securely supported and tied with #16 annealed iron tie wire

at all intersections to prevent movement during the placement of concrete.

Lap and tie the reinforcing steel together at splices. Splices shall be staggered as shown
on the plans.

Reinforcing steel shall be placed for minimum concrete coverage as follows:

a. Three (3) inch for bottom steel in footings and slabs poured on subgrade
b. Two (2) inch from surface to be exposed to water or earth backfill
c. One and a half (1 1/2) inch for walls, beams and columns above ground

d. One (1) inch from top of slabs
Consult the plans for any exception to the above.

The Engineer's approval is required at the completion of placing reinforcing steel prior to
the placing of any concrete.

250.3.3. Placing Concrete. Prior to placing concrete, all water shall be removed
from excavations; no concrete shall be placed under water; subgrade for slabs less than twelve
(12) inches thick shall be dampened. All debris shall be removed from the forms.

Wall concrete shall be placed continuously in horizontal layers of eighteen (18) inch lifts.
Placing locations shall not be more than ten (10) feet apart. Tremies are required when the
concrete has to be dropped farther than five (5) feet. Surface water shall be drained off and
mixing water shall be reduced as required in the top layers of deep pours.

The working face of the concrete shall be kept plastic and "alive." High frequency
vibrators shall be used at all times, supplementing as required with hand tamping, slicing, etc.
Avoid vibrator contact against finished face forms of reinforcing steel adjacent to partially set
concrete. Vibrators shall not be used to move or push the concrete laterally. Avoid over-
vibrating.
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Concrete shall be protected against rain or immersion under water for at least twelve (12)
hours.

250.3.4. Construction Joints. Construction joints shall be made only at points
shown or noted on the Plans, except when otherwise approved by the Engineer. Vertical
construction joints in the reinforced concrete boxes shall be spaced at a maximum of thirty (30)
feet on center. Reinforcing shall be carried continuously through all construction joints.
Construction joints shall be formed straight and true with finished edges.

Where a joint is to be made, the surface of the concrete shall be thoroughly cleaned and
all laitance removed. The joint shall be thoroughly wetted and slushed with a coat of cement
grout immediately before placing of new concrete. Grout shall be mixed using a ratio of one (1)
to two and a half (2 1/2) parts of cement to sand.

250.3.5. Removing Forms. Remove forms only after concrete has safe and
sufficient strength and only with approval of the Engineer.

250.3.6. Concrete Finish. Immediately after the removal of forms, the Engineer
will examine the exposed concrete. Any concrete not conforming to the lines and grades shown
on the Plans, or which shows poor joints, voids, stone pockets, honeycomb and otherwise
defective areas shall be considered as not conforming with these specifications, and shall be
replaced by the Contractor at his expense, except in cases where the Engineer approves patching
the defective parts of the structures. Permission to patch any defective parts of the structure shall
not waive the Engineer's right to require the replacement of defective parts if the patching does
not, in his opinion, satisfactorily restore the quality and appearance of these defective parts.

Specific concrete finishes required will be as follows:
a. Top of drainage structure to slab: sand float.

b. Inside of drainage structure top slab and walls: form-finish with rough spots as
well as honeycombing removed; ties to be broken and tie holes grouted.

c. Drainage structure floor slab: sand float.

d. Outside of structure wall: ties to be broken and tie holes grouted with
honeycombing removed.

e. Exposed structural concrete surfaces: hand rubbed to a smooth finish with a
carborundum brick until form prints are removed.

250.3.7. Curing of concrete shall be maintained continuously for seven (7) days
after placing the concrete. Concrete temperature is to be maintained between fifty degrees
Fahrenheit (50°F.). and one hundred degrees Fahrenheit (100°F.). Moisture is to be retained in
the concrete by the following means:

Walls and Structures
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a. Cover with tarps and leave form on seven (7) days, or
b. Cover with cotton batts continuously wet seven (7) days, or

C. Spray approved membrane, one (1) gallon to two hundred (200) square feet for
unfinished surfaces only.

Slabs

a. Pond, or wet cotton batts, or two (2) inch wet sand blanket, or curing paper with
sealed edges. Apply immediately after finishing.

250.3.8. Welding. All welding shall be shielded arc, fusion welding, made in
conformity with the requirements of the "Specification for the Design, Fabrication and Erection
of Structural Steel for Buildings" of the A.L.S.C. and the "Code for Arc and Gas Welding in
Building Construction" of the American Welding Society, as amended to date. Methods
employed and technique shall be subject to the approval of the Engineer.

250.3.9. Maintenance of Storm Sewers During Construction. All storm sewers,
drain lines, and appurtenances installed under this Contract must be kept reasonably clean during
construction. The Contractor shall at all times maintain the storm sewers and appurtenances so
as to prevent obstructing surface water.

250.4. Basis of Payment. Unless provided otherwise, all concrete structures, complete in
place, will be paid for at the Contract unit price per cubic yard, measured to the nearest one-tenth
(1/10) cubic yard, which payment shall be full compensation for furnishing and installing all
concrete and reinforcing steel, all forming, all excavation and backfill required as set forth in
these specifications, and all other labor and incidental items necessary to complete the structures
in accordance with the detailed drawings and these specifications. Payment will be made under:

Item No. 250.1. Structural concrete, per cubic yard.
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SECTION 260

STORM SEWERS

260.1. Description. Storm sewer construction shall consist of furnishing all labor, materials
and equipment for the complete installation of sewers and appurtenances in accordance with the
standards, drawings, general conditions, and detail specifications. Unless indicated otherwise in
these specifications, the word "Sewer" shall refer to pipe sewers, box culvert sewers, or paved
channels.

260.2. Standards. Whenever any reference is made to ASCE, ASTM, AASHTO, AWWA,
and ASA Standard Specifications, the specification referred to shall be understood to mean the
latest revision of said specifications or standards as amended to date of letting of Contract. RCP
and HDPE shall be the only pipe material used in the right of way. Only RCP shall used under
arterials, collectors, and cul-de-sacs.

Acceptable location

Arterials, Right of Way (other

collectors, | than arterials, collectors,
Pipe cul-de-sacs or cul-de-sacs) Easements
RCP X X X
HDPE X X
VCP X
DIP X
CMP X

260.3. Materials.

260.3.1. Concrete. Concrete used in the construction of concrete storm sewers and
drainage structures and appurtenances shall conform to Section 250 - Concrete Structures.

260.3.2. Reinforced Concrete Pipe (RCP). All reinforced concrete pipe shall conform
to ASTM Designation C 76-62T. RCP shall be Class III with a D-load of 1350. This specification
covers reinforced concrete pipe of twelve (12) to one hundred eight (108) inches, depths of fill of
up to 13 feet above pipe, and is intended for use in conveyance of storm water and for the
construction of culverts. All other installations shall be approved by the Engineer.

The interior surfaces of the pipe shall be a smooth true cylindrical surface free from
undulations or corrugations. Each pipe shall be marked by the manufacturer with a “Q Cast” stamp
to certify the pipe was produced by an American Concrete Pipe Association (ACPA) certified plant.
The following additional information shall be clearly marked on the inside of each section of pipe
by indenting on the pipe section or by painting thereon with waterproof paint:

a. Pipe class.
b. Date of manufacture.
C. Name or trade-mark of the manufacturer.
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260.3.3. High Density Poly Ethylene Pipe (HDPE). All HDPE pipe shall conform to
AASHTO M294. HDPE pipe to be ADS N-12 WT IB (water tight, integral bell) smooth
interior, dual wall or approved equal. For 48 diameter pipe and smaller, minimum cover
shall be one foot. For 54 and 60 diameter pipe, minimum cover shall be two feet. All
HDPE pipe shall contain a minimum content of 2% carbon black as required by ASTM
D3350. Pipe shall be furnished with an integral reinforced bell with a bell tolerance device
and elastomeric gasket to meet ASTM D477 and ASTM D3212.

260.3.4. Cast Iron Pipe and Castings.

a. Cast Iron Pipe: All cast iron pipe shall conform to ASA A21.6 or A21.8 and shall be
furnished with standardized mechanical joints and accessories conforming to ASA
A21.11.

b. Cast Iron: All iron castings used in connection with storm sewers and their
appurtenance structures (manhole and catch basin rings and covers, catch basin
castings, inlet plates and grating, manhole steps or ladder irons, etc.) shall be made
from tough, gray iron of even grain and tensile strength of not less than 35,000
pounds per square inch, conforming to ASTM Designation A 48, Class No. 35B. The
castings shall conform to the shapes and dimensions shown on the standard
drawings, be clean and whole, and without blow or sand holes or other defects, and
all parting fins and pouring gates shall have been removed. No plugging or filling in
of holes will be permitted and all such castings, except the buried portion of manhole
steps or ladder rungs shall be cleaned and painted with one (1) coat of coal tar before
being delivered to the site.

260.3.5. Vitrified Clay Pipe (VCP). All VCP shall conform to AASHTO M65.
Provide extra strength pipe under roadways.

260.3.6. Corrugated Metal Pipe (CMP). Wherever shown on the plans and profiles,
or required by the Engineer, corrugated metal storm sewer culvert pipe, complete with connecting
bands, elbows, and fittings, may be used.

CMP shall be aluminized type 2 (AASHTO M36 & M274) or polymeric precoated
(AASHTO M36, M245 & M246) galvanized (AASHTO M36 & M218) sheet or coils. Polymeric
coating shall be Dow “TRENCHCOAT” or approved equal, 10 mils thick on both inside and
outside of pipe.

Corrugated metal culvert pipe gage requirements shall conform to the specifications of the
following table unless otherwise specified by the plans and specifications or by the Engineer.

Where zinc coated sheets and coils (M218) are to be used, the gage requirements of the
following tables shall be increased to the next heaviest gauge.
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Circular Culvert Pipe Not Under Roadways

Diameter Gage Diameter Gage
12" 14 42" 12
15" 14 48" 12
18" 14 54" 12
24" 14 60" 10
30" 14 72" 10 up to 16 feet
36" 12 84" 10 up to 11 feet
Arch Culvert Pipe
Equivalent
Diameter Gage Span Rise
15" 14 18" 11"
18" 14 22" 13"
21" 14 25" 16"
24" 12 29" 18"
30" 12 36" 22"
36" 12 43" 27"
42" 10 50" 31"
48" 10 58" 36"
54" 10 65" 40"
60" 8 72" 44"

Wherever corrugated metal culverts are installed on railroad property which is occupied by
tracks or which may be occupied by tracks at any time in the future, then it shall conform to the
A.R.E.A. "Specifications for Corrugated Metal Culverts."

Diameter of Pipe Minimum Gage of Metal
12" to 18" 14
20" to 24" 12
26" to 36" 10
38" to 60" 8

Pipes larger than sixty (60) inches require special considerations and special specifications.

Corrugated metal storm sewer pipe shall be handled in such a manner that it is not chipped,
dented or bent. If in handling the culvert the base metal is exposed in any way then it shall be
rejected or repaired to the satisfaction of the Engineer.

260.3.8. Encasement Pipe. When circular corrugated iron lineal plate or structural
plate pipes or tunnels are installed on railroad property which is occupied by tracks or by tracks at
any time in the future, then it shall conform to A.R.E.A. "Specifications for Corrugated, Structural,
Plate Culverts and Arches." The minimum gage of the metal shall be as follows:
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Neutral Axis Diameter Minimum Gage
48" 8
60"
62"
72"
74"
84"

(VB RN BN e o)

260.4. Joints for Reinforced Concrete Pipe.

260.4.1. Flexible Compression Joints. Flexible compression joints may be made with
rubber gasket, rubber “O” rings, preformed plastic compound, mastic, or butyl sealants. Rubber
gasket and rubber "O" rings which shall conform with ASTM C 443-59T. Preformed plastic
compound shall be either rope form or flat tape form conforming to ASTM C990. Primer, as
recommended by the manufacturer, shall be used to maintain the material in position while pipe
sections are being joined. Mastic and butyl sealants may be used in accordance with ASTM C990-
96. Mastic shall be applied to the bottom half of the bell or groove and the top half of the spigot or
tongue.

260.5. Joints for High Density Poly Ethylene Pipe.

260.5.1. Pipe shall be joined using a bell & spigot joint meeting AASHTO M252,
AASHTO M294 or ASTM F2306. The joint shall be water-tight and gaskets, when applicable, shall
meet the requirements of ASTM F477. Gaskets shall be factory installed with a removable wrap to
ensure gasket is free from debris. A joint lubricant supplied by the manufacturer shall be used on
the gasket and bell during assembly. Field joints shall provide circumferential and longitudinal
strength to maintain the pipe alignment, prevent separation of pipe and prevent infiltration of fill
material.

260.5. Joints for Cast Iron Pipe.

260.5.1. Open Bell Joints. The greatest care must be exercised in handling the
jointing compound so that the best possible joint may be obtained. Each must be poured at one
pouring. If one (1) ladle will not hold enough, two (2) or more ladles must be used, so that the
pouring is done in an absolutely continuous stream until the joint is filled. The jointer shall not be
removed until the gate has had time to harden. For melting the jointing materials a gasoline furnace
shall be used, because a closer control of the heat than can be obtained than by a coke or coal
furnace is essential. The melting pot shall be at all times within easy reach of the joint at a distance
of not over twenty-five (25) feet so that the jointing compound shall, under no circumstances, be
chilled in being carried from the melting pot to the pipe. The contents of the kettle shall be well
stirred before taking out each ladle full. The interior of the pipe must be kept perfectly clean during
the progress of the work, and the end of the pipe and its branches shall be closed with an iron or
wooden plug whenever the work shall temporarily cease. Where lead is used as a jointing
compound, it shall be thoroughly caulked after the jointer has been removed. The price bid shall
include the placing of all pipe fittings and plugs. All joints shall be made in accordance with best
practices.

260.5.2. Universal Joints. The tightness of the universal pipe joint is dependent upon
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the perfection of the contact of the machined edge of the spigot and with the tapered, machined
surface of the bell end. Before lowering the pipe into the ditch, the machined surfaces of both ends
of the pipe must be scraped with some tool such as a knife, brushed with a wire brush and washed
with a cloth saturated with kerosene, then wiped clean and carefully examined for burrs or pits and
other imperfections. White lead which has been thinned so that it can be applied with a brush, shall
then be applied to the machined surface contact with the bell of the pipe to be joined. After
lowering the pipe, the bell of the pipe in place shall be carefully cleaned by wiping and white lead
applied to the machined surface. Care is necessary during this operation to have a perfectly clean
surface at all times as a small amount of sand may give trouble after the joint is made. After
inserting the pipe, the bolts are inserted with the heads in reverse direction, to permit the use of both
wrenches at the same time, lock washers are applied and the nuts turned on as far as they can be by
using the wrenches with one hand and without pipes or other extensions to give greater leverage.
Damage often is done to the pipe by excessive tightening. Bolts, washers and nuts shall be
furnished by the Contractor.

260.5.3. Mechanical Joints. Mechanical joints specification shall conform to ASA
Designation ASA-A21.11.

260.6. Joints for Vitrified Clay Pipe.

260.6.1. Flexible Compression Joint. Factory made vitrified clay pipe gasket may be
used conforming with ASTM Designation C 425-60T.

260.6.2. Hot Poured Joints. Hot poured joints may be allowed, if the material used
and the pipe jointing procedures are approved by the Engineer prior to construction. The joint
compound shall be heated to a temperature of three hundred fifty degrees to four hundred degrees
Fahrenheit (350° to 400°F.) as may be necessary to provide a smooth and rapid pour.

260.8. Sewer Construction.

260.8.1. Excavation and Backfill. All excavation for structures, trench excavation,
and backfilling for storm sewer construction and all related work shall be performed in accordance
with Section 201 of the specifications. RCP, VCP, and DIP shall be considered rigid pipes. HDPE
and CMP shall be considered flexible pipe.

260.8.2. Pipe Bedding.

260.8.2.1 RCP. Pipe shall be bedded according to the Type 3 installation as
recommended by the American Concrete Pipe Association and details bound in this manual.

260.8.2.2 CMP and HDPE. Pipe shall be bedded according to manufacturer’s
recommendations and the details for flexible pipe bound in this manual.

Should any excess material be removed from the ditch bottom, the space shall be filled with
the approved material and thoroughly tamped, with a pneumatic tamper to the satisfaction of the
Engineer, or replaced with a six (6) inch thick layer of approved granular material on top of other
approved compacted materials.
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Regardless of the method used to transfer the line and grade from the stakes to the sewer,
each pipe shall be checked for line and grade using a method approved by the Engineer.

260.8.3. Laying the Pipe. All pipe shall be protected during handling against shock
and free fall.

RCP shall, at the Contractor’s option, be furnished with factory cast lift holes. Lift holes
shall be 2.5 inches in diameter or less for pipes with inside diameter of 60 inches or less. Lift holes
shall be 3.5 inches in diameter or less for pipes with inside diameter greater than 60 inches. No
more than two (2) holes will be allowed in any one (1) piece of pipe. Drilling of lift holes on site is
not acceptable. Any rebar visible in a lift hole shall be cause for rejection. Lift holes shall be
plugged with a pre-manufactured plug designed specifically for plugging RCP holes (Popit or
equal) or grouted full. The filled hole shall then be covered with an adhering sheet membrane
(Grace Ice and Water Shield or equal) or a coat of bituminous material. Regardless of the method
used, Contractor shall be responsible for the final water tightness of the pipe.

The laying of pipe in finished trenches shall be commenced at the lowest point and installed
with the bell end forward or upgrade. All pipe shall be laid with ends abutting and true to line and
grade established with a laser. They shall be carefully centered so that when laid they will form a
sewer with a uniform invert.

Each piece of pipe shall be checked for vertical and horizontal alignment immediately after
being laid.

Preparatory to making pipe joints, all surfaces of the portions of the pipe to be jointed, or of
the factory made jointing materials, shall be clean and dry. Lubricants, primer, adhesives, etc., shall
be used as recommended by the pipe or joint manufacturer's specifications.

The joints shall be wiped inside, removing all surplus joint compound and dirt from the
interior of the pipe. Twelve (12) inch pipe and smaller shall be wiped by means of a disc attached
to a rod not less than four (4) feet long worked continuously through the line of pipe.

When cement mortar, Kalktite or other approved joint compounds are used to make the joint
in reinforced concrete pipe, it shall be made as follows:

In the bottom half of the bell shall be placed a sufficient amount of joint compound to
thoroughly fill the annular space, and the next pipe inserted into place. The remainder of the
annular space shall be completely filled on the inside and outside of the joint, around the
circumference of the pipe, and the joint wiped on the inside of the pipe to remove all excess joint
material.

No pipes may be trimmed unless by order of the Engineer. Pipes having defects that do not
cause their rejections shall be so laid as to place these defects where they will be of least

consequence.

Trenches shall be kept water-free and as dry as possible during bedding, laying and jointing
and for as long a period as required to protect the pipe joints and concrete in structures.
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As soon as possible after the joint is made, sufficient material shall be placed alongside each
side of the pipe to offset conditions that might tend to move the pipe off line and grade.

260.9. Manholes and Junction Chambers.

260.9.1. Precast Manholes. Precast manholes shall be constructed as shown in the
standard drawings, as specified herein and as directed by the Engineer.

260.9.2. Manhole Base and Invert. The manhole base and invert shall be constructed
of Class E concrete as specified under Section 250 of these specifications. All bases and inverts
shall be poured individually in one continuous pour for each, unless otherwise specified and
particular care taken to make channels smooth and perfect. All manhole inverts and bases shall
conform to the applicable manhole standards.

Precast manhole bases may be used with precast manholes provided the design of the base
has been approved.

260.9.3. Manhole Rings and Covers. The rings and covers of all manholes shall be set
at the elevation shown on the drawings and solidly built into place. Concrete rings shall be grouted
with cement mortar.

Plastic adjusting rings shall be injection molded-recycled HDPE as manufactured by
LADTECH, Inc. or approved equal and installed as per manufacturer's recommendations
The manhole adjusting rings shall be molded from high density polyethylene as defined in ASTM
Specification D-4976. The annular space between the rings and cone basin, the rings, and the rings
and cover frame shall be sealed utilizing an approved butyl sealant. The Contractor shall utilize flat
and sloping units to match the required slope and or grade of the structure.

260.10. Inlets.

260.10.1. Precast inlets shall be constructed in accordance with the standards or
approved equal. Concrete for precast concrete inlets shall conform to the applicable sections of
these specifications for Class D concrete.

260.10.2. Reinforced concrete inlets shall conform to the standard drawings and the
applicable sections of these specifications for Class D and Class E concrete. Concrete cover over
steel reinforcement shall be not less than one (1) inch for covers and one and one-half (1 1/2) inches
for walls and floors. All exposed concrete shall have smooth steel trowel or brushed finish.
Interiors of structures shall have the forms removed and surface voids filled.

260.11. Reinforced Concrete Box Culverts.

260.11.1. General. Reinforced concrete box culverts shall be constructed in strict
accordance with this section and Section 250 of these specifications.

260.11.2. Composition of Concrete. To determine the actual mixed proportions of
cement, aggregates and water proposed for use on the project, the Contractor shall furnish all the
information required by the testing laboratory retained by the Engineer. The testing laboratory will
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proportion a concrete mix based upon the requirements of these specifications and will determine
the compressive breaking strength of these specimens at seven (7) days and will determine that the
mix is in strict compliance with the specifications.

260.12. Paved Ditches and Rip-Rapping. Paving concrete for paved ditches shall
conform to Class E concrete specifications herein described and shall correspond with the standard
drawings or approved equal.

The material for riprap shall consist of a predominantly one-sized, durable stone, shot rock
or broken concrete. Acceptance by the Engineer may be made by visual inspection. Riprap material
shall be either Type 1 or 2 per below.

Type 1 Riprap shall consist of at least 40 percent of the mass being pieces having a volume
of one cubic foot or more.

Type 2 Riprap shall consist of at least 60 percent of the mass being pieces having a volume
of one cubic foot or more.

A geotextile material shall separate the subgrade from the riprap. Geotextile material shall
be AASHTO M288-96 Class 2 with a minimum permittivity of 1.0 sec’' and an apparent opening
size of 0.22 mm MARV. Lap seams per manufacturers recommendations.

Riprap shall be placed to the approximate shape and thickness shown on the plans for the
specified ditch or as directed by the Engineer. The rock shall be dumped on a subgrade of

reasonably uniform density and left in a rough condition meeting the approval from the Engineer.

Grouted riprap shall not be allowed unless approved by the Engineer.

260.13. Toewalls. A toewall or extension plate shall be provided where any pipe
daylights.
260.14. Headwalls, Wingwalls and Endwalls. Design of these structures shall

conform to the standards attached or to the approved details as submitted by the Engineer. Concrete
shall conform with Class E concrete as outlined under Section 250 of these specifications.

260.15. Railroad Crossings. Wherever a railroad crossing is being constructed
beneath or at grade the necessary permit for the construction will have been previously secured by
the Contractor . It shall also be the responsibility of the Contractor to contact the railroad company
prior to beginning of such crossings, and to proceed with the construction as directed by the railroad
company.

All railroad crossings shall be made at right angles to the railroad tracks wherever possible,
and shall be laid by jacking or tunneling.

260.16. Traffic. Provision shall be made for taking care of traffic in accordance with

Section 7.5 of these specifications and as may be provided in Special Provisions of the Proposal.
Contractor shall protect installed material from damage from construction loads.
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260.17. Existing Utilities. The Contractor shall provide for existing utilities in
accordance with Section 7.9 and Section 8.5 and 201.9 of these specifications.

260.18. Replacement of Pavement. All pavement, surfacing, driveways, curb, walks,
buildings, utility poles, guy wires, and other surface structures affected by construction operations
in connection with the performance of the Contract, together with all sod and shrubs in yards, parks,
and parking lots, shall be maintained and if removed, or otherwise damaged, shall be restored to the
original condition thereof, as determined and approved by the Engineer, unless otherwise specified
on the plans.

The Contractor shall be responsible for, including any damage caused by settlement of
backfill placed beneath pavements, street, road, and driveway surfacing, and drainage and other
structures, and beneath sod in yards, parking lots, and parks, which may occur at any time prior to,
and during the correction period after the date of final acceptance of the work covered by the
Contract; during such period the Contractor shall at his own cost and expense refill all excavations
where backfill damage to structures, pavements, surfacing, and sod caused by such settlement, to
the satisfaction of the City. Should the Contractor fail to repair settlement which may occur as
described above within thirty (30) days after being given notice thereof, the Owner shall have the
right to repair such settlement and charge the cost of such repairs to the Contractor.

The Contractor will be held responsible for all damage to roads, highways, shoulders,
ditches, embankments, bridges, culverts and other property, caused by him or any of his
Subcontractors in hauling or otherwise transporting materials to and from the several sites of the
work, regardless of the location of such damage. The Contractor shall make arrangements relative
to the payment for, or repair or replacement of, such damage or damaged surfaces or structures
which are satisfactory and acceptable to the Owners or Owner of such damaged surfaces or
structures, or to their legally responsible officers, agents or other representatives, at the Contractor's
own cost and expense.

260.19. Measurement and Payment.

260.19.1. Pipe. Pipe shall be measured to the nearest lineal foot of the various sizes
and types installed. This unit price shall include trenching, installation, pipe materials, bedding,
backfill, compaction, restoration of private property, and all other items required to complete the
installation of the pipe. Payment will be made under:

Item No. 260.1. Reinforced concrete pipe, per lineal foot

Item No. 260.2. High density polyethylene pipe, per lineal foot
Item No. 260.3. Cast iron pipe, per lineal foot.

Item No. 260.4. Vitrified clay pipe, per lineal foot.

Item No. 260.5. Corrugated metal pipe, per lineal foot.

260.19.2. Standard Drainage Structures and Appurtenances. Standard drainage
structures shall be measured as a unit, complete and in place of the various types constructed.

Payment will be made under:

Item No. 260.6. Description of structure, per each unit.
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260.19.3. Reinforced Concrete Box Culverts and Special Concrete Structures. Reinforced
concrete box culverts, special concrete structures, headwalls, wingwalls, endwalls, and paved
channels may be measured by the lineal foot or by the cubic yard of concrete in accordance with
Section 250, whichever is specified in the proposal form, and payment will be made accordingly for
structures complete and in place, at the Contract unit price.

260.19.4. Connection to Existing Structures. The connections to existing structures
required during construction shall be measured as a unit, complete. Payment will be made at the
Contract unit price for connection to existing structure.

Item No. 260.7. Connection to existing structure, per each.

260.19.5. Pavement Replacement. Pavement replacement, whether asphaltic or concrete
pavement, shall be measured by the square yard of acceptable material replaced within the project
limits. Payment will be at the Contract unit price under:

Item No. 260.8. Concrete/Asphaltic pavement replacement, per square yard.

260.19.6. Riprap. Riprap, including excavation and geotextile, shall be measured by the
square yard. Payment will be made at the Contract unit price under:

Item No. 260.9. Riprap Type 1 or 2, per square yard.
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