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reflective sheeting shall be applied as specifiedby the sheetingmanufacturer.
Colors shall meet the requirements of the Contract and as shown in the
MUTCD.Care shall be takenso screening inksare compatiblewith reflective
sheeting backgrounds.

Reflective material shall meet Section 894.02.

The reflective sheeting used on flat sheet sign backings larger than the
manufacturer’smaterial shall have reflective sheeting placedon each section
with no vertical or horizontal splicing of the reflective material on the indi-
vidual panels. All sheeting on each individual sign shall be from the same
manufacturer’s lot.

The sign face shall beprocessedand finishedwithmaterial as specifiedby the
sheetingmanufacturer. Processing of Type III A or III BReflective Sheeting
with screened-onmessages shall be accomplishedbefore applying to the sign
backing. Processing ofType IIReflective Sheetingmaybe accomplished be-
fore or after applying to the sign backing.

The finished signs shall have a smooth, uniform surface. All letters and num-
bers shall be clear cut and sharp.

5. Fabrication of Panel Signs. The background shall be applied to the panels
as specified by the reflective sheeting manufacturer.

Reflective sheeting shall be overlap spliced. The splice shall be overlapped
not less than 3/16-inch, and sheeting applied to panels shall extend over the
edges anddown the side legs aminimumof1/16 inch. Splices shall be at a90°
angle to the length of the panel. The splices shall be uniformly and neatly
made throughout their entire length. No individual panel shall have more
than 2 splices, and theminimumdistance between adjacent splices shall be 8
feet.

When guide sign symbols (e.g. handicap, hospital, and airport symbol signs)
are required on larger guide signs as part of the message, the symbol signs
shall be riveted to the larger signs and be installed at the locations shown on
the plans. The cost of the symbol signs and the labor, equipment, andmaterial
needed to attach them will not be bid separately, but will be included in the
price bid for the panel or overlay of the sign.

6. Date of Fabrication. All signs receiving new sign facings shall be dated
with themonthandyear fabricated.Thedate shall beplacedon thebackof the
metal backing on the lower corner of sign near the edge closest to traffic so
that it can be read from the ground. The dating layout shall consist of 1/4 inch
high numbers on a 2-1/4 inches long by 1-3/4 inches high pressure sensitive
label. The numbers imprinted on the upper part of the label shall be 1 through
12,with the last twodigitsof four consecutiveyearsprintedacross thebottom
(as 92, 93, 94, 95). The month and year of fabrication shall be punched out.
The label shall meet Section 894.04. The cost of furnishing, fabricating, and
installing labels shall be included in the price bid for “Flat Sheet for Signs
Type II and III A,” “Panel for SignsType II and III A,” “RefacingSignsType
II and III A,” or “Overlay Panel Type II and III A.”

C. Packaging, Labeling, Handling, and Shipping.

Completed signs shall be dry before packaging or storing. Packaged signs that be-
comewet before use shall not be used.Awarning labelwith instructionsdesigned
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to prevent damage to the signs shall be on the outside of the package, and an addi-
tional warning label shall be placed in the packages between the first and second
sign, before the last sign, and after each five signs in a package. Packaged signs
shall not be banded and shall be stored and shipped on edge.

Packaging shall be done so that the signs are protected during storage, shipping,
and handling. Packaged signs shall be slipsheeted using thematerial andmethods
recommended by the sheeting manufacturer.

Unmounted reflective sheeting may be stacked flat to a maximum height of
5 inches for temporary storage. Otherwise, they shall be stored on edge. The
sheeting on signs shall not be exposed to temperatures above 150°F. The slip-
sheeting shall be left on the sign face until mounted.

Panel signsmaybe assembledor separated into sections for ease in handling, stor-
ing, and shipping. In lieu of packaging, the sign faces may be turned toward each
other and fastened together firmlywith sufficient spacers to prevent the sign faces
from touching. Sign faces that cannot be protected by packaging or fastening face
to face shall have protective covers placed over them.

D. Label (Handling, Storage, and Installation Instructions). The label referred
to in Section 754.03 C shall contain the following instructions:

1. Loading on Vehicles. Signs shall be secured vertically in racks to prevent
them from rubbing, scratching, or marring front surfaces. Signs that have
protective wrappings or slipsheeting shall be kept dry.

Signs shall be carefully unloaded, stacked on edge off the ground in an up-
right position.

2. Storage at Job Site.Signsshallbe stored indoorsanduprightonedge topre-
vent damage to the reflective sheeting.

Signs shall be kept dry. Packaged signs that get wet will be rejected.

3. Installation.

a. Signs shall be handled carefully and not scuffed or walked on.

b. Nylon washers shall be used between flat washers and sign face for all
Type III and IV reflective sheeted signs.

c. When washing signs is necessary, a soft bristle brush or sponge and
water shall be used.

E. Erection of Sign Supports and Delineators.

1. General. The Engineer will verify the support lengths on all new sign sup-
ports prior to thematerials beingorderedby theContractor. All sign supports
shall be firmly set and plumbafter erection.All concrete foundations shall be
constructed as specified, with the top sloped enough to drain away from the
sign support. All exposed concrete above ground surface shall be given a
rubbed finish. Excess excavationmaterial removed to set sign supports shall
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be disposed of at the Contractor’s expense. A driving cap shall be usedwhen
driving a sign support.

2. Delineator Posts.Delineatorpostsshall bedrivenwithoutbeingdamaged. If
the drilled or punched hole method is used, the hole shall be large enough so
the post can be set without damage. Any damage to utilities or structures as a
result of construction operations shall be repaired according to Section
105.03.

3. Anchor for Telescoping Perforated Tubes Supports. Anchors for tele-
scopingperforated tubes supports shall bedriven.Theperforated tubeanchor
shall be driven to a maximum of 4 inches above the ground or sidewalk.

Anchors shall be installed at Plan length, unless the Engineer determines a
shorter length is sufficient due to good soil bearing developed when driving
the anchor.Anchor lengthsmay be reduced to aminimumof 3 feet.When set
in sidewalk, the anchor plate may be omitted.

The sidewalk shall be cored to install the anchor unit and the cored area shall
be filled with new concrete to restore the sidewalk surface.

4. Single Tubular Sign Supports.When a sign support is required, a Tubular
Sign Support shall be used. Tubular Sign Supports shall be set in a Class AE
Portland Cement Concrete foundation, constructed as shown on the Plans.
Breakaway foundation plates shall be assembled with the bolts torqued to
Plan requirements.Theplates shall becarefullyplaced so the taperedbolt slot
tapers toward approaching traffic. Either the stub post or the anchor bolt de-
signmay be used as detailed. If the anchor bolt design is used, a PortlandCe-
ment Grout shall be used to raise the top of the foundation to a snug fit under
the base plate. Welders shall meet the requirements of Section 105.06 D.

5. Overhead Sign Structures.

a. General. All overhead sign structures shall be shop fabricated so that
only bolted assembly is required in the field. Drilling to fasten an over-
head sign to a bridge is permitted, but field welding is not permitted.
Welders are specified in Section 105.06 D.

b. Anchor Bolt Installation. A steel template shall be used to accurately
locate and hold the anchor bolts plumb and in proper alignment. This
template shall be inplaceduringplacementof theconcretebaseandshall
remain in place aminimumof 24 hours after the concrete placement has
beencompleted.The support cageused toposition theanchor boltswith-
in the foundation shall remain in the concrete foundation. Out-of-posi-
tion anchor bolts and anchor bolts greater than 1:20 out of plumb are
cause for rejection of the base. Bending of the anchor bolts to straighten
themormove them into position, or alteration of the basewill not be per-
mitted, and are cause for rejection of the base.

c. AnchorBolt Tightening.The top nuts and the leveling (bottom) nuts of
the anchor bolts shall be tightened as follows:

(1) All leveling (bottom)nuts shall bebrought to full bearingon thebot-
tomof the base plate. The bottomof the leveling nutmust be kept as
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close to the concrete base as practicable, and shall not be more than
one inch above the top of the concrete base. Leveling nuts shall be
threadedonto theanchorbolt toprovideat least a1/4 inchprojection
of the bolt above the top nut when in its tightened position.

(2) Beeswax or equivalent shall be generously added to the top nut
bearing face and top nut internal threads prior to placement on the
anchor bolt. All nuts shall be tightened to a “snug” condition de-
fined as the tightness attained by the full effort of a person using a
wrench with a length equal to 14 times the diameter of the anchor
bolt (minimum length shall be 18 inches). The full effort required to
achieve a “snug” tight condition shall be applied as close to the end
of the wrench as possible, and shall continue until the nut stops ro-
tating.This is achievedbyaperson leaningback, pulling firmly, and
using one’s entire body weight on the end of the wrench (with feet
braced to prevent slipping). This snug tightening shall be accom-
plished in a minimum of two separate passes of tightening. The se-
quence of tightening in each pass shall be such that the opposite side
nut, to the extent possible, shall be subsequently tightened until all
the nuts in that pass have been snugged.

“Snug” tightness of the nut shall be checked in the presence of De-
partment personnel after the Contractor has completed nut snug-
ging as described above but prior to commencing step (4) below.
“Snug” tightness of the nuts (top and leveling) shall be checked by
applying a torque to the nut according to the following values:

Bolt Diameter Torque
(inches) (foot-pounds)

1 100
1-1/4 200
1-1/2 300
1-3/4 400
2 500
2-1/4 700
2-1/2 800

(3) After Step (2) has been completed, the top nut and leveling nutmust
be in full bearing on the base plate. If any gap exists between either
nut (top or leveling) and the base plate, a beveled washer shall be
inserted between the nut washer and the base plate to eliminate the
gap. The washer shall be stainless steel Type 304, shall be the same
diameter as the hardened washer, and shall be so beveled that the
gap between the nut and the base plate is eliminated. All nuts shall
be retightened according to Step (1) and (2) above if beveledwash-
ers are added. All costs required to remove and re-erect this struc-
ture to install beveled stainless steelwashers shall be at theContrac-
tor’s expense.

(4) All top nuts shall be tightened an additional 1/3 turn by use of a hy-
draulic wrench. All of the nuts shall be tightened in two separate
passesof equal incremental turns (1/6 turn eachpass). The sequence



484

754.03 E.5.c.(4)

of tightening in each pass shall be such that the opposite side nut, if
possible, shall be subsequently tightened until all the nuts in that
pass have been turned. There shall be no rotation of the leveling nut
during top nut tightening.

(5) Tightnessof thenuts shall bechecked in thepresenceofDepartment
personnel a minimum of 48 hours after the nuts have been rotated
the additional 1/3 turn. Tightness of the nuts shall be checked by ap-
plying a torque to the nut in accordance with the following values:

Bolt Diameter Torque
(inches) (foot-pounds)

1 300
1-1/4 630
1-1/2 1,120
1-3/4 1,820
2 2,770
2-1/4 4,010
2-1/2 5,550

After the anchor bolt nuts have been checked for tightness, ultrasonic
testing, and calibration procedureswill be performedby theDepartment
for final acceptance. This is to assure that no flaws in the bolts have been
introduced during the construction process and no loose nuts orwashers
exist.

The Engineer will tap each nut (top and leveling) with a 24-ounce ball
peen hammer to check for looseness. A tight nut produces a sharp ring-
ing sound, and a loose nut produces a dull sound. The Engineer will tap
each washer on one side while placing one hand on the other side of the
washer. If thewashermoves, the nut is not properly tightened. Awrench
with a length equal to 14 times the diameter of the anchor bolt (minimum
18 inches)will beusedby theEngineer tocheck the tightnessof eachnut.
If a nut rotates as a result of the application of a person’s full effort on the
endof thewrench, thenut isnot properly tightened. If anynutorwasher is
found loose as a result of the above acceptance procedure by the Engi-
neer, the Contractor shall tighten such loose nuts according to Steps (1)
through (5) above. The Engineer will determine the extent of removal,
disassembly, and re-erection of the structure. If any nuts require tighten-
ing after the initial installation, all costs required to remove and reinstall
nuts and washers and, if necessary, to remove and re-erect the entire
structure shall be at the Contractor’s expense.

The Contractor must test to verify the absence of flaws prior to the erec-
tion stage. Reflectors found with an indication rating less than 15 deci-
bels will be cause for rejection of the entire base installation. Replace-
ment of the base installation shall be done at the Contractor’s expense.

d. Erection Procedures. Erection of the overhead sign supports shall be
done according to the sequence indicated below. Traffic shall be main-
tained during erection according to Plans and Specifications.

(1) Bottom leveling nuts and washers shall be placed on all the anchor
bolts.Thesenuts shall initiallybeplaced1/4 inchabove theconcrete
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foundation. The nuts shall then be brought into level with the high-
est nut above the foundation. Clearance between the concrete
foundation and the bottom leveling nuts shall not exceed 1 inch
maximum.

(2) The column only, without the truss or arm brackets attached, shall
be placed on the leveled bottom nuts and washers.

(3) Beeswax or the equivalent shall be applied to all top nut bearing
faces and the top nut internal threads prior to placement on the an-
chor bolt. The two topnutsperpendicular and the two topnutsparal-
lel to the sign face (in its final position) shall be placedon the anchor
bolts, along with their corresponding washers, and snug tightened.

(4) The column base plate shall be leveled by adjusting only the nuts
perpendicular and parallel to the sign face (in its final position).

(5) Remaining topnuts andwashers shall beplacedon theon theanchor
bolts and loosely snug tightened.

(6) All bottom and top nuts shall now be tightened according to Sec-
tions 754.03 E.5.c(1) through 754.03 E.5.c(4) above.

(7) The assembled arm bracket or truss, without the sign, shall be
placed on the erected column. All bolts shall be tightened by the
turn-of-nut method specified in Section 616.03 C.3.c(1) Table 2 of
the Standard Specifications. Any nuts and bolts loosened or re-
moved after being fully tightened shall not be reused. Previously
tightenedbolts thathavebeen loosenedby the tighteningof adjacent
bolts will not be considered as reused and may be retightened.

(8) The sign panel shall be placed on the erected arm bracket or truss.

(9) The anchor bolt nuts connecting the column base to the concrete
foundation shall now be checked for tightness according to Section
754.03 E.5.c(5) above.

6. W-Shaped Sign Supports.

a. TheContractor shall installH-Pile footings forW-ShapedSignSupports
constructed as shown on the Plans. Breakaway base plates shall be as-
sembled with the bolt torqued to Plan requirements. The plates shall be
carefully placed so the tapered bolt slot tapers toward approaching traf-
fic.

b. Flame Cutting of W-Shape Posts. The gas cutting torch may be used
for cutting metals or preparing joints. Carbon steel above 0.30 percent
carbon, high alloy steels, heat treated steel, andplatedmetals shall not be
flame cut unless subsequent corrective treatment is provided as ap-
proved by the Materials and Research Engineer.

All flame cutting work shall be done by the oxyacetylene gasmethod or
other method approved by the Engineer. The maximum permissible
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deviation from true lines shall be 1/16 inch.Repairs of edge defects shall
be done according to Section 3.2 of AWS Structural Welding Code, as
amended by AASHTO Specifications for Welding of Structural Steel
Highway Bridges. In general, the roughness of flame cut surfaces shall
be no greater than an ANSI roughness value of 1,000 microinches. All
slag from flame cutting shall be completely removed.

When flange plates or other members are cut to a curve, the curve shall
be uniform to the radius required. A series of straight cuts tangent to the
curve shall not be acceptable.

When ends of members, which are to take bearing, are cut with a torch a
suitable allowance in there length shall bemade to permit propermilling
or planing.

Joints for welding may be prepared by “flame cutting” or “flame goug-
ing” provided all slag and oxidized metals are removed.

c. Edge Finishing.Members formed to specific size by shearing of struc-
tural steel plates having a thickness of 1/2 inch or more, shall be ma-
chined or planed to correct size by removing not less than 1/4 inch of
metal. All field splice plates and stiffeners less than 1/2 inch in thickness
shall have a minimum of 1/8 inch of metal removed by machining or
planing after shearing.

d. Welding applications as specified in Section 105.06 D.

F. Mounting Flat Sheet Signs Type III A and III B Sheeting. Flat sheet signs
shall be bolted to the supports and shall have a nylon washer between the flat
washer and the sign face. Rubber incased washers may be substituted for nylon
washers on work zone traffic control signs specified under Section 704.

G. Removing and Resetting Signs and Supports. Existing signs and supports
shall be removed and reset as specified.All signs and supports not to be reset shall
be stockpiled on the Project Right ofWay at designated locations. The stockpiled
signs and supports shall remain the Department’s property.

Removed or reset signs and supports that become damaged during removing, re-
setting, or stockpiling shall be replaced at the Contractor’s expense.

Existing signsandsupports shall be removedasconstructionprogresses, andshall
be immediately reset or installed. The Contractor shall install new signs or reset
signs as shown on the Plans. All signs and supports shall be on the Project site at
the time construction begins. TheContractormay choose to temporarily reset ex-
isting signs, or temporarily install new signs. The cost of installing and resetting
signs temporarily shall be included in the price bid for other items. Any damaged
signs or supports shall be replaced at the Contractor’s expense.

H. RemoveSignFoundations.This itemconsists of removing signs, steel supports,
and foundations or H-pile footings and restoring the surface to match the sur-
rounding area. Foundations and H-pile footings shall be removed to a depth of 2
feet below the ground line unless otherwise specified in the plans. The signs, steel
supports, H-pile footings and foundations removed shall become property of the
Contractor and be disposed of outside the highway Right of Way.
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I. Revise Fuse Joints. This item consists of removing the existing front fuse plate
and back hinge plate and installing a new front perforated fuse plate and a new
back hinge plate as shown on the detail sheets in the Plans. All nuts will be tight-
ened securely, torquing is not required.

J. OverlayPanelSignRefacing.This itemconsistsof removing the legend, border,
and symbol on those signs that have demountable copy and place overlay panels
on the signs. Those signs that have direct applied reflective sheeting legends, bor-
ders, and symbols need not have these removed. The new changed legends, bor-
ders, and symbols shall be direct applied to the thin metal overlay panels and
installed on the existing signs. The legends, borders, and symbols are deemed not
salvageable and shall be disposed of by the Contractor outside the highwayRight
of Way.

The overlay panels shall be fabricated from 0.063 inch aluminum alloy conform-
ing toASTMB209alloy6061-T6or 5052-H38withmill finish.Theoverlaypan-
els shall be fabricated according to Section 894.01 and degreased, etched, and
coated according to Section 894.01 of these Specifications.

The reflective sheeting applied to the overlay panels shall meet the requirements
of Section 894.02 of these Specifications.

The letters, numerals, symbols, and borders shall be directly applied according to
Section 894.04. The Reflective sheeting shall meet the requirements of Section
894.02.TypeIIIAreflectivesheeting letters,numerals, symbols, andbordersshall
be used on Type II background. Type IIIA reflective sheeting letters, numerals,
symbols, and borders shall be used onType IIIAbackground. The overlay panels,
after fabrication, shall be installed on the existing signs with aluminum blind fas-
teners 5/32 inchdiameterwith 1/8 inchout thebackof the existing signbackingor
other non-corrosive fasteners approved by the Engineer. The panels are to be
butted together with no overlap.Where legends, numerals, symbols, and borders
cross the butt joints, they will need to be cut.

Signs that are to be overlaid that are larger thanmanufactured overlay panels shall
be fabricatedas follows:Overlaypanels shall beaminimumof18 incheswideand
a maximum of 4 feet wide. Panels will have a minimum length of 8 feet. If the
overlay panels do not cover the full height of the sign, the overlay panels shall be
placed on the lower portion of the sign first so the longer side of the panel is verti-
cal. The remaining panels shall be placed above these panels with their long side
placed horizontally. The overlay panels shall be riveted around the panel with the
rivets 1 inch from the edge of the panel. The rivets shall be evenly spacedwith no
more than 12 inches between rivets, horizontally and vertically. Panelsmore than
24 inches wide shall be riveted down the middle of the panel at 12-inch centers.

K. Auxiliary Signs. The auxiliary signs used with route markers shall be the same
background color as the routemarkers they are usedwith. (Interstate -- Blue, State
-- White, Interstate Business Loop -- Green, and County -- Blue.)

754.04 METHOD OF MEASUREMENT.

A. Flat Sheets, Panels, and Extruded Aluminum Panels.Flat sheets, panels, and
extruded aluminum panels for signs will be measured to the closest 1/10 square
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foot, complete, in place, and accepted by the Engineer. All hardware, stringers,
and brackets required to attach signs to the posts shall be included in the pay item.

B. Galvanized Steel Posts.

1. GalvanizedSteelPosts -- TelescopingTube.TelescopingTubepostswill be
measured by the linear foot, complete, in place and accepted by theEngineer.
All sizes will be measured and paid for as “Galvanized Steel Posts -- Tele-
scoping Perforated Tube.”

The post length shall be measured from the top of the post to bottom of post
and top of anchor to the bottom of the anchor, as shown on the Plans. The
sleeves and break away base, if included, will not be measured for payment,
but shall be included in the bid item “Galvanized Steel Post.” The Pulley
Winch, Pulleys, Cable, Fabricated Plates, Perforated Tubes and hardware
shall be included in the price bid for “Galvanized Steel Posts -- Telescoping
Perforated Tube.”

2. Galvanized Steel Posts -- Standard Pipe. Pipe post signs will be measured
by the linear foot of each size installed and accepted by the Engineer. The post
length shall be measured from the top of the breakaway base to the top of the
post, as shown on the Plans. The concrete base will be paid for separately. The
PulleyWinch, Pulleys, Cable, Fabricated Plates, Perforated Tubes and hard-
ware shall be included in the price bid for “GalvanizedSteel Posts -- Standard
Pipe.”

3. Galvanized Steel Posts -- W-shaped Posts (two ormore).W-shaped posts
will be measured by the linear foot of each size installed and accepted by the
Engineer. The post length, the 12-foot driven pile length, and the 2-foot stub
post, as shown on the Plans, will be included in the length of post to be mea-
sured and paid for. TheWind Beams and Anchor Plates shall be included in
the price bid for “Galvanized Steel Posts -- Telescoping Perforated Tube.”
The Pulley Winch, Pulleys, Cable, Fabricated Plates, Perforated Tubes and
hardware shall be included in the price bid for “Galvanized Steel Posts --
W-shaped Posts.” The post length and the 14-foot pile length as shown in the
Plans, will be included in the length of the post to be measured and paid for.

C. Breakaway Bases.Breakawaybasesforstandardpipe,W-shape, andtelescoping
tubeswill not bemeasured, and all hardware, stub posts, slip bases, and assembly
will not bemeasuredbut shall be included in thebid item“GalvanizedSteelPost.”

D. Delineators.The quantity will bemeasured by the number of delineators of each
type installed, complete with reflectors.

E. ConcreteFoundation.When concrete foundations are used on single post signs,
the concrete will be measured by the cubic yard based on the quantity shown for
each foundation complete, in place, and accepted by the Engineer. Reinforcing
steel will not be measured but shall be included in the price bid for concrete.

The splices, post caps, plates, bolts, cutting fuse joints, and assembly will not be
measured but shall be included in the bid item “Galvanized Steel Post.”

F. Overhead Sign Structure, Various Truss Lengths. Overhead sign structures’
truss lengths as specified will be measured by the number of structures of each
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length complete in place. The inspection walk (mounting hardware, grating,
handrail, etc.) and hardware required for attaching of the inspection walk and as-
sembling the structure shall be included in the price bid to perform this work.

G. Overhead Sign Structures on Bridges. Overhead sign structures on bridges
will be measured by the number of structures in place. All hardware, supporting
structures attached to the bridge, inspection walk, and sign supporting structures
shall be included in the price bid to perform this work. The anchor bolts, nuts,
washers, and tighteningas specifiedhereinwill not bepaid for separatelybut shall
be included in the price bid “Class AE Concrete -- Sign Foundations.”

H. Reset Sign Panels.Thequantity to be paid forwill bemeasured by the number of
locations atwhich a sign, or a sign assembly, has been reset. Signs and assemblies
will be measured in place and accepted by the Engineer.

I. Reset Sign Supports.Thequantity tobepaid forwill bemeasuredby thenumber
of supports installed, complete, and accepted by the Engineer.

J. Removed Signs and Supports. Removed signs and supports will not be meas-
ured for payment, butwill be included in other bid items. Cost of removal shall be
included in the price bid for other items.

K. Remove Sign Foundations. The item “Remove Sign Foundations” will bemea-
sured by the number of foundations and H-piling footings removed. The quanti-
ties measured will be paid for at the Contract Unit Price, and will be full com-
pensation for all labor, equipment, andmaterial necessary to complete the remov-
al and disposal.

L. Revise Fuse Joint.The item“Revise Fuse Joint”will bemeasured by the number
of fuse joints revised.Thequantitiesmeasuredwill bepaid for at theContractUnit
Price and will be full compensation for all labor, equipment, and material neces-
sary to complete the work.

M. Overlay Panel.The item “Overlay Panel” will bemeasured by the square foot of
panel in place and accepted by theEngineer. The quantitiesmeasuredwill be paid
for at the Contract Unit Price and shall include all labor, equipment, andmaterial
needed to complete the work.

N. ResetMile Post. The item “Reset Mile Post” will be measured by the number of
locations atwhich amile post has been reset. The quantitiesmeasuredwill be paid
for at the contract price and shall be full compensation for all labor, equipment,
and material necessary to complete the work.

754.05 BASIS OF PAYMENT.

Payment will be made at Contract Unit Prices for the following:
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Pay Item Pay Unit
Flat Sheet for Signs, Type II, III A,
or III B Reflective Sheeting Square Foot

Panel for Signs - Type II, III A, or III B
Reflective Sheeting Square Foot

Extruded Aluminum Sign Panels Type III A,
and III B Reflective Sheeting Square Foot

Delineators, Type A, B, C, D, or E Each
Class AE Concrete -- Sign Foundations Cubic Yard
Overhead Sign Structure, Various Truss Lengths Each
Overhead Sign Structure on Bridges Each
Reset Sign Panels Each
Reset Sign Supports Each
Galvanized Steel Posts -- Telescoping Perforated

Tube Linear Foot
__Inch Galvanized Steel Post -- Standard Pipe Linear Foot
__Inch Galvanized Steel Posts -- W-Shaped

(two or more) Linear Foot
Remove Sign Foundations Each
Revise Fuse Joint Each
Overlay Panel Square Foot
Reset Mile Post Each

This payment will be full compensation for all labor, equipment, andmaterials neces-
sary to complete the work.

SECTION 762
PAVEMENT MARKING

762.01 DESCRIPTION.

This work consists of furnishing and installing specified pavement markings at the
designated locations.

762.02 MATERIALS.

Pavement Marking material shall meet the following:

Item Section
Pavement Marking Paint* 880.01
Glass Beads for Pavement Marking Paint 880.02
Plastic Pavement Marking Film* 880.03
Preformed Plastic Marking Film 880.04
Preformed Patterned Pavement Marking Film 880.05
Short-Term Pavement Marking
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Paint 880.06
Tape 880.06

Construction Zone Marking 880.07
Raised Pavement Markers 880.08
Epoxy Paint Pavement Marking 880.09

*Either “slow,” “medium,” or “fast dry” paint and either type of Plastic Marking Film may be used.

762.03 EQUIPMENT.

A. Paint Applicator.The equipment required to apply pavementmarking paint and
glass beads shall be a self-propelled, pneumatic sprayingmachinewith atomizing
nozzles capable of applying two4-inch to 8-inchwide lines at one time. The spray
mechanismshall be operated byquick opening and closingvalves. The applicator
shall apply the materials at a rate specified in an even and uniform thickness with
clearly defined edges. The applicator shall have reservoirs or tanks equippedwith
agitators that keep thematerial in a smooth, evenmixture. Tanks shall have suffi-
cient capacity to apply thematerials as specified.The applicator shall be equipped
with an automatic skip control device that applies a stripe of specified lengthwith
a linear tolerance of 3 inches. The applicator shall be equippedwith a guide boom
and be capable of retracing and applying materials to traffic markings in place.

Adequatehand-operatedequipment shall be required toplace thepavementmark-
ings on areas not readily accessible to the pavement marking applicator.

Themachine shall be equippedwith a glass bead dispenser adjusted and synchro-
nized with the paint applicator to distribute the reflectorizing spheres uniformly
on the painted line(s) using air pressure. The bead dispenser shall be equipped
with an automatic cutoff control, synchronizedwith the cutoff of the stripingma-
terial.

B. Grooving Equipment. The grooving equipment shall utilize diamond blades
mounted on a self propelledmachine designed for grinding a recess into the pave-
ment surface. The diamond blades shall be gangmounted on a floating headwith
controls capable of providing uniform depth and alignment. The grooving equip-
ment shall be capable of grooving a total width sufficient to install 4-inch wide
pavement marking tape in a single pass. The equipment shall not cause strain or
damage to the underlying surface of the pavement. Grooving equipment that
causes ravels, aggregate fractures, spalling, or disturbance of the joints shall not
be permitted.

762.04 CONSTRUCTION REQUIREMENTS.

A. General.Aproject layout of the pavement striping andmarking shall be prepared
and submitted to theEngineer for approval 48 hours before any installationwork.
Type F paint shall be used for all painted centerline pavementmarking, other than
short-term pavement marking.

B. Pavement Surface Preparation.

1. General.The pavement surface in the areawheremarkings are to be applied
shall becleananddry.Foreignmaterials, (i.e., dirt, petroleumproducts, paint,
and curing compound) shall be removed from the pavement surface before
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applying pavement marking. The amount of pavement moisture shall be
testedby tapinga12-inchby12-inch (approximate) sheetof transparentplas-
tic film, similar to “SaranWrap,” to the pavement. If moisture condenses on
the pavement side of the filmwithin 15minutes, the pavementmust be dried
before installing pavement markings. The moisture test will not be required
when water-based pavement marking paint is used.

2. Plastic Pavement Marking Film. The pavement surface shall be cleaned
by sandblasting, power water spray, grinding, wire brushing, brooming,
compressed air, or other methods to the satisfaction of the Engineer. New
Portland Cement concrete that has curing compound on it shall be sand-
blasted.Costs associatedwith the requiredcleaning shall be included i thebid
item“PlasticPavementMarkingFilm.” If short-termorpermanentpavement
marking is encountered, removal will be paid for at the Contract Unit Price
bid forObliteration of PavementMarking.When no bid item is provided, the
cost of removing the pavement marking will be paid for under Section
104.03.

3. Preformed Patterned Pavement Marking Film. The preformed marking
shall be capableof being adhered to asphalt concrete byapre-coatedpressure
sensitive adhesive. A primer may be used to precondition the pavement sur-
face.

4. Pavement Marking Paint. If theEngineer requires a cleaningmethodother
than air pressure, the cost of cleaning will be paid for under Section
104.03.

5. Short-TermPavementMarking.Short-termpavementmarking shall be an
application of pavement marking paint, pavement marking tape, or raised
pavementmarkers. The surface preparation for application of the short-term
pavement marking shall be the same as that required for permanent striping.

6. Grooved Pavement Markings.When specified in the Plans, the pavement
surface shall be grooved to make a recess in the pavement surface for the
pavement marking film. The groove shall meet the following tolerances:

Depth 100 mils ±10 mils
Smoothness ridges, within the groove, be

no more than 6 mils higher
than either adjacent valley

Width line width plus 1/2 inch
Length line length plus 3 inches

per end of line
Line End Tapers 3 inches

For messages, the area grooved shall be the same area as the messages.
Grooving a rectangular area to contain the message will not be allowed.
Grooving shall meet the depth requirements specified above.

After grinding, the grooved slot shall be blown clean to remove any residue
and loose materials prior to the installation of the pavement marking. When
wet-grinding, the grooved slot shall immediately be pressure washed to re-
move residue. If necessary, thegroovedslot shall beblownclean just aheadof
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the pavementmarking installation. Thepavementmarkings shall be installed
onacleandry surfacewithin24hoursof the initial grinding. If pavementmark-
ing installation does not occur within 24 hours of the initial grinding, the
groove shall be sandblasted and blown clean to remove any dirt, oil, loosema-
terial, or other contaminate prior to the installation of the pavement marking.

The pavementmarking film shall be installed as specified inSection 762.04D.

C. Traffic Control.

1. Signing. The Contractor shall erect and maintain sufficient devices (cones,
signs, barricades) to protect the work area from traffic interference, tracking
on or damage to the cleaned pavement, and the newly applied markings. All
devices used to divert traffic from the work zone shall be designed to resist
displacement by wind.

2. Traffic Movement. Traffic shall be maintained through the work area at all
times according to the traffic control plan and Section 704. Flagpersons shall
be furnished when required.

Two-way traffic shall be maintained on two-lane roadways, and 1/2 of the
roadway shall be open to traffic on multi-laned roadways at all times. The
cost to furnish, erect, andmaintain cones, signs, and barricades including the
cost for flagging and shadow vehicles, shall be included in the cost of pave-
ment marking.

PROTECTION VEHICLE WITH TRUCK MOUNTED ATTENUATION
DEVICE (TMA):

A protection (shadow) vehiclewith a truckmounted attenuation device shall
be provided by the contractor to protect personnel and equipment fromdam-
age during mobile operations. The protection (shadow) vehicle will not be
required on construction projects when the advance warning signs are in
place.

Truck-mounted attenuation device shall meet the test requirements of
NCHRP Report 350 test level TL-3.

Theprotectionvehicle equippedwith theTMAshall have aminimumweight
of10,000 poundsor theminimumweight recommendedby themanufacturer
of the TMA.

The protection vehicle shall be equipped with seat and shoulder belts along
with a head cushion.

Theprotectionvehicle shall have an advancewarning flashing or sequencing
arrow panel conforming to Section 704.02 M and the Manual on Uniform
Traffic Control Devices.

The positioning of the protection vehicle with the TMA in relation to
construction activities will be as shown in the Plans.

The cost of furnishing the protection vehicle with the TMA shall not be bid
separately, but shall be included in the price bid for the item “Pavement
Markings.”
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3. Time Period for Control. Necessary traffic control devices shall be prop-
erly placed and in operation before construction is allowed to start. The de-
vices shall be kept current and placed only in the areas of actual work activi-
ties. Traffic control devices shall be kept in place until the Engineer approves
their removal after the pavement marking has dried, and is determined to be
ready for traffic.

4. Operational Precautions. Equipment shall not be prepared, filled, or
cleaned, nor shall any equipment ormaterial be stored on the roadway. These
operations shall be conducted off the pavement without interfering with or
endangering traffic according to Section 107.05 A.

D. Pavement Marking Application.

1. Pavement Marking Paint and Glass Beads.

a. Method of Application. Pavement marking paint and glass beads shall
be applied separatelybymachine.Wheremachine application in anodd-
shaped area is not feasible, hand application is permitted.

b. Application Dates and Temperatures. Pavement marking paint and
beads (except for temporary stripe) shall not be appliedbeforeMay1nor
after October 1 except upon written permission of the Engineer. Pave-
mentmarkingpaint shall be appliedonlyduringdaylight hourswhen the
air and pavement surface temperatures are 40°F. orwarmerwhen apply-
ing solvent based paint or 45°F. or warmer when applying water based
paint. The paint shall not be applied when the air and pavement surface
temperatures are expected or forecasted to be colder (lower) than the
minimum application temperature.

New asphalt pavement shall be allowed to cool to a maximum tempera-
ture of 125°F. and be given aminimum curing period of four hours prior
to applying permanent striping.

c. Rate of Application. One gallon of paint shall cover a 4-inch wide
stripe for a length of 280 to 320 feet, depending upon pavement surface
texture. Short-term pavement markings shall have a thickness of 8 mils
wet when permanent marking is epoxy paint. The paint shall not be di-
luted, but a small amount of naphtha thinner may be used to flush out
paint containers. Glass beads shall be evenly distributed over the wet
paint stripe at a rate of at least 6poundsper gallonof paint.Beads shall be
appliedusinganautomaticpressuredispenser. If theapplication ratesare
not within the requirements, the marking application shall be stopped
until corrections are made.

d. Short-Term Pavement Marking. Pavement marking paint and beads
applied as short-term pavement marking shall be applied only during
daylight hours.Application shall bemade in a4-inchwidthanda10-foot
length with unpainted gaps of 30 feet. The no-passing zone markings
shall be made in a 4-inch width and a length as required to cover the no-
passing zones. Thepaint andbeads shall be applied as required and at the
rate specified in Section 762.04 D.1.c. Short-term pavement marking
applied to the center line shall be applied to the full length of the bitumi-
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nous course andmilled surface before sunset on the sameday thework is
accomplished. Pavingormillingoperations shall not resume if the short-
term pavement marking has not been replaced as required.

On the final lift, new asphalt pavements shall be allowed to cool to a
maximum temperature of 125°F. before applying short-term pavement
marking paint.

Short-term pavement marking on the top lift shall be carefully placed
with exact alignment and spacing so that the permanent striping will
match when applied. Errors in alignment and spacing shall be corrected
at theContractor’s expense, or removed just before the installationof the
permanent striping.

When Type NR (Not Easily Removable) short-term pavement marking
is specified, pavement marking paint and beads may be used in lieu of
Type NR construction zone marking film.

e. Short-Term Pavement Marking -- Seal Coat Projects. Short-term
pavementmarking for seal coat projects shall consist of pavementmark-
ing paint and beads. Before sealing operations, spotting tabs shall be in-
stalled every200 feet along the centerline and tabs shall alsobeplaced to
mark the beginning and end of the no-passing zones. The spotting tabs
shall be removedbycutting the tabs flushwith the roadwaysurface.Tabs
shall not be pulled out. The cost of the spotting tabs and their installation
and removal shall be included in the bid item “Short-Term Pavement
Marking.”

The short-term pavement marking shall be applied before sunset each
day to the full length of the roadway that received the bitumen and cover
coat material that day. Seal coat operations shall not resume if the short-
term pavement marking is not in place as required. The broken line at
centerline of two-lane, two-way roadways (yellow) or between lanes of
multi-laned roadways (white) shall be 4 inches wide and 10 feet long
followed by a 30-foot unpainted gap. The solid line barrier stripe (yel-
low) in no-passing zones shall be 4 inches wide, and the length shall be
that required to cover the entire no-passing zone. Before applying the
paint andbeads, the areas to receive the striping shallbe lightlybroomed.

If the in-place short-term pavement marking has become obscured and
has lost its required visibility due to being covered, or partially covered,
by cover coat or blotter material, thematerial shall be removed from the
striped areas by light brooming or compressed air before sunset. Dam-
age to the cover coatmaterial and striping resulting fromthe removal op-
eration shall be corrected at the Contractor’s expense.

The short-term pavement marking shall be carefully placed with exact
alignment and spacing so that the permanent stripingmatches when ap-
plied. Errors in alignment and spacing shall be corrected at the Contrac-
tor’s expense.

One gallon of paint shall cover a 4-inchwide stripe for a length of 200 to
240 feet, asdirectedby theEngineer.Glassbeads shall be evenlydistrib-
uted over thewet paint at the rate of at least 6 pounds per gallon of paint.
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f. Tolerances.

(1) The length of the painted stripe shall not varymore than plus or mi-
nus 3 inches from the prescribed length.

(2) The width of the painted stripe shall not vary more than plus or mi-
nus 1/2 inch from the prescribed width.

(3) The length of the painted segment and gap shall not varymore than
6 inches in a 40-foot cycle.

(4) The tolerance from the proper alignment shall not vary more than
plus or minus 2 inches.

(5) Dashed lines that are painted over existing dashed lines shall begin
within 6 inches of the beginning of the existing line, unless other-
wise directed by the Engineer.

2. Plastic Pavement Marking Film.

a. General. Plastic pavement marking film applied as a permanent pave-
mentmarking shall not be applied before June 1nor after September 1of
any year. The permanent marking film shall not be applied when the
pavement surface temperature is 50°F. or colder, nor shall the film be
placed over painted markings. The pavement surface and the marking
film shall be prepared for installation as required for the type of film
used. The film shall be lap or butt spliced when required to join
two lengths of film, and the film shall be cut at open joints or cracks in
the pavement. The cut ends shall be firmly tamped in place.

b. Plastic Pavement Marking Film Application. Application of plastic
pavementmarking film,whetherbycontact cementormechanical appli-
cation, shall be made using the manufacturer’s recommendation.

c. Plastic Pavement Marking Film Rolled in Hot Asphalt. The plastic
pavement marking shall be rolled into the hot asphalt surface. The con-
tractor shall arrange to have the plastic pavementmarkingsplacedon the
hot asphalt in the position shown on the plans at the time of final asphalt
rolling operations. The plastic pavement markings shall receive at least
one rolling. The requirements not allowing installation prior to June 1 or
after September 1 will not apply. The temperature of the hot asphalt
pavement during application shall be as specified by the manufacturer.
The cost of placing and rolling the pavement markings into the hot as-
phalt pavement shall be included in the price bid for the item “Plastic
Pavement Marking Film Line or Message.”

d. Short-Term Pavement Marking. Pavement marking tape applied as
short-term pavement marking shall conform with the requirement for
application of pavement marking tape. The tape shall be applied on the
center line in a 4-inch width and a 10-foot length with a gap of 30 feet.
Short TermType R and Short TermTypeR-WR shall be installedwhere
air and pavement temperatures are 50°F and are expected to remain at or
continue to increase above 50°F. If either temperature falls below 50°F,
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short-term paint shall be substituted and paid for as “Short Term IN
Line -- Type NR.” Removal of the paint will be paid for as “Obliteration
of PvmtMk.” The short-term paint substitution shall cease and installa-
tion of “Short Term IN Line -- Type NR” shall proceed as soon as air
and pavement temperatures reach 50°F. The no-passing zone markings
shall be made in a 4-inch width and a length, as required, to cover the
no-passing zone. The short-term pavement marking shall be applied to
the full length of the bituminous pavement and milled surface placed
each day, and shall be completed before sunset each day. Paving and
milling operations shall not resume if the striping is not in place as re-
quired.

Type R--Removal Retroreflective Film, Type R--WR--Removable Wet
Reflective Film, and Type NR Retroreflective Pavement Striping (not
easily removed) construction zone marking film shall be applied where
specified. The film required shall be applied as specified for pavement
marking film.

The Contractor shall remove the Type R or Type R--WR construction
zonemarking filmwhen required in theContract or directedby theEngi-
neer.

Pavement marking paint with beads may be used in lieu of Type NR
construction zone marking film for short-term pavement marking.

3. Preformed Patterned Pavement Marking Film.

a. General. Preformed Patterned pavement marking film applied as a per-
manent pavement marking shall not be applied before June 1 nor after
September 1 of any year. The permanent marking film shall not be ap-
pliedwhen thepavement surface temperature is50°F. or colder, nor shall
the filmbe placed over paintedmarkings. The pavement surface shall be
prepared for installation as required by the manufacturer. The film shall
be lap or butt spliced when required to join two lengths of film, and the
film shall be cut at open joints or cracks in the pavement. The cut ends
shall be firmly tamped in place.

b. Preformed Patterned Pavement Marking Film Application.Appli-
cationofpreformedpatternedpavementmarking filmshall beaccording
to the manufacturer’s recommendation.

c. Preformed Patterned Pavement Marking Film Rolled in Hot As-
phalt. The Contractor shall provide Preformed Patterned Pavement
Marking Film for longitudinal lines and messages. The preformed pat-
ternedpavementmarking shall be rolled into the hot asphalt surface.The
Contractor shall arrange to have the preformed patterned pavement
markings placed on the hot asphalt in the position shown on the plans at
the time of the final rolling operations. The preformed patterned pave-
mentmarkings shall be rolled at least twice. The requirements not allow-
ing installation prior to June1 or after September 1 will not apply. The
temperature of the hot asphalt pavement during application shall be as
specified by the manufacturer. The cost of placing and rolling the pave-
ment markings into the hot asphalt pavement shall be included in the
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price bid for the item “Preformed Patterned Pavement Marking Line or
Message.”

4. Pavement Marking Sheeting (Pressure Sensitive). This marking shall be
applied as required in the Contract or by hand or mechanical methods to a
pavement surfacepreparedas required for all pavementmarking.Thedeline-
ated position on the pavement surface shall be primed using the sheeting
manufacturer’s recommendations. The primed surface shall be air dried for
one to two minutes before applying the sheeting. Mechanical application
conforming to the sheeting manufacturer’s recommendations shall be used,
unless machine application is impractical. Sheeting shall be inlaid into the
pavement by roller when the pavement is warm enough to accept the pave-
ment marking sheeting without damaging the sheeting.

5. Raised Pavement Markers. Raised pavement markers shall be reflec-
torized. Broken lane lines and center lines on two-lane two-way roadways
shall consist of fourmarkerson3.33-foot centerswith a30-foot gap.Markers
used for solid lines shall be spacedon5-foot centers.Raisedpavementmarkers
used indouble solid lines shall beplaced sideby side separatedbya4-inchgap.

New concrete pavement (pavement that has had no traffic over it for awinter
season) shall have markers placed on 5-foot centers for all solid lines.

6. Epoxy Paint and Glass Beads.

a. Description. The work shall consist of furnishing and installing reflec-
torized white and yellow two-component, 100 percent solids epoxy
pavement markings. Applications are lines, legends, symbols, cross-
walksandstop linesplaced inaccordancewith thePlansor asdirectedby
theEngineer.Upon curing, thematerials produce pavementmarkings of
specified thickness,widthand retroreflectivity that resistwear fromhigh
traffic volumes for several years. During darkness and weather permit-
ting, yellow markings shall be readily distinguishable from white mark-
ings.

b. General. Pavementmarkings shall be placed in accordancewith the de-
tails shown in the Plans and the control points established by the Engi-
neer.

Pavement surfaces, upon which epoxymarkings are to be applied, shall
be cleaned as per the manufacturer’s recommendation at the discretion
of the Engineer.

New Portland Cement Concrete surfaces and existing pavement mark-
ings shall be cleaned by sandblasting, shotblasting, grinding, or water-
blasting to remove all surface treatments, laitance, or existing pavement
markings to the satisfaction of the Engineer and manufacturer’s recom-
mendations.

Bituminous seal coatsmust be completely cured and free of loose aggre-
gate. All pavements shall be brushedwith a rotary broom (nonmetallic).
Additional cleaning may be required to provide a surface that is free of
oil, grease, mud, dirt, existing markings that may be loose, dust, and
other deleteriousmaterial prior to the applicationof the epoxymarkings.
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Existing epoxy pavementmarkings shall be sandblasted, shotblasted, or
ground to remove a sufficient amount of the existing epoxy marking to
provide a clean, rough surface for the application of new epoxy
markings.

When permanent pavement markings are to be epoxy paint, and short-
term pavement marking paint is used, the paint shall be applied at a rate
of 10 mils. Glass beads shall be applied at a rate of 6 pounds/gallon. re-
moval of the 10mils layer of short-termpavementmarkings shall not be
required prior to placing the epoxy paint.

If the roadway surface is dry, the epoxymaterial application shall imme-
diately follow the pavement cleaning and be preceded by an air blast.
However, markings shall not be applied when the wind or other condi-
tions cause a film of dust to be deposited on the pavement surface before
the material can be applied.

TheEngineerwill placenecessary spotting at appropriate points asover-
all horizontal control for striping and to indicate necessary starting and
cutoff points. Broken line intervals will not be marked. Longitudinal
joints, pavement edges, and existing markings shall serve as control
points when so directed.

The epoxy pavement marking material will be applied at a thickness of
20 mils on new concrete surfaces and 20 mils on new asphalt surfaces
(calculatedwithout drop on glass beads). Theminimum line width shall
be its nominal width with 1/4 inch greater than the nominal width al-
lowed provided the variation is gradual and does not detract from the
general appearance. Broken line segments, normally 10 feet every 40
feet,mayvaryup to3 inches fromthespecified lengthsprovided theover
and under variations are reasonably compensatory. Alignment devi-
ations from the control guide shall not exceed 2 inches, except when ap-
proved by theEngineer.Material shall not be applied over a longitudinal
joint. Establishment of application tolerances shall not relieve the Con-
tractor of his responsibility to comply as closely as practicable with the
planned dimensions.

c. Spraying Operation. Placement of epoxy materials shall be permitted
only on a clean, dry pavement surface and air and pavement tempera-
tures at least 50_F. A lower temperaturemay be allowed if themanufac-
turer, in writing, approves a lower temperature and warranties the
adhesion of the epoxy to the pavement for a minimum of one year.

Glass beads shall be applied immediately after the placement of the
epoxy.Thedispenser systemmust deliver at least 25poundsof beadsper
gallonof epoxymaterial.TheContractor shall cooperatewith inspection
personnel in reviewing operation of the equipment, safety precautions,
measurement ofmaterials (components and beads), computations to de-
termine epoxy thickness, and notifications as to work schedule.

Type II epoxy material shall be used for epoxy pavement markings ex-
cept when Type I is specified on the Plans.
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Traffic control for the pavementmarking operations shall be in substan-
tial conformance with the MUTCD. A shadow vehicle with a truck-
mounted attenuator shall be used on high speed [SPEED LIMIT (40
mph) and greater], high volume (ADT 1,500 and greater) highways.

E. Inspection and Acceptance.

1. General.Markings that are discolored, damaged by wind-blown dirt, or are
ineffective at night will be rejected. Unsightly markings with uneven edge
lines, poor longitudinal alignment, uneven adherence, missing portions, or
other objectionable faults will be rejected. All rejected markings shall be re-
paired, or removed and replaced at the Contractor’s expense.

2. Maintenance of Short-Term PavementMarkings. Short-Term Pavement
Markings used on the Project will be rated according to theAmericanTraffic
Safety Services Association’s (ATSSA) Quality Standards for Work Zone
Traffic Control Devices. The definition of “acceptable,” “marginal,” and
“unacceptable” and the evaluation guidelines shall be as defined inATSSA’s
Quality Standards for Work Zone Traffic Control Devices.

At the timeof initial set up andmajor phase changes, 100percent of each type
of short-term pavement marking (painted, tape, raisedmarker) shall be clas-
sified as acceptable. The contractor shall certify in writing to the Engineer
that all short-term pavement markings installed are classified as acceptable.

The amount of acceptable markings of each type may decrease to the limits
defined in theATSSA standards as a result of damage or deterioration during
the course of work. Pavement markings evaluated as unacceptable shall be
replaced within 12 hours.

Raised PavementMarkers shall be cleaned as necessary to remove dirt,mud,
or other foreign material which reduces the brightness of the reflectorized
sheeting.

All markings no longer required shall be removed immediately.

3. PayAdjustment forShort-TermPavementMarkings. If the Project is not
completed and extends into winter suspension, the Engineer will inspect the
markings before suspending the Contract; and any unacceptable markings
shall be repaired before the Contractor is relieved of further liability.

If the Contract must be carried through the winter due to Contractor-caused
delays,markings shall bemaintained throughoutwinter suspensionby andat
the Contractor’s expense.

During themaintenanceperiod,markingswhicharenot functioningproperly
shall be replaced by and at the Contractor’s expense. Failure to make these
repairs will result in a reduced pay factor for the markings according to the
following schedule:

% of Ineffective Striping Pay Factor

10-20%/mile, and not more than 200 L. Ft. 50% of Bid Price
of markings missing in one continuous stretch for that mile
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Over 20%/mile, or more than 200 L. Ft. of No payment for
markings missing in one continuous stretch that mile

Nodeductionwill bemade formarkings lost due to abrasion at approachesor
due to snow removal equipment.

All markings no longer required shall be removed immediately.

4. Acceptance of Epoxy Paint Pavement Marking.

Upon initial inspection, as specified below, epoxy pavement marking shall
demonstrate satisfactory retroreflectivity, good adhesion (resisting chip-
ping), and proper daytime and nighttime colors.

a. Retroreflectivity.

(1) Acceptable Minimum Retroreflectivity Values.

MINIMUM AVERAGE RETROREFLECTIVITY VALUES
FOR EPOXY PAVEMENT MARKING

(mcd/m2/lux)

Period White Yellow
Initial* 275 180

*At least two weeks after date of marking placement.

(2) Retroreflectometers. Measurements shall be taken with either a
portable or mobile retroreflectometer conforming to 30-meter ge-
ometry which is defined as: the entrance angle (the angle between
the illumination axis and the retroreflector axis) shall fall between
88.50 degrees and 88.76 degrees and the observation angle (the
angle between the illumination axis and the observation axis) shall
fall between 1.0 degrees and 1.05 degrees; and, the co-viewing
angle (the complementof theentranceangle) shall fall between2.29
degrees and 2.50 degrees. All retroreflectivity readings and data
analysis will be provided by the Department at no cost to the Con-
tractor. the Department reserves the right to:

S make daytime and/or nighttime visual inspectionwith or with-
out the presence of the Contractor’s representative, mainly to
locate obvious or suspect areas of deficiency, and

S determine retroreflectivity of symbols, legends and lineswider
than 200 mm (8 inches) using the portable retroreflectometer
only.

(3) Test Segments. The following methodology will be used to evalu-
ate retroreflectivity performance of in-service longitudinal line
pavement markings:

(a) Portable Retroreflectometer
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1) The roadway1 shall be divided into consecutive test seg-
ments2. A test segment is defined as twomiles in length.A
test segment shall have one test location per line type.3

2) For each type of solid line, the number of readings per test
location are as follows:

Roadway 0--15 miles in length: five reading per test loca-
tion
Roadway>15miles in length: three readings per test loca-
tion

3) For solid lines, take readings 5 feet apart.

4) For broken lines (skip lines), test two lines per test loca-
tion. Take two readings from each line. Take readings 30
inches from each end of the line.

5) For 10 percent of eachmessage type, take five readings on
each message line; for 10 percent of each symbol type,
take five readings on each symbol.

6) Upon completion of the evaluation, regardless of the re-
sults, additional test segmentsmaybeorderedby theEngi-
neer.

1Roadway: As used here, means that portion of a street or highway ordinarily used
for vehicular traffic. In the event a street or highway includes two or more separate
roadways, the term roadway shall refer to each roadway separately.

2Test Segments: Areas of a roadway chosen for measuring retroreflectivity of the
line types.

3Line Type: Longitudinal lines of the same color and function. For example, white
and yellow edge lines are each a line type.

(b) Mobile Retroreflectometer

1) Calibration of the instruments shall be in accordance with
the manufacturer’s instructions.

2) Retroreflectivity shall be measured at a minimum rate of
20 percent of each test segment by line type.

3) Should anothermobile unit be available, themaximumac-
ceptable deviation formeasurementsmade by the two dif-
ferent instruments of the same manufacturer and for the
same roadway length shall be 10 percent.

4) Repeatability for the given mobile unit shall be 6 per-
cent.

5) Upon completion of the evaluation, regardless of the re-
sults, additional test segmentsmaybeorderedby theEngi-
neer.
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(c) Miscellaneous Controls

1) Take measurements on a clean, dry roadway.

2) Collect data in direction of traffic flow.

3) Measurement units are: mcd/m2/lux.

4) Randomly select test locations within a segment unless
night reviews or other knowledge supersedes a random
selection process.

5) Measure each line type separately.

6) The Engineer may request additional readings or test seg-
ments.

7) In the event LASERLUX is not available, the Engineer
may require the use of the portable retroreflectometer or
establish an alternative evaluation plan.

(4) Contents of Retroreflectivity Report.

(a) The report shall consist of:

1) State Project number.

2) Trunk Highway number.

3) Test date.

4) Geographical location of the readings, including distance
from the nearest permanent site identification, such as a
reference point.

5) Identification of the pavement marking material tested:
type, color, age, and transverse location on the road.

6) Identification of the retroreflectometer.

7) Remarks concerning theoverall conditionof the line,mes-
sagesandsymbols suchascarryoverofasphalt, snowplow
damage, uneven distribution of beads, etc.

8) Average of the readings for each test segment with one
standard deviation calculated.

9) Average of the readings for each message and symbol
type.

b. Correction of Defects/Penalties.

(1) All pavement markings not conforming to the requirements of the
Contract shall be removed and replaced or otherwise repaired to the
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satisfactionof theEngineer.Removal of unacceptablework shall be
accomplished with suitable blasting or grinding equipment unless
other means are authorized by the Engineer.

(2) Where yield computations show a deficiency in material usage of
not more than 20 percent, the Department may require satisfactory
repair or may accept the work at a reduced unit price which is in di-
rect proportion to the percent of the deficiency.Where the deficien-
cy in material usage exceeds 20 percent, the Department may re-
quire removal and replacement to the satisfaction of the Engineer
unless other means are approved by the Engineer.

(3) If the Engineer requires removal and replacement, the contractor
shall remove (by an approved process) at least 90 percent of the de-
ficient line, with no excessive scarring of the existing pavement.
The removal width shall be one inch wider all around the nominal
width of the pavement marking to be removed.

(4) Where retroreflectivity falls below theminimum acceptable levels,
but notmore than 20 percent, the Engineermay require satisfactory
repair or may accept the work at a reduced unit price which is in
direct proportion to the percent of the deficiency. Where the defi-
ciency in retroreflectivity exceeds 20 percent (i.e. less than 220
mcd/m2/lux for white and 144 mcd/m2/lux for yellow), the Engi-
neer may require the removal and replacement to the satisfaction of
the Engineer unless other means are approved by the Engineer.

(5) If this process has to be repeated on several projects with either the
same contractor and/or manufacturer(s), the Department will take
corrective action. This corrective action will be a two step process:

Step 1: Pavement marking contractor/manufacturer(s) will be consid-
ered not approved for Department projects, except to bring
workmanship/product back into compliance.

Step 2: If the first step cannot be attained, pavement marking contrac-
tor/manufacturer(s) will not be allowed to participate in De-
partment projects.

762.05 METHOD OF MEASUREMENT.

A. Pavement Marking-Painted Line. This item will be measured by the Linear
Foot of the various widths of painted line, complete, in place, and accepted. Only
the painted portion of broken lineswill bemeasured. PavementMarking-Painted
Messages will be measured by the square footage shown on the Plans, in place,
and accepted by the Engineer.

B. Plastic Pavement Marking Film, Pavement Marking Sheeting, and Pre-
formed Patterned PavementMarking Film.This itemwill bemeasured by the
Linear Foot of the various widths of installed line, complete, in place, and ac-
cepted.Only the installed portionof broken lineswill bemeasured.Messageswill
be measured by the square footage shown on the Plans, in place, and accepted by
the Engineer.
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C. Short-Term Pavement Markings.

1. Short Term -- -Inch Line (Painted, Tape, or Raised Markers). This
item will be measured by the linear foot in place. The longitudinal gaps will
not bemeasured. If raised pavementmarkers are used, the length ofmeasure-
ment will be the length of a pavement line that would exist if paint had been
installed.

2. Short Term -- -Inch Line, Type R. This item will be measured by the
linear foot in place.

3. Short Term -- -Inch Line, Type R--WR. This item will be measured by
the linear foot in place.

4. Short Term -- -Inch Line, Type NR. This item will be measured by the
linear foot in place.

5. Short Term -- Message, Type R. This item will be the square footage as
shown on the Plans in place.

6. ShortTerm --Message,TypeR--WR.This itemwill be the square footageas
shown on the Plans in place.

7. Short Term -- Message, Type NR. This item will be the square footage as
shown on the Plans in place.

D. Raised Pavement Markers. This item will be measured by the individual unit
(Each) complete and in place.

E. Obliteration of Pavement Marking. This item will be measured by the square
foot of pavement marking removed. Overlaps used when covering existing
markings shall not be paid for.

F. Grooved Pavement Markings.

1. Preformed Patterned PavementMarking -- __ inch line (Grooved). Pre-
formed Patterned Pavement Marking -- __ inch line (Grooved) will be mea-
sured by the linear foot of the variouswidths of line installed and accepted by
the Engineer.

2. Preformed Patterned Pavement Marking -- Message (Grooved). Pre-
formed Patterned Pavement Marking—Message (Grooved) will be mea-
sured by the square footage of pavement marking message installed and ac-
cepted by the Engineer.

G. EpoxyPaint PavementMarking -- __InchLine. This itemwill bemeasured by
the Linear Foot of the various widths of installed line, complete, in place, and ac-
cepted. Only marked portions of broken lines will be measured.

H. EpoxyPaintPavementMarking --Messages.This itemwill bemeasuredby the
square footage shown on the Plans, in place, and accepted by the Engineer.

762.06 BASIS OF PAYMENT.

Payment will be made at the Contract Unit Price for the following:
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Pay Item Pay Unit
Pavement Marking Painted - INCH LINE Linear Foot
Pavement Marking Painted -- Message Square Foot
Plastic Pavement Marking Film - INCH LINE Linear Foot
Plastic Pavement Marking Film -- Message Square Foot
Preformed Patterned Pavement Marking - INCH LINE Linear Foot
Preformed Patterned Pavement Marking -- Message Square Foot
Pavement Marking Sheeting - INCH LINE Linear Foot
Pavement Marking Sheeting -- Message Square Foot
Short Term -- -INCH LINE (Painted, Tape, or Raised Markers) Linear Foot
Short Term -- -INCH LINE, Type R Linear Foot
Short Term -- -INCH LINE, Type R--WR Linear Foot
Short Term -- -INCH LINE, Type NR Linear Foot
Short Term -- Message, Type R Square Foot
Short Term -- Message, Type R--WR Linear Foot
Short Term -- Message, Type NR Square Foot
Short Term -- Painted Line (Seal Jobs) Linear Foot
Raised Pavement Markers Each
Obliteration of Pavement Marking Square Foot
Preformed Patterned Pvmt. Marking -- __ INCH LINE (Grooved) Linear Foot
Preformed Patterned Pvmt. Marking -- Message (Grooved) Square Foot
Preformed Plastic -- -INCH LINE Linear Foot
Epoxy Paint Pavement Markings -- INCH LINE Linear Foot
Epoxy Paint Pavement Marking -- Message Square Foot

This payment will be full compensation for all labor, equipment, andmaterials neces-
sary to complete the work.

The price bid for TypeRmarking film shall include the cost of installation and removal.

SECTION 764
GUARDRAIL

764.01 DESCRIPTION.

This work consists of installing, removing, and resetting guardrail and box beamme-
dian barrier.

764.02 MATERIALS.

Materials shall meet the following:

Item Section
Concrete, Class AE 802
Reinforcing Steel 836.02 A
Cable Guardrail, Wire Rope, and Fittings 862.02



507

764.03 A

W-Beam Guardrail, Guardrail Units, and Fittings 862.03
Treated Wood Guardrail Posts 862.04
Steel Guardrail Posts 862.05
Box Beam 862.06

764.03 CONSTRUCTION REQUIREMENTS.

A. General. The guardrail shall be installed to produce a smooth continuous line
with uniform height.

Guardrail posts shall be installed where staked and to the depth specified. Posts
shall be set plumb with the front faces uniformly aligned.

Postsmaybedrivenusing a suitable head toprevent damage to the post.Damaged
posts shall be replaced at the Contractor’s expense. The post being replaced shall
be installed by drilling. A post capmust be usedwhenminor vertical adjustments
are made using a sledgehammer or maul.

Whenposts are installed in auguredor dugholes, theholes shall bebackfilledwith
approvedmaterial and the surplus excavatedmaterial disposed of at locations ac-
ceptable to theEngineer.Thebackfill shall beplacedandcompacted in8-inch lay-
ers, using a mechanical tamper with an appropriate sized tamping head without
displacing the post alignment.

Drilling post holes in pavement shall be done without damage to the surrounding
pavement. The proposed drillingmethod and equipment shall be approved by the
Engineer before work is begun. Backfill shall be as described above except that
the final 8 inches of backfill shall be bituminous material approved by the Engi-
neer.

Underground utilities or structures shall not be damaged when installing posts or
anchor units.Anydamage toutilities or structures shall be repaired at theContrac-
tor’s expense according to Section 105.03.

Concrete pedestals shall be cast in place.

No burning or weldingwill be permitted in the field or after thematerial has been
galvanized. Only drilling will be allowed on the work site.

Galvanized surface that has been damaged in transporting, handling, or erecting
shall be repaired at the Contractor’s expense. The damaged area shall be thor-
oughly cleanedbywirebrushingandpaintedwith twocoatsofmatchingzinc-rich
paint.

All bolts andnuts, except adjustment bolts, shall bedrawn tight.Bolts shall extend
at least 1/4 inch but no more than 1 inch beyond the nuts.

Guardrailmaterials laidout along the shoulder at thework site andnot installedby
the end of the work day, shall be removed according to Section 107.05 A. Post
end, beam, and end terminal sections shall be erected in a continuous operation
within each individual runof guardrail and each individual run shall be completed
the sameday. Incomplete guardrail installation shall bemarkedbyvertical panels,
drums, and reflectorized plates at a 50-foot maximum spacing.
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Reflectorized plates shall be new and shall be furnished and installed as shown in
the Contract.

On projects where the roadway will be open to traffic during construction, delin-
eator drums shall be installed at 25-foot intervals adjacent to the work site at each
location where existing guardrail is removed, or where no guardrail previously
existed, or at guardrail extensions. The delineator drums shall remain in place un-
til the installation of the guardrail at that location is complete and accepted by the
Engineer.

Parking of equipment and vehicles, and the storage of materials, shall meet Sec-
tion 107.05 A.

At bridge connections, the attachment brackets shall be fabricated so the attach-
ment bolt holes can be field drilled to fit the in-place bridge posts and rails. All rail
shall be fielddrilled for connection toattachmentbrackets and furnishedwithnec-
essary shims to meet alignment requirements.

B. Cable Guardrail.Cable guardrail shall be erected to obtain a smooth continuous
taut rail.

All cable slack shall be eliminated by over-tensioning the cable asmuch as possi-
ble and then backing off to the required tension.

The railwill have reached the required tensionwhen thecablewill deflect nomore
than 5 inches in a 12-1/2-foot span under a central load of:

200 pounds when the temperature is 100°F.
220 pounds when the temperature is 80°F.
240 pounds when the temperature is 60°F
260 pounds when the temperature is 40°F

The tension shall be the same in all cables and throughout the length of the rail.

Intermediate anchors shall be spaced at intervals not to exceed 1,000 feet on tan-
gents andoutside of horizontal curves. Cable shall not be installed on the inside of
curves sharper than 4 degrees.On the inside of curves at 4 degrees or flatter, inter-
mediate anchors shall be spaced at intervals shown on the Standard Drawings.

Concrete bearingblocksmaybeprecast or cast inplace.Concrete anchors shall be
cast in place and the earth surrounding the anchor shall not be disturbed.

At all locationswhere cable is connected to a cable socketwith awedge-type con-
nection, one wire of the wire rope shall be crimped over the base of the wedge to
hold it firmly in place.

C. W-Beam Guardrail.The rail sections shall be joined so the splices are lapped to
flow in the direction of the traffic nearest the guardrail. Plate ends in lap splices
shall make contact throughout the entire area of the splice.

Amanufacturer’s representative shall be available, as needed, for the installation
of the guardrail end treatments. The Contractor shall furnish three copies of the
installation instructions anddrawingsof the guardrail end terminals to theDistrict
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Engineer. One copy is for the Project Engineer, one copy is for the District Engi-
neer, and one copy is for the Traffic Safety Engineer. The detailed drawings shall
contain all components of the end treatment assembly.

D. Removal of Guardrail.Theundamagedguardrail,woodandsteel postsnot tobe
reset shall be removed and stockpiledwithin the Right ofWay at designated loca-
tions, andshallbecome thepropertyof theDepartment.Guardrail andpostsdesig-
nated for salvageor reuse that are damagedby the constructionoperations shall be
replaced at the Contractor’s expense.

1. Cable Guardrail. The salvage cable shall be in rolls for ease of handling.

2. W-Beam Guardrail.Rail removed for reset shall be in lengths not to exceed
50 feet. Rail removed and not to be reset, shall be disassembled at each joint
or splice.

3. Box Beam Guardrail. Rail removed for reset shall be in lengths not to ex-
ceed 36 feet. Rail removed and not to be reset, shall be disassembled at each
joint or splice.

4. End Treatment and Transition. The rail and end treatment not to be reset
shall be disassembled at each joint or splice. The concrete anchors for the end
posts shall be removed anddisposed of by theContractor outside theRight of
Way.

5. Miscellaneous Hardware. All miscellaneous hardware from the removed
guardrail shall be placed in containers at the stockpile site.

6. Anchors. If the Engineer determines that the concrete end anchors and an-
chor rods do not interfere with other construction, they may be cut off one
foot below ground level and the surface restored to match the surrounding
area.When concrete anchors are removed, the holes shall be backfilled with
approvedmaterial in8-inch layers.Each layer shall be thoroughly tampedus-
ing a mechanical tamper. The removed concrete will be disposed of outside
the Right of Way by the Contractor.

7. Disposal of Unsalvageable Materials. All concrete posts, damaged wood
or steel posts, damaged rail andhardware shall bedisposedof by theContrac-
tor outside the Right of Way.

E. Reset Cable Guardrail. The Contractor shall modify the existing guardrail as
shown on the Plans and Standard Drawings.

When the Plans call for resetting of 4-cable guardrail, theContractor shall furnish
and install new posts, hook bolt assemblies, turn buckle tie rods, bearing blocks,
concrete anchors, and splicing materials as required for the new installation.

On wedge-type connections, one wire of the wire rope shall be crimped over the
base of the wedge to hold it firmly in place.

The backfill shall be thoroughly tamped using a mechanical tamper.

F. Reset W-Beam Guardrail.Guardrail used for ResetW-BeamGuardrail and the
material for replacement of bent or damaged sections shall be obtained from sal-
vage.
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The connector used for attachment to the retrofit bridge rail shall be furnished and
installed as shown in the Contract.

G. Reset Box Beam Guardrail.Material for Reset BoxBeamGuardrail and for re-
placement of bent or damaged sections shall be obtained from salvage unless oth-
erwise directed.

H. Completion Requirements. On projects where existing guardrail is to be re-
moved or removed and replaced or reinstalled, and the roadway will be open to
traffic during construction, the guardrail installation at each site shall be com-
pletedwithin tenworkingdays fromthedayall other controlling itemsofworkare
sufficiently complete to allow guardrail installation to commence. A guardrail
installation is defined as each individual run of guardrail (i.e., a typical bridge
wouldhave four guardrail installations).Controlling itemsofwork for a guardrail
installation include, but are not limited to: structure, structure end block, barrier,
paving, guardrail and grading work (all within each individual run of guardrail).

Prior to any guardrail removal, a written construction schedule for work at the
guardrail-installation area shall be developed by the Contractor and Subcontrac-
tors (if any), and reviewed by the Engineer. At a minimum, the schedule of work
will includea sequenceof controlling itemsand the timingof each. If theContrac-
tor removes guardrail prior to the work plan being reviewed by the Engineer, the
Engineer may apply the disincentives listed below. Work shall not cease at any
individual guardrail installation for more than four working days, between con-
trolling items of work. Additionally, the Contractor shall give each controlling
item of work the constant attention necessary to facilitate continuous progress, at
each guardrail installation.

If the Contractor fails to complete the required work, at fixed objects, within the
time allowed, the Contractor shall provide the “Short-Term End Treatment for
Bridges” shown in the Standard Drawings The type of treatment shall be at the
option of theContractor. The cost of furnishing and installing theShort-TermEnd
Treatment for Bridges shall be included in the price bid for guardrail installation.
If the Contractor chooses to place the guardrail end treatment, the material used
for this installation shall not be reused in the final guardrail installation. The
Short-Term End Treatment shall remain the property of the Contractor.

Prior to removing the existing guardrail at steep-slope or culvert-extension sites,
the Contractor shall essentially complete all work except guardrail installation, if
any.

If the Contractor fails to comply with all requirements of Section 764.03 H, the
Department reserves the right to:

1. Suspend progressive estimate payments.

2. Applyacontract price reductionof$300perday, if thedeficiency isnot reme-
died within 24 hours of notification to correct such item.

3. Have the Short-Term End Treatment installed by other forces, with the costs
deducted frommonies dueor that becomedue theContractor.Materials from
this installation shall become thePrimeContractor’sproperty, upon removal,
and shall not be used for the permanent installation.
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4. Invoke any other disincentive allowed by the Contract.

I. AttenuatingCrashCushions:Theattenuatingcrashcushion shall be installed in
the locations shown on the Plans. The attenuating crash cushion shall consist of
energy-absorbingmaterial surroundedbya frameworkof steel, panels, andanose
cover fabricated from plastic or other material with a yellow color. Also concrete
slab and anchorage units. The unit shall be able to withstand the environment ex-
tremes in the state of North Dakota and operate as specified in this environment.

The units shall have been crash tested in accordance with NCHRP Report 350,
Test Level 2 or 3, and approved by the FHWA in writing. The FHWA approval
letter shall be provided to theConstructionOfficewith the attenuating crash cush-
ion shop drawings.

The nominal width of the system shall be as shown on the Plans. The unit shall be
installed inaccordancewith themanufacturer’s recommendation.AClassAAE-3
concrete slab shall be constructed for each unit as recommendedby themanufacturer.
All anchorage requirements for the unit to concrete slab shall be installed in accor-
dancewith themanufacturer’s recommendations. Transition panels shall be installed
from the unit to the barrier end or transition as shown on the Plans.Within 50 days of
contract execution by the Department, the Contractor shall furnish to the Engineer,
for review, eight sets of shop drawings for crash-attenuating cushion, in accordance
with Section 105.08. The shop drawings shall include manufacturer’s specifica-
tions, erection instructions, maintenance instructions, and the FHWA approval
letter.

764.04 METHOD OF MEASUREMENT.

A. Guardrail.Guardrailwill bemeasuredby the linear footof guardrail complete, in
place, andacceptedby theEngineer.Thecost of furnishingand installingall posts,
anchors, end treatments, bridge connections, and other items necessary to com-
plete the guardrail installation shall be included in the payment for guardrail.
Costs of drilling, backfilling, and bituminousmaterial will not be paid separately,
but shall be included in the price bid for “Guardrail.”

Reflectorized plateswill not bemeasured but shall be included in the bid items for
installing or resetting guardrail.

B. Remove Guardrail and Posts.Removing, salvaging, and stockpiling guardrail
materials will be measured by the Linear Foot.

C. Reset Guardrail.Measurementwill beby theLinearFootof reset guardrail com-
plete and accepted by the Engineer.

Cost of furnishing and installing theW-BeamTerminal Connector shall bemeas-
ured and paid for by the Linear Foot of Reset W-Beam Guardrail.

D. Median Barrier.Measurementwill be by theLinear Foot ofmedianbarrier com-
plete and accepted by the Engineer.

E. End Treatment and Transition. Measurement will be by the individual item
(each).
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F. Vertical Panels. Measurement will be by each vertical panel complete and in
place.

G. W-Beam Guardrail End Terminal.W-Beam Guardrail End Terminals will be
measured by the unit for each unit installed and accepted by the Engineer.

H. Attenuating Crash Cushion.Measurement will be by the number of complete
units installed and accepted by the Engineer.

764.05 BASIS OF PAYMENT.

Payment will be made at the Contract Unit Price for the following:

Pay Item Pay Unit
_______ Guardrail Linear Foot
Remove _______ Guardrail and Posts Linear Foot
Reset _______ Guardrail Linear Foot
Median Barrier Linear Foot
Box Beam End Treatment Each
_______ End Treatment and Transition Each
Reset ________ End Treatment and Transition Each
Vertical Panels Each
W-Beam Guardrail End Terminal Each
Attenuating Crash Cushion Each

This payment will be full compensation for all labor, equipment, andmaterials neces-
sary to complete the work.

SECTION 766
MAILBOX ASSEMBLIES

766.01 DESCRIPTION.

Thisworkconsistsof removingexistingmailboxassemblies, furnishingand installing
new support systems at locations shown on the Plans, and transferring and fastening
the existing or new boxes to the new support systems.

766.02 MATERIALS.

Mailbox support systems and hardware shall be as shown on the Plans. Other support
systems meeting the dimensions, metal thickness, strength, and galvanizing require-
ments are acceptable if they have been crash tested and approved by FHWA.

766.03 CONSTRUCTION REQUIREMENTS.

The mailbox owner will be required to furnish a postal service approved mailbox, ei-
ther new or existing, for installation on the new support system. Maintenance of the
new support and mailbox will be the responsibility of the Owner.
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If construction activities require the removal of the existing support system but delay
the installation of the permanent system, the Contractor shall temporarily reinstall the
existing system, or furnish and install a temporary systemat a locationapprovedby the
Engineer.

When construction has progressed sufficiently to allow permanent installation, the
Contractor shall install the mailbox assemblies and mailboxes at specified locations
and according to details shown on the Plans.

766.04 METHOD OF MEASUREMENT.

Permanent mailbox assemblies will be measured by each Unit complete and in place.
The types of assemblies (“single,” “double,” and “multiple”) will be shown on the
Plans butwill not bemeasured separately.All typeswill be grouped together under the
Pay Item.

766.05 BASIS OF PAYMENT.

Pay Item Pay Unit
Mailbox (All Types) Each

This payment will be full compensation for all labor, equipment, andmaterials neces-
sary to complete the work.
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SECTION 800
MATERIALS
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SECTION 801
GENERAL STATEMENT

801.01 ACCEPTANCE OF MATERIAL

801.02 SPECIFICATION OR SPECIAL PROVISION REQUIREMENTS

SECTION 802
PORTLAND CEMENT CONCRETE

802.01 DESCRIPTION
A. General
B. Classification

1. Classes
2. Air-Entrainment Designation
3. Coarse Aggregate Designation

C. Composition of Concrete
1. General
2. Cement Content
3. Water Content and Consistency
4. Aggregate Content
5. Admixtures
6. Fly Ash

D. Air-Entrained Concrete
1. Air Content
2. Method of Entraining Air

E. High-Early-Strength Concrete
1. Methods
2. Conditions for Use

F. Tests on Concrete
1. General
2. Slump
3. Air Content
4. Weight per Cubic Foot
5. Tests for Uniformity
6. Strength Tests

802.02 MATERIALS

802.03 EQUIPMENT

802.04 CONSTRUCTION REQUIREMENTS
A. Handling and Storing Materials

1. Handling and Storing Cement or Fly Ash
2. Handling and Storing Aggregates

B. Batching of Concrete Materials
1. Batching by Weight

a. General
b. Batching Cement
c. Batching Fly Ash
d. Batching Aggregate
e. Batching Water

2. Batching by Volume
C. Measuring and Dispensing Admixtures



518

D. Mixing and Transporting Concrete
1. General
2. Mixing in Stationary Mixers
3. Truck-Mixed Concrete

SECTION 804
CEMENT AND LIME

804.01 CEMENT

804.02 LIME

SECTION 806
GROUTS AND MORTAR

806.01 RAPID-HARDENING CEMENTITIOUS MATERIALS

806.02 EPOXY RESIN ADHESIVES

SECTION 808
CONCRETE ADMIXTURES

808.01 AIR-ENTRAINING ADMIXTURES

808.02 CHEMICAL ADMIXTURES

SECTION 810
CONCRETE CURING MATERIALS

810.01 CURING MATERIALS
A. Burlap Cloth from Jute or Kenaf
B. Liquid-Membrane-Forming Compounds, White Pigmented, Type 2
C. Liquid-Membrane-Forming Compounds, White Pigmented, Type 2, Class B
D. Geotextile Fabric

SECTION 812
WATER

812.01 WATER

SECTION 816
AGGREGATES

816.01 FINE AGGREGATE FOR CONCRETE
A. General

1. Gradation
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2. Test Methods and Requirements

816.02 COARSE AGGREGATE FOR CONCRETE
A. General

1. Gradation
2. Test Methods and Requirements

816.03 AGGREGATES FOR SURFACING, BASE, ASPHALT MIXES,
BLOTTER, AND SEAL COATS

A. General
B. Specific Requirements
C. Sampling and Testing

SECTION 817
SALVAGED BASE COURSE

817.01 GENERAL REQUIREMENTS

817.02 MATERIALS
A. General
B. Contractor Supplied Salvaged Material
C. Processed Virgin Aggregate for Blend
D. Processed Virgin Aggregate In Lieu of Salvaged Base
E. Use of Removed Materials
F. Bituminous Combined Material
G. Concrete Combined Material

SECTION 818
BITUMINOUS MATERIALS

818.01 GENERAL REQUIREMENTS

818.02 SPECIFIC REQUIREMENTS
A. Asphalt Cement
B. Rapid-Curing Cutback Asphalt

1. Manufacture
2. Properties

C. Medium-Curing Cutback Asphalt
D. Cationic Emulsified Asphalt
E. Anionic Emulsified Asphalt
F. Recycling Agent
G. Slow-Curing Cutback Asphalt

SECTION 820
FLY ASH

820.01 GENERAL

SECTION 822
PENETRATINGWATER REPELLENT

822.01 GENERAL
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822.02 TESTING
A. Absorption
B. Chloride Ion Penetration

SECTION 824
DAMPPROOFING ANDWATERPROOFING

824.01 PRIMER

824.02 ASPHALT FOR DAMPPROOFING ANDWATERPROOFING

824.03 WOVEN COTTON FABRIC

SECTION 826
JOINT MATERIALS

826.01 GENERAL

826.02 MATERIALS
A. Hot Applied Joint Sealant

1. Type 1
2. Type 2
3. Type 3
4. Type 4

B. Cold Applied Joint Sealant
1. Type 5

C. Preformed Expansion Joint Fillers for Structural Construction
D. Preformed Expansion Joint Filler for Concrete (Bituminous Type)
E. Rubber Gaskets
F. Flexible Gaskets
G. Preformed Elastomeric Compression Joint Seal for Concrete

SECTION 830
PIPE

830.01 CONCRETE PIPE
A. Concrete Sewer, Storm Drain, and Culvert Pipe
B. Reinforced Concrete Culvert, Storm Drain, and Sewer Pipe
C. Precast Reinforced Concrete Manhole Sections
D. Fasteners and Tie Bolts

830.02 METAL PIPE
A. Ductile Iron Sewer Pipe
B. Metallic (Zinc or Aluminum) Coated Corrugated Steel Culverts, Storm

Drains, and Underdrains
C. Corrugated Aluminum Alloy Culverts and Underdrains
D. Smooth Wall Steel Pipe Culvert
E. Structural Plate for Pipe, Pipe Arches, and Arches
F. Aluminum Alloy Structural Plate for Pipe, Pipe Arches and Arches
G. Polymer-Coated Corrugated Steel Pipe

830.03 PLASTIC PIPE
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A. Plastic Pipe for Non-Pressure Drainage of Sewage and Surface Water
(outside buildings)

B. Plastic Pipe for Water Distribution Lines (outside buildings)
C. Plastic Drain, Waste and Vent (DWV) Pipe and Fittings
D. Plastic Hot and Cold Water Distribution Systems (inside buildings)
E. Plastic Gas Pipe, Tubing, and Fittings
F. Corrugated Polyethylene Culverts

SECTION 834
STRUCTURAL STEEL AND RELATED MATERIALS

834.01 STRUCTURAL STEEL
A. Structural Carbon Steel
B. High Strength, Low Alloy Steel
C. High Strength, Low Alloy Structural Steel
D. High Strength Steel Plate
E. Structural Steel for Pins and Rollers

834.02 MISCELLANEOUS METAL
A. Steel Forgings
B. Steel Castings

1. Carbon Steel Castings
2. Chromium Alloy Steel Castings

C. Gray Iron Castings
D. Malleable Castings
E. Ductile Iron Castings
F. Bronze Bearing and Expansion Plates
G. Rolled Copper Alloy Bearings and Expansion Plates
H. Cast Aluminum
I. Lead Sheets and Plates
J. Brass Sheets
K. Copper Sheets

834.03 BOLTS, NUTS, AND WASHERS
A. Unfinished Regular Bolts and Nuts
B. High Tensile Strength Bolts, Nuts, and Washers

1. Manufacturing
2. Testing
3. Documentation
4. Shipping

C. Direct Tension Indicators

834.04 PERMANENT METAL CONCRETE FORMS

SECTION 836
REINFORCING STEEL

836.01 HEAT NUMBER

836.02 BARS
A. Deformed and Plain Billet Bars for Concrete Reinforcement
B. Epoxy Coated Reinforcing Bars
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C. Fabricated Steel Bar or Rod Mats for Concrete Reinforcement

836.03 WIRES

A. Welded Deformed Steel Wire Fabric
B. Deformed Steel Wire for Concrete Reinforcement
C. Welded Steel Wire Fabric
D. Cold Drawn Steel Wire for Concrete Reinforcement
E. High Tensile Wire Strand and Bars

1. Post-Tensioning Steel
2. Pre-Tensioning Steel

836.04 DOWEL BARS AND TIE BARS FOR PAVEMENT JOINTS

SECTION 840
PILING

840.01 STEEL PILING

A. Steel H-Piling and Special Sections
B. Shells for Steel Encased Concrete Piling

840.02 TIMBER PILING

A. Requirements
B. Dimensions
C. Treatment

840.03 SHEET PILING FOR PERMANENT INSTALLATION

A. Steel Sheet Piling
B. Corrugated Steel Sheet Piles

SECTION 844
STRUCTURAL TIMBER, LUMBER AND HARDWARE

844.01 STRUCTURAL TIMBER AND LUMBER

844.02 HARDWARE

A. Timber Connectors
B. Hardware

SECTION 846
PRESERVATIVES AND PRESSURE TREATMENT

PROCESSES FOR TIMBER

846.01 TIMBER PRESERVATIVES

SECTION 848
MASONRY UNITS AND BRICK

848.01 MATERIALS



523

A. Concrete Masonry Units for Construction of Catch Basins and Manholes
B. Building Brick (made from Clay or Shale)

SECTION 852
PAINTS, OILS, AND THINNERS

852.01 MATERIALS
A. Aluminum Paint
B. Lamp Black
C. Chrome Yellow and Chrome Orange
D. Enamels

SECTION 854
GALVANIZING

854.01 GALVANIZING

854.02 DAMAGED GALVANIZED COATINGS

SECTION 856
EROSION CONTROL BLANKET AND

TURF REINFORCEMENT MAT

856.01 EROSION CONTROL BLANKET

856.02 TURF REINFORCEMENT MAT

856.03 STAPLES

856.04 FABRIC FORMED SLOPE PROTECTION

SECTION 858
GEOTEXTILE FABRICS

858.01 GENERAL
A. Geotextile Fabrics
B. Concrete Curing Fabric

SECTION 860
FENCE

860.01 CHAIN LINK FENCE

860.02 BARBED WIRE, WOVEN WIRE, AND STAPLES
A. Barbed Wire
B. Woven Wire
C. Staples

860.03 STEEL POSTS
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A. Line Posts
B. Angle-Type End, Corner and Pull Posts

860.04 WOOD POSTS

SECTION 862
GUARDRAIL AND POSTS

862.01 GENERAL

862.02 WIRE ROPE AND FITTINGS FOR CABLE GUARDRAIL
A. Socket Baskets and Wedges
B. Threading
C. Bolts, Nuts, and Washers
D. Washer Plates
E. Substitutes

862.03 GUARDRAIL UNITS AND FITTINGS FOR W-BEAM GUARDRAIL
A. Button Headed Bolts and Hex Bolts
B. Plates
C. Washers
D. Break-Away Cable Terminal Assembly
E. W-Beam Guardrail End Treatments

862.04 TREATED WOOD GUARDRAIL POSTS
A. Quality
B. Peeling and Trimming
C. Preservative Treatment

862.05 STEEL GUARDRAIL POST

862.06 BOX BEAM
A. Rail Tests
B. Splice Plates and Expansion Plates
C. Bolts, Nuts, and Washers
D. Certification
E. Galvanizing

SECTION 868
INSULATION BOARD (POLYSTYRENE)

868.01 REQUIREMENTS

SECTION 880
PAVEMENT MARKINGS

880.01 PAVEMENT MARKING PAINT
A. General

1. Quality
2. Manufacturing and Packaging of Preapproved Paint
3. Package Stability of Preapproved Paint
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B. Specific Requirements for Solvent-Based Traffic Marking Paint
C. Specific Requirements for Water-Based Traffic Marking Paint
D. Sampling, Testing, and Accepting

1. Quantitative Requirements for Paint
a. Pigment (Solvent Based and Water-Based Paints)
b. Viscosity (Solvent Based and Water-Based Paints)
c. Total Solids (Vehicle Solids for Solvent-Based and Acrylic

Emulsion Vehicle Solids for Water-Based Paints)
d. Drying Time Requirements

2. Quantitative Requirements for Pigment
a. White Traffic Paint -- Titanium Dioxide (Solvent-Based and

Water-Based Paint)
b. Yellow Traffic Paint -- Lead Chromate (Solvent Based Paint)
c. Yellow Traffic Paint -- CIE Chromaticity Limits for X and Y

(Water Based Paint)
3. Calculation of Price Adjustment

880.02 GLASS BEADS
A. Specific Requirement

1. Glass Beads for Solvent-Based Paint
a. Physical Properties
b. Sampling and Testing

2. Glass Beads for Water-Based Paint
a. Physical Properties
b. Sampling and Testing

B. Packaging and Marking
C. Certification

880.03 PLASTIC PAVEMENT MARKING FILM (RETROREFLECTIVE)
A. General
B. Retroreflective Pliant Polymer
C. Requirements

1. Skid Resistance
2. Reflectance
3. Tensile Strength and Elongation
4. Patchability
5. Pigmentation
6. Acid Resistance
7. Reflective Retention
8. Thickness
9. Effective Performance Life

880.04 PREFORMED PLASTIC MARKING FILM
A. General
B. Composition
C. Skid Resistance
D. Color
E. Thickness
F. Durability and Wear Resistance
G. Tensile Strength
H. Conformability and Resealing
I. Elongation
J. Plastic Pull Test

880.05 PREFORMED PATTERNED PAVEMENT MARKING FILM
A. General
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B. Composition
C. Skid Resistance
D. Thickness
E. Beads
F. Patchability
G. Reflectance

880.06 SHORT-TERM PAVEMENT MARKING

880.07 CONSTRUCTION ZONE MARKING

A. Type R -- Removable Retroreflective Pavement Markings
B. Type NR -- Retroreflective Pavement Striping Tape
C. Type R--WR Pavement Markers

880.08 RAISED PAVEMENT MARKERS

880.09 EPOXY PAINT PAVEMENT MARKING

A. General
B. Epoxy Resin Material
C. Glass Beads
D. Sampling Rate and Procedures
E. Packaging of Epoxy Components and Glass Beads

SECTION 894
HIGHWAY SIGNS AND POSTS

894.01 SIGN BACKING MATERIAL

A. Materials
1. Flat Sheet Aluminum
2. Extruded Aluminum Panels

B. Shop Surface Preparation and Processing
1. Degreasing
2. Etching
3. Coating
4. Drying

894.02 RETROREFLECTIVE SHEETING MATERIALS

A. General
1. Accelerated Outdoor Test
2. Accelerated Machine Test

B. Type II and III A Retroreflective Sheeting Material
C. Type III B Retroreflective Sheeting
D. Type III C Retroreflective Sheeting
E. Type IV Reflective Sheeting

1. Type IV, Class I Reflective Sheeting
2. Flexible Rollup Sign, Non-Adhesive Backing Fabric

F. Wide Angle Prismatic Reflective Sheeting
G. Fluorescent Orange Wide Angle Prismatic Retroreflective Sheeting

894.03 PIGMENTED PLASTIC FILM, PRESSURE-SENSITIVE ADHESIVE

A. Description
B. Material Requirements

1. Thickness
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2. Film
3. Flexibility
4. Gloss
5. Adhesive
6. Sunlight Resistance
7. Exterior Exposure
8. Fungus Growth
9. Plastic Lettering

894.04 LETTERS, NUMERALS, SYMBOLS, AND BORDERS FOR PANEL
SIGNS

A. General
B. Demountable Reflectorized Cutout Letters, Numerals, Symbols, and Bor-

ders
C. Direct Applied Type III A and III B Reflective Sheeting Letters, Numer-

als, Symbols, and Borders
1. General
2. Fabrication

894.05 POSTS AND HARDWARE FOR SIGNS
A. Hardware for Signs

1. General
2. Bolts
3. Nuts
4. Washers
5. Stringers
6. Aluminum Alloy Castings
7. Steel Castings
8. U-Bolts
9. Anchor Bolts
10. Attachment Clip and Plate
11. Fuse Joint Bolts
12. Breakaway Base Bolts

B. Posts
1. General
2. Aluminum Tubular Posts and Accessories
3. Steel (Galvanized) Posts and Accessories
4. Square Steel Telescoping Tubular Posts

a. Material
b. Shape
c. Finish
d. Cross Section
e. Holes
f. Length
g. Telescoping Properties
h. Tolerances
i. Installation
j. Slip Base Assembly

5. Flange Channel and Accessories
6. Structural Steel Posts

894.06 DELINEATORS
A. Posts
B. Reflectors

1. Reflective Sheeting
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2. Acrylic Plastic
C. Fasteners

894.07 SAMPLING AND TESTING

A. Base Metal
B. Solutions for Cleaning and Etching
C. Inspection
D. Reflective Sheeting

1. Reflective Sheeting Flexibility
2. Inspection

E. Torque Control Nuts

894.08 STRUCTURES FOR OVERHEAD SIGNS

A. General
1. Welding Steel
2. Grating and Handrail

B. Free-Standing Overhead Signs
1. Round Tubes and Standard Pipe
2. Round-Tapered or Octagonal-Tapered Tubes
3. Flat Bars
4. Flange
5. Truss
6. Hardware
7. Anchor Bolts, Nuts, and Washers

C. Overhead Signs on Bridge Structures
1. Plates
2. Angles, I-Beams and Channels
3. Bolts, Nuts, Washers, and Lockwashers

894.09 DETECTABLE WARNING PANEL

A. New Construction
1. Dome Size
2. Dome Spacing
3. Dome Alignment
4. Size

A. Retrofit
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SECTION 801
GENERAL STATEMENT

801.01 ACCEPTANCE OF MATERIAL.

Acceptance of all material shall be as specified in Section 106.

801.02 SPECIFICATION OR SPECIAL PROVISION REQUIREMENTS.

Where the Department’s Specifications or Special Provisions require that materials
meet AASHTO, ASTM, AWPA or other Specification, the latest Specifications to-
gether with all interim Specifications which have been printed and distributed before
the date of the invitation for bids shall apply.

SECTION 802
PORTLAND CEMENT CONCRETE

802.01 DESCRIPTION.

A. General. Portland Cement Concrete shall be composed of Portland Cement, ag-
gregates, water, and any required or permitted admixtures or fly ash proportioned
and mixed according to these Specifications.

B. Classification.

1. Classes. These Specifications divide concrete into three general classes by
cement (including fly ash when allowed) and water content as follows:

CEMENT CONTENT*

CLASS OF Sacks (94 lb.) MAXIMUMWATER CONTENT
CONCRETE per Cu. Yd. Gals. per Sack of Cement*

AA or AAE 6.5 5.00
A or AE 6.0 5.35
Y or YE 5.5 5.75

*Cement content includes fly ash when allowed.

The class of concrete to be used for any itemofwork shall be as designated in
the Contract.
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2. Air-Entrainment Designation. The letter “E” following the alphabetical
designation indicates air-entrained concrete.

3. Coarse Aggregate Designation.Section816.02 Adividescoarseaggregate
into three sizenumbersbasedongradation.The sizeof coarse aggregate tobe
used in themix isdesignatedby thenumeral following thealphabeticaldesig-
nation for the class of concrete.

If the coarse aggregate size is not designated in theContract, SizeNo. 3, 4, or
5 coarse aggregate may be used, subject to satisfactory results.

C. Composition of Concrete.

1. General.The concretemixwill be designed by theEngineer according to the
requirements for cement, water, aggregate, and for air content. Adjustments
to the aggregate and water content may be made to produce a mix with the
required composition, workability, and consistency. No adjustments in com-
pensation will be made because of any increase or decrease in costs which
may result from adjustments in aggregate proportions or water content.

2. Cement Content. The mix proportions will be adjusted as necessary to
maintain the required cement content within a tolerance of ±2 percent by
weight. The cement content for the class of concrete being mixed shall be as
shown in Section 802.01 B.1 except as follows:

a. If the concrete produced in the field does not meet the desired design
strength, the cement content shall be increaseduntil the strength require-
ments are met.

b. TheContractorwill be reimbursed for additional cement required for the
Department’s benefit according to Section 602.05 C.

3. Water Content and Consistency. The water content of the mixed concrete
includes the quantity of mixing water measured into the batch plus any free
water on the surfaceof theaggregates, butdoesnot includewater absorbedby
theaggregates.Thewater content shall be theminimumrequired toproducea
workable, plastic mix having a consistencywhich permits a satisfactory rate
of discharge, proper placement, and consolidation of the concrete. For vi-
brated placing, the slump of the concrete should not exceed 3 inches before
addition of admixtures. Where concrete is pumped from the mixer or truck,
the slump shall be adjusted at the mixer to give the proper consistency at the
point of deposit in the forms.

Themaximumwater content per sack of cement shall not exceed the quantity
shown in Section 802.01 B.1 for the class of concrete being mixed.

4. Aggregate Content.Theaggregate contentof theconcretemixwill bebased
on a saturated surface-dry condition of the aggregates. TheEngineer will de-
termine the relative proportions of fine and coarse aggregates and adjust the
batch quantity of each aggregate as necessary to compensate for any free
water on the surface of the aggregate or for anywater thatwill be absorbedby
the aggregate.
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5. Admixtures. Substances other than cement, water, aggregates, and air-en-
training agents shall not be used in the concrete exceptwhenawater reducing
and retarding admixture is required by the Contract or approved by the Engi-
neer. No reduction will be made in the specified cement content of the con-
crete mixture when admixtures are used. Admixtures containing calcium
chloride and admixtures which interfere with proper control of the entrained
air content of concrete shall not be used. Permission to use any admixtures
may bewithdrawn if the properties of the admixture are not uniformor if sat-
isfactory results are not being obtained.

Should the Contractor request and obtain permission to use admixtures, no
additional compensationwill be allowed for the cost of furnishing and incor-
porating the admixture into the concrete mixture.

Specified admixtures will not be paid for directly but shall be included in the
cost of the concrete.

A retarding admixture shall be required in Class AAE-3 concrete for bridge
decks whenever the temperature of the concrete or the ambient air tempera-
ture at the time of placement exceeds 75°F. The proposed admixture shall be
submitted for approval before use.

6. Fly Ash.

Fly ash replacement of cement is allowed on a 1:1 ratio, up to a maximumof
29 percent by weight. Fly ash shall meet the requirements of Section 820.

Fly ash will not be allowed as a cement substitute when high-early-strength
concrete is used.

D. Air-Entrained Concrete.

1. Air Content.The air content for air-entrained concrete shall not be less than
5 percent nor more than 8 percent of the volume of the freshly-mixed con-
crete.

2. Method of Entraining Air. Air may be entrained in the concrete by use of
air-entraining cement, by an approved admixture, or by a combination of air-
entraining cement and an approved admixture. The method used shall be at
the option of the Contractor.

When air-entrained cement is used, an approved air-entraining admixture in
the quantity required to maintain the air content within specified limits shall
be furnished at the Contractor’s expense.

Air-entraining admixtures shall be dispensed into the batch according to the
requirements of Section 802.04 C.

E. High-Early-Strength Concrete.

1. Methods.High-early-strength concretemay be obtained by either of the fol-
lowing methods:
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a. When Type I, IA, or II cement is used, the cement content shall be in-
creased to 7.2 sacks of cement per cubic yard. Themaximumwater con-
tent shall be the sameas thewater content shown inTable802.01B.1. for
the class of concrete specified.

b. When high-early-strength cement Type III or IIIA is used, the cement
content shall be as shown in Table 802.01 B.1 for the class of concrete
being mixed.

2. Conditions for Use.High-early-strength concrete shall be usedwhen speci-
fied in the Contract.

If not specified, but requested by the Engineer, and high-early-strength con-
crete is ordered; the Contractor will be reimbursed for the extra cost of the
high-early-strength cement (Type III or III A) or of the additional cement
(Type I, IA, or II) used. Reimbursement will be according to Section 602.05.

When the Contractor requests and obtains permission to use high-early-
strength concrete, no additional payment will bemade for any extra costs in-
curred in producing and placing the high-early-strength concrete. High-
early-strength concrete shall not be used on bridge decks.

F. Tests on Concrete.

1. General.Any concrete tests which are necessary to ensure proper control of
themix and compliancewith theSpecificationswill bemadeaccording to the
Department’sField Sampling and TestingManual. The Contractor shall fur-
nish the concrete necessary for these tests and provide suitable facilities for
curing and storing test specimens.

Concrete will be sampled for testing when the concrete is discharged at the
site of placement.

2. Slump.Consistencywill bemeasured by slump tests according toAASHTO
T 119.

3. Air Content. The air content of air-entrained concrete will be measured ac-
cording to AASHTO T 152.

4. Weight Per Cubic Foot. The weight per cubic foot of concrete, batch vol-
ume, and cement content will be determined according to AASHTO T 121.

5. Tests for Uniformity.Uniformitywill be tested by comparing the slump, air
content, and coarse aggregate content of 2 individual samples taken fromap-
proximately the 1/6 and 5/6 points of the batch as discharged at the site of
placement. The uniformitywill be considered satisfactory if the results of the
two samples do not differ by more than the following:

a. Slump 3/4 inch or 25 percent of the average of. . . . . . . . . . . . . . . . . .
the two samples, whichever is greater

b. Air Content 1 percent by volume of concrete; and. . . . . . . . . . . . . .
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c. Coarse Aggregate Content 6 percent by weight of the respective. . .
(portion of each sample samples
retained when washed
through a No. 4 sieve)

If the test results are not within the ranges specified above, the mixing time,
batch size, or equipment methods used to proportion, mix, and transport the
concrete shall be changed to produce concrete meeting all specified require-
ments.

6. Strength Tests. Concrete test specimens for compression and flexural
strength tests will be made and cured according to AASHTOT 23. Concrete
cylinders will be tested for compressive strength according to AASHTO T
22. Concrete beams will be tested for flexural strength according to
AASHTO T 97.

802.02 MATERIALS.

A. General. Unless otherwise specified, Type I, IA, or II cement shall be used.

B. Materials shall meet the following:

Item Section
Cement 804.01
Air-Entraining Admixture 808.01
Chemical Admixtures 808.02
Curing Materials 810.01
Water 812.01
Fine Aggregate 816.01
Coarse Aggregate 816.02
Fly Ash 820.01

802.03 EQUIPMENT.

Equipment shall meet the following:

Item Section
General 151.01
Batching and Weighing Equipment 153.01
Mixer 153.02
Concrete-Transporting Equipment 153.03

802.04 CONSTRUCTION REQUIREMENTS.

A. Handling and Storing Materials.

1. Handling and Storing Cement or Fly Ash. Cement or fly ash of different
types, brands, or sources shall be handled and stored separately. Cement or
fly ash shall not be inter-mixed during use or used alternately in any one unit.
Storage that protects the cement or fly ash against dampness shall be pro-
vided. Cementwhich contains caked lumps or is salvaged from spillage shall
not be used.
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2. Handling and Storing Aggregates.Each separate aggregate component of
different source or grading shall be handled and stockpiled separately. Ade-
quate equipment andmaterial shall be provided to assure a continuous batch-
ing operation. Changes in the source of aggregates during the progress of the
work shall not be made unless authorized.

Aggregate hauling units shall not be operated on the stockpile. The provi-
sions of Section 106.06 shall govern in constructing and handling of stock-
piled material.

Aggregateswhich become intermixedwith aggregates of different source or
grading, or become contaminated by foreign materials shall be rejected and
removed from the work site.

Aggregate will be rejected if segregation is found in any component unless
the aggregate is uniformly remixed to meet the specified gradation.

Each stockpile site shall be cleared of vegetation and extraneousmatter; and
the ground shall be smooth, firm, and well drained. The bottom one foot of
any stockpile shall not be used.

Washed aggregates shall be drained for at least eight hours before use to en-
sure a stable and uniformmoisture content. Themoisture content shall not be
considered stable if there is evidenceofgravitydrainage in theweighhoppers
or truck boxes. The moisture content shall not be considered uniform if the
variations in moisture content of any aggregate component causes fluctua-
tions in the consistency of successive batches of themixed concrete. Freshly
washed aggregates shall be stored separately from the drained aggregates in
use.

B. Batching of Concrete Materials.

1. Batching by Weight.

a. General.When directed by the Engineer, the Contractor shall test the
batching operation accuracy. The batched ingredient shall be weighed
onaplatformscale certifiedby theDepartment ofWeights andMeasures
(North Dakota Public Service Commission) or a certified scale service.
The Contractor shall bear all expenses and fees incurred in the accuracy
tests.

b. Batching Cement. Bulk cement shall be measured by weight with
equipmentmeeting Section 153.01. The bulk cement batchweight shall
not vary from the designated weight by more than ±1 percent. Sacked
cement furnished shall be considered toweigh94poundsper sack. Frac-
tional sacks of cement shall not be used unless weighed.

c. Batching Fly Ash.Bulk flyashshall bemeasuredbyweightwithequip-
ment meeting Section 153.01. The bulk fly ash batch weight shall not
vary from the designated weight by more than ±1 percent.

d. Batching Aggregate. Each separate aggregate component shall be
measured by weight with equipment meeting Section 153.01. The ag-
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gregate batch weight of each aggregate component shall not vary from
the designated weight by more than ±2 percent.

e. Batching Water.Themixingwater for each batchmay bemeasured by
volume or by weight with equipment meeting Section 153.01 A. The
designated quantity ofmixingwater shall be added to each batch,within
a tolerance of ±1 percent.

2. Batching by Volume. If a mobile mixer is used, it shall meet Section
153.02 C.

C. Measuring and Dispensing Admixtures. Any admixtures used in the concrete
shall be accuratelymeasured and dispensed using themanufacturer’s recommen-
dations to give a uniformdistribution. Equipment andmethods formeasuring ad-
mixtures, thequantityof admixtureused, and the time the admixture andwater are
placed in the batch shall be approvedby theEngineer. Thedispensing device shall
repetitivelycontrol thebatchingof theadmixturewithinanaccuracyof±5percent
of the required volume of material or ±1 fluid ounce, whichever is greater. Dis-
pensing equipment shall be arranged to permit convenient, visual observation of
the volume of admixture dispensed or the admixture may be dispensed by other
approvedmechanical ormanualmethods.Dispensingequipment shall beperiodi-
cally checked and cleaned.

Wheremore than one admixture is used in the same batch, the admixtures shall be
added separately to prevent contact in their concentrated form.

The Contractor may be required to produce trial batches of the concrete mixwith
the admixture before use to determine if the water reduction, set retardation, air
content, and strength of the concrete mixture meets requirements. The same
equipment, batch size, materials, etc., proposed for the work shall be used in
preparation of these trial batches. If all test requirements aremet, the trial batches
may be incorporated into the work.

D. Mixing and Transporting Concrete.

1. General.The concretemay bemixed at the site of placement or by approved
ready-mix methods. All concrete shall be mixed in approved, mechanically
operated mixers meeting Section 153.02.

The concrete shall be mixed in the quantity required to provide continuous
placementand finishingoperations.Additionofwater to retemper concrete is
not permitted.

Themixer shall be operated so successive batches of concrete do not become
merged or intermixed during the mixing cycle.

All concrete shall be mixed until the cement, water, aggregates, and admix-
tures are uniformly distributed. The concrete shall meet all requirements for
slump, air content, and uniformity at the point of placement.

2. Mixing in Stationary Mixers.Stationarymixed concrete is concretemixed
completely in a central mixing plant.

The batch volumemay exceed the rated capacity of the mixer by 10 percent,
provided that concrete test data for strength and uniformity are satisfactory
and the batch can be mixed without spillage.
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Themixing time shall bemeasured from the time all solidmaterials are in the
drumuntil discharge of that batchbegins. Thedrumshall be charged so apor-
tion of the mixing water enters in advance of the aggregates and cement. All
remaining water shall be added after charging the aggregate and cement and
before1/4of themixing timehas elapsed.Transfer time inmultiple-compart-
ment mixers shall be included in mixing time. The mixing time per batch
shall be aminimum of 60 seconds, except that: (1) when the concrete is used
in pavement, the Engineer may givewritten permission to reduce themixing
time to a minimum of 50 seconds if concrete test data for strength and uni-
formity meet Specifications; and (2) if themixer is temporarily operated un-
dermanual timingcontrol or hasa ratedcapacityof less than10cubic feet, the
concrete shall be mixed for a minimum of 90 seconds.

Concrete shall be delivered to the site of placement in an agitating truck, in a
truck mixer operated at agitating speed, or in approved non-agitating equip-
ment. The interval of timebetween introducing the cement to themixture and
the time the concrete has been completely discharged, shall not exceed 30
minutes in non-agitating equipment and 60 minutes in agitating equipment.
These time limits shall be reduced if weather conditions affect the concrete
adversely.

3. Truck-Mixed Concrete. Truck-mixed concrete is concrete proportioned at
a central plant and mixed and delivered to the site of placement in a truck-
mixer (known as ready-mixed concrete).

Truck-mixed concrete shall not be produced until all equipment, facilities,
and methods for handling and storing materials and for proportioning, mix-
ing, and transporting the concrete have been approved. If the concrete is not
delivered to the site of placement at the times and rates necessary for continu-
ous placement and finishing; or if the consistency, air content, or other prop-
erties of the concrete do not conform to specified requirements the use of
truck mixed concrete shall be discontinued.

Equipment for transporting concrete shall meet Section 153.02 B. The vol-
ume of concrete placed in the truck-mixer shall not exceed themaximumca-
pacity shown on the manufacturer’s rating plate. The truck-mixer shall be
cleaned at periodic intervals to prevent accumulation of hardened concrete,
and shall be emptied of all free water before receiving any batch ingredients.
The interval between the time cement has been placed in contact with the ag-
gregates or the water and the time the concrete has been completely dis-
chargedshall not exceed60minutes.Themaximumdischarge time limitmay
be reduced if weather conditions affect the concrete adversely during the
specified time interval.

Mixing shall not be less than 70 revolutions nor more than 100 revolutions
after all ingredients are charged in the truck-mixer. If the batch volume is 90
percent or less than the rated mixing capacity, mixing may be reduced to a
minimum of 50 revolutions. After mixing is completed, additional revolu-
tions shall be at agitating speed. If water is added, the mixing drum shall be
run an additional 30 revolutions at mixing speed after mixing has begun or
been completed.Mixing and agitating speeds used shall follow themanufac-
turer’s recommendations within the limits specified in Section 153.02 B.
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Transit-mixed concrete shall be completely discharged at the site of place-
ment within 60 minutes after the cement has been placed in contact with
either the aggregate or the water. The 60-minute time limit may be extended
by the Engineer to a maximum of 90 minutes if the ambient air and the con-
cretemix temperature at the timeofmixing is less than80°F., and if themixed
concrete meets the specified requirements for maximum water content and
air content when discharged at the site of the work. The mix must be com-
pletely discharged within the 90 minutes. Addition of water to concrete will
not be permitted after the 60-minute time limit.

SECTION 804
CEMENT AND LIME

804.01 CEMENT.

Portlandcement shall conformtoAASHTOM85for the type specifiedexcept ashere-
in modified:

Allow the addition of 5.0 percent limestone by mass (weight) in the cement. Only in-
terground limestone that is naturally occurring, consisting of at least 70 percent by
mass of one or more of the mineral forms of calcium carbonate will be allowed.

Fineness shall bemeasured by the air permeability test (all cement types except Type III):

Fineness, Specific Surface Air Permeability Test
Square Meter

Air Permeability Test per Kilogram
Average value, min 360.0
Minimum value, any one sample 340.0
Average value, max 420.0
Maximum value, any one sample 440.0

When Specifications require that low alkali cements be used the total alkalis in the
Portlandcement (Na2O+0.658K2O) shall not exceed0.60percent. The total alkalis in
the cementitious material shall not exceed 5.0 pounds per cubic yard.

Blended Hydraulic cement shall conform to AASHTO M 240.

804.02 LIME.

Hydrated lime shall meet AASHTO M 216.

SECTION 806
GROUTS AND MORTAR

806.01 RAPID-HARDENING CEMENTITIOUS MATERIALS.

This material shall meet ASTMC 928. If no type is specified, the material shall meet
Type R1.
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806.02 EPOXY RESIN ADHESIVES.

This material shall meet AASHTO M 235 Type IV Grade III.

SECTION 808
CONCRETE ADMIXTURES

808.01 AIR-ENTRAINING ADMIXTURES.

Air-entraining admixtures shall meet AASHTO M 154.

808.02 CHEMICAL ADMIXTURES.

Chemical Admixtures shall meet AASHTO M 194.

SECTION 810
CONCRETE CURING MATERIALS

810.01 CURINGMATERIALS.

A. Burlap Cloth made from Jute or Kenaf.

Curing materials shall meet the following:

Burlap Cloth made from Jute or Kenaf AASHTO M 182. . . . . . . . . . . . . . .

B. Liquid-Membrane-Forming Compounds, White Pigmented, Type 2

Curing materials shall meet the following:

Liquid-Membrane-Forming Compounds,
White Pigmented, Type 2 AASHTO M 148. . . . . . . . . . . . . . . . . . . . . . .

C. Liquid-Membrane-FormingCompounds,WhitePigmented,Type2,ClassB

The resin used in the curing compound shall be 100 percent poly-
alphamethylstyrene and conform to all requirements in the following:
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Properties Minimum Maximum

Total Solids, % by weight of compound 42
% Reflectance in 72 hours (ASTM E 1347 65
Loss of Water, kg/m2 in 24 hours (ASTM C 156) 0.15
Loss of Water, kg/m2 in 72 hours (ASTM C 156) 0.40
Setting Test, mL/100 mL in 72 hours 2
V.O.C. Content, g/L 350
Infrated Spectrum Vehicle 100% alpha-methylstyrene

The Settling Test procedure is available at the Department’s Materials and Re-
search Division.

The shelf life of the product shall be six months from the date of manufacture.

Curing materials shall meet the following:

Liquid-Membrane-Forming Compounds,
White Pigmented, Type 2, Class B AASHTO M 148. . . . . . . . . . . . . . . .

D. Geotextile Fabric.TheGeotextile fabric shall be a highly absorbent fabricmade
from a light colored, nonwoven material that weighs a minimum of 8 ounces per
square yard.

SECTION 812
WATER

812.01 WATER.

Water used inmixingor curingconcrete, cement-treatedbases, lime-treatedbases, and
fly ash treated bases shall be clean and free of oil, acid, alkali, organicmatter, andother
substances damaging to the finished product. Water will be tested according to
AASHTO T 26. Water known to be of potable quality may be used without testing.
Where the source ofwater is relatively shallow, the intake shall be enclosed to exclude
silt, mud, grass, or other foreign materials.

Whenwater used formixingwithPortlandCementhasapHvalue less than4.5ormore
than 8.5, the water shall be tested by casting and testing mortar cubes according to
AASHTOT 106. The seven-day compressive strengths shall equal at least 90 percent
of the companion test specimens made using distilled water.

The water must also meet the autoclave expansion and time of setting tests criteria
given in AASHTO T 26.

SECTION 816
AGGREGATES

816.01 FINE AGGREGATE FOR CONCRETE.

A. General.Fineaggregate for concrete shallmeetAASHTOM6with the following
changes:
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1. Gradation. Fine aggregate shall meet the following:

Sieve Size Percent Passing
3/8 Inch 100
No. 4 95--100
No. 16 45--80
No. 50 10--30
No. 100 0--10
No. 200 0--3

2. Test Methods and Requirements.Only the following tests fromAASHTO
M 6 will be used:

Test Method Requirements
Sampling AASHTO T 2
Reducing Sample to Test Size AASHTO T 248
Lightweight pieces in Aggregate AASHTO T 113* 2% max.
Organic impurities AASHTO T 21 Not darker

than the refer-
ence std. color

Mortar-making properties AASHTO T 71
Sieve analysis AASHTO T 27
Soundness (sodium sulfate) AASHTO T 104 10% max.
Material Passing
No. 200 Sieve AASHTO T 11

*Oven-dry weights will be substituted for saturated surface-dryweights. The percentage of light-
weight pieces will be based on the total sample submitted for testing. Lightweight pieces will be
those with a specific gravity less than 1.95. The No. 30 sieve will be substituted for the No. 50
sieve. Agitate the sample by stirring for a period of 15 seconds. Allow the sample to settle for 30
seconds and decant. Perform this procedure until the specimen is free of floating pieces or a
maximum of three times.

816.02 COARSE AGGREGATE FOR CONCRETE.

A. General.CoarseAggregate shall consist of gravel, crushedgravel, crushedstone,
or other approved inert materials of similar characteristics, or a combination
thereof, meeting the following:

1. Gradation. The gradation shall meet the following:

Size No. and Percent Passing by Weight

Sieve Size 3 4 5

1-1/2 inch 100
1 inch 95--100 100
3/4 inch 90--100 100
1/2 inch 25--65 90--100
3/8 inch 15--55 20--55 40--70
No. 4 0--10 0--10 0--15
No. 8 0--5 0--5 0--5
No. 200 (Max) 1.0 1.0 1.0
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2. Test Methods and Requirements.
Requirements
Max. Percent by
Weight of the Plus
No. 4 FractionTest Method

a. Shale NDDOT Method** 0.7

b. Iron Oxide
Particles NDDOT Method** 4.0*

c. Lignite and Other
Coal NDDOT Method** 0.5

d. Soft Particles
Exclusive of a, b, c
(Includes clay,
and other friable
material) NDDOT Method** 2.5

e. Thin or Elongated
Pieces (maximum
thickness less than
1/4 the maximum
width, or maximum
length more than
three times the
maximum width) NDDOT Method** 15.0

f. Material Passing
No. 200 Sieve AASHTO T 11

g. L.A. Abrasion AASHTO T 96 40.0

h. Soundness (Sodium
Sulfate) AASHTO T 104 12

i. Sampling AASHTO T 2

j. Reducing Sample
to Test Size AASHTO T 248

k. Sieve Analysis AASHTO T 27

*NOTE: For spall repairs for concrete pavements and for bridge deck overlays, the maximum
iron oxide particles shall be 2.0 percent.

**Field Sampling and Testing Manual

Coarse aggregate for use in concrete that is subjected to moisture, extended
exposure to humid atmosphere, or contact with moist ground shall not con-
tain any materials that are deleteriously reactive with the alkalies in the
cement in a quantity sufficient to cause excessive expansion of mortar or
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concrete. If such materials are present in injurious quantities, the coarse
aggregatemaybeusedwith acement containing less than0.6percent alkalies
calculated as sodium oxide or with the addition of a material that has been
showntopreventharmful expansiondue to thealkali-aggregate reaction.The
reactivity shall be determined according to the test methods specified in
AASHTO M 80.

816.03 AGGREGATES FOR SURFACING, BASE, ASPHALT MIXES,
BLOTTER, AND SEAL COATS.

A. General. The material shall consist of sound, durable particles of gravel or sand
which may include limited quantities of fine soil particles as binding material. It
shall be free of sod, roots, and other organic matter. The physical characteristics
and quality of the materials shall be approved by the Engineer.
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C. Sampling and Testing.

Sampling AASHTO T 2
Reducing Sample to Test Size AASHTO T 248
Liquid Limit AASHTO T 89
Plastic Limit and Plasticity Index AASHTO T 90
Los Angeles Abrasion AASHTO T 96
Lightweight Pieces of Aggregate AASHTO T 113*
Sieve Analysis AASHTO T 27
Amount of Material Finer than AASHTO T 11**
No. 200 Sieve in Aggregate

Fractured Faces Department Method

*Oven-dry weights will be substituted for saturated surface-dry weights. The No. 30 sieve will be
substituted for theNo. 50 sieve. The percentage of lightweight pieceswill be based on the total sam-
ple retained on the No. 30 sieve. Lightweight pieces will be those with a specific gravity less than
1.95. Agitate the sample by stirring for a period of 15 seconds. Allow the sample to settle for 30
seconds and decant. Perform this procedure until the specimen is free of floating pieces or a maxi-
mum of three times.

**AASHTO T 11 is to be used in conjunction with AASHTO T 27 for all aggregate tests.

SECTION 817
SALVAGED BASE COURSE

817.01 GENERAL REQUIREMENTS.

Salvaged Base may be composed of the followingmaterials: processed virgin aggre-
gate, existing aggregate base, existing bituminous material, stockpiled bituminous
material, existing concrete material, and/or stockpiled concrete material. All removal
material shall be incorporated into the Salvaged Base as detailed in the plans unless
otherwise approved in accordance with section 817.02 E. One-hundred percent pro-
cessed virgin aggregate as specified in section 817.02 Dmay be supplied to make-up
anydifferencebetween theSalvagedBasequantityproducible fromthe removalquan-
tities and the requiredSalvagedBase quantity. Additionally, any removal quantities in
excess of that required for Salvaged Base production shall become the Contractor’s
property.

The “Basis of Estimate” contained in the Plans indicates the approximate removal
quantities, the quantity of aggregate necessary to supplement the salvaged material,
and the approximate blend percentages to be used to produce the Salvaged Base
Course. Depending on the Contractor’s operations, the Salvaged material quantities
shown in theBasis of Estimatemayormaynot be availablewhen theContractor needs
to incorporate themback into theproject asSalvagedBase.TheContractor is responsi-
ble for supplying thematerial required tomake up anySalvagedBase short fall caused
by project phasing. Any make up material supplied by the Contractor shall meet the
requirements of Section 817.02A. All costs for supplying thismake-upmaterial shall
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be paid for as “Salvage Base.” Anymaterial not available due to project phasing shall
ultimately be incorporated into theSalvagedBaseunless otherwise approved in accor-
dance with section 817.02 E.

Materials composing the final combinedSalvagedBase shall be combinedwith a con-
veyor, pugmill, bins or othermechanical device. Combining/blending on the roadway
shall not be permitted.

TheContractormay elect tomine the existingpavement in place prior to removal from
the roadway. If this method is used, the Contractor shall take measurements to ensure
the proper depth is being mined. During the mining operation, the Contractor shall
physicallydigdown, approximatelyevery500feet (eachpass), tomeasure theexisting
pavement and base depth. The results of the measurements shall be made available to
the Engineer daily.

TheSalvagedBase shall be free of reinforcing steel, soil, scoria, andother foreignma-
terials.

817.02 MATERIALS.

A. General.All final combinedmaterials (i.e. SalvagedBase) shallmeet the follow-
ing requirements:

Percent Passing
Sieve Size General Salvaged Base under

Permeable Base
1-1/2 in. 100 100
1 in. 90 -- 100 90 -- 100
No. 4 35 -- 85 N/A
No. 30 16 -- 50 N/A
No. 200 0.0 -- 12.0 N/A

The continuous-reinforced concrete pavement (CRCP), jointed concrete pave-
ment (doweled or non-doweled), median paving, sidewalks, curb and gutter,
driveways, parking lots, ditch liners, existing aggregate base and bituminous
pavement shown in the plans for removal shall be incorporated into the salvaged
base material. In addition to the aforementioned items, any other removed con-
crete or bituminous materials may (at the Contractor’s option) be incorporated
into the salvaged base.

The gradation “Salvaged Base under Permeable Base” will only be allowed for
PCC salvaged material. The salvaged material must be verified as PCC recycle
and free of deleteriousmaterials to the satisfaction of the Engineer prior to use on
the project.

B. Contractor Supplied Salvaged Material. The Contractor may substitute
contractor-supplied salvaged material (i.e. stockpiled material) for the removed
material, as longas the removedmaterial is notwasted and theuseof the substitute
material is acceptable and approved by the Engineer.

C. ProcessedVirginAggregate forBlend. Virgin aggregate used for blendingwith
the salvage material shall be; composed of non-organic granular material, have a
maximum shale content of 12 percent, and have a plasticity index of 0 -- 6.
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D. Processed Virgin Aggregate In Lieu of Salvaged Base. Any virgin aggregate
used in lieu of Salvaged Base shall meet the requirements for Class 5 Aggregate
Base as detailed in Section 816.

E. Use of Removed Materials. The Contractor may request not to incorporate re-
movedmaterial into the Salvaged Base if it is determined that such incorporation
is impractical and not in the publics best interest. The request shall be in writing,
include a detailed justification as to why the use of the removed material is im-
practical, and is subject to the approval of the Engineer. Removal items not incor-
porated into the project shall become the property of the Contractor and disposed
of in accordance with Section 107.10.

F. Bituminous Combined Material.

1. If theContractor intends to use a stockpile containing bituminousmaterial as
the final combined Salvaged Base, he shall, under supervision of the Engi-
neer, supply theEngineerwith three (3) randomsamples, prior to placing any
of the material on the project. These samples shall be taken in accordance
with AASHTO T 2 and be at the Contractor’s expense. At the Owner’s ex-
pense, the samples will be tested, by extraction (AASHTO T 164), for bitu-
men content and the results averaged. Stockpiled material with an initial av-
erage extraction of greater than 3.5 percent will not be allowed as the final
Salvaged Base. Additionally, if any one sample has an extraction of greater
than 4.0 percent, the material shall not be allowed for use as the final Sal-
vaged Base. However, the Contractor may elect to blend the material with
othermaterials tomeet the requirements of Section817.Additionally, as spe-
cified inSection302.02B, routine extraction testingwill beperformed,when
stockpiled material is supplied. In all cases, the final combined Salvaged
Base shall meet all other requirements of Section 817.

2. The Contractor may, at his option, combine stockpiled material containing
bitumenwithaggregateor salvagedconcrete at a ratenot toexceed50percent
stockpile with 50 percent (or more) aggregate or salvaged concrete by
weight, without the required extraction sampling and testing (either initial or
routine as specified in Section 302.02 B). The combining of this material
shall be done off of the road usingmechanical equipment, as required above.
The combined material shall not be stockpiled at the original stockpile site
prior to delivery to the project (stockpiling in the project staging area will be
allowed, as long as the staging area is not at the original stockpile site). Addi-
tionally, the final combined Salvaged Base shall meet all other requirements
of Section 817.

3. If existing bituminous material from the project is incorporated into the Sal-
vaged Base, the bituminous material shall be incorporated at a rate less than
or equal to 50 percent bituminous to 50 percent (or more) aggregate or re-
cycled concrete, byweight.Noextraction testingwill be required for thisma-
terial.

G. Concrete Combined Material.

1. Salvaged concrete (either stockpiled or existingmaterial)may constitute any
portion, up to and including 100 percent, of the final combined material.
However, the final combined Salvaged Base shall meet all other require-
ments of Section 817.
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2. Salvaged concrete shall be free of reinforcing steel, bitumen, soil and other
foreignmaterials. If bitumen is present in the salvagedmaterial, thematerial
shall become subject to the requirements of Section 817.02 B, above. If steel
is present inmaterial tobeusedasSalvagedBase, theContractormayuse any
methodacceptable to theEngineer to remove the steel,whichwill become the
propertyof theContractor. If theContractor chooses towaste the steel, it shall
be disposed of according to Section 107.10.

SECTION 818
BITUMINOUS MATERIALS

818.01 GENERAL REQUIREMENTS.

The original certificate of compliance covering material shipped in each car or tank
truck shall be furnishedat the timeof shipment.The certificate shall be furnished to the
applicable Department’s district office and shall contain the following information:

1. Project Number.

2. Destination.

3. Quantity Contained in Car or Tank Truck.

4. Gross, Tare, and Net Weights if Shipped by Truck.

5. Car Initials and Number or Tank Truck Number.

6. Type and Grade of Bitumen.

7. Date of Shipment.

8. Specific Gravity.

9. Statement that the material meets all of the Specifications.

818.02 SPECIFIC REQUIREMENTS.

A. Asphalt Cement

1. Penetration Graded Asphalt Cement AASHTO M 20. . . . . . . . .

2. Viscosity Graded Asphalt Cement AASHTOM 226 Table 2. . . . . . . . . . .

3. Performance Graded (PG) Asphalt Cement AASHTO M 320*. . . .

*Testing Tolerances will be allowed according to Table 1 of the Department’s Procedure for Acceptance of
PerformanceGraded BituminousMaterial. Acceptance of PG asphalt shall be according to the Combined
State Binder Test Group procedures.
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B. Rapid-Curing Cutback Asphalt AASHTO M 81. . . . . . . . . . . . . . .

C. Medium-Curing Cutback Asphalt AASHTO M 82. . . . . . . . . . . . .

MC3000P shall meet the following requirements:

AASHTO MC3000P
Kinnematic Viscosity @ 140°F. T 201 3000--7000
Flash Point, F (TOC) T 79 150 min.
Water, % T 55 0.2 max.

Distillation Test: Distillate % Volume
to 437°F. --
to 500°F. 0--15%
to 600°F. 15--75%
% Residue to 680°F. T 78 80 min.

Tests on Residue from Distillation
Penetration @ 77°F. T 49* 250 max.
Ductility @ 77°F. T 51 100 min.
Absolute Vix @ 140°F T 202* 300--1200

Tests on Polymerized Base Asphalt
Ductility @ 77°F. T 51 100 min.
Ductility @ 39°F. (5 cm/min, cm) T 51 50 min.
Toughness, inch--pounds ASTM D 5801 75 min.
Tenacity, inch--pounds ASTM D 5801 50 min.
% Polymer 2% solids min.

***Penetration or Viscosity is specified but in no case will both be required.

D. Cationic Emulsified Asphalt.

1. Cationic Emulsified Asphalt shall meet the requirements of AASHTO M
208 with the following exceptions:

a. Grade CMS-2 shall have 5 percent to 15 percent oil distillate by volume
of emulsion.

b. Grade CMS-2h and CSS-1h, the maximum penetration permitted at
77°F. (25°C) 100 gm, 5 sec., in the “Test on Residue from Distillation
Test,” shall be raised to 120.

c. Footnote “b” ofAASHTOM208will not apply to either the storage sta-
bility or the sieve test requirements.

2. Modified Cationic Emulsified Asphalt. Emulsified asphalt grades shall
meet the requirements of AASHTO M 316.

E. Anionic Emulsified Asphalt AASHTO M 140. . . . . . . . . . . . . . . . . .

WhenusingSS-1h, themaximumpenetrationpermittedat 77°F(25 °C)100gm,5
sec, in the “Test on Residue from Distillation”, shall be raised to 120.
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HFRS 2P emulsified asphalt shall be an emulsified blend of polymerized asphalt,
water, and emulsifiers. The asphalt cement shall be polymerizedprior to emulsifi-
cation and shall contain a minimum of 3 percent polymer by weight of asphalt
cement. The emulsion shall be pumpable and suitable for application through a
distributor.

Tests on Emulsions Min Max
Viscosity, Saybolt Furol @ 122°F. 50 400
Storage Stability* Passes
Cure Test** Passes
Sieve (%) 0.1
Demulsibility 50ml 0.10 N CaCl2, %*** 40
Oil Distillate by Volume of Emulsion, %**** 3.0
Residue by Distillation, % 65

Tests on Residue from Distillation Tests
Penetration @ 77°F. (25°C.) 100 200
Ductility @ 39°F. (4°C.) 5 cm/min. cm 30
Softening Point (R & B) Degrees F 100
Elastic Recovery @ 50°F. (10°C.) 55
Float Test @ 140°F. (60°C.) sec 1200

****Storage Stability: In addition to requirement ofAASHTOT59, on examination of the
test cylinder after the emulsion has been standing undisturbed for 24 hours, the sur-
face shall show no white, milky covered substance but shall be a homogenous brown
color throughout.

****The cure test is performed as follows: Pour approximately 1 gram of (HFMS-2P or
HFRS-2P) emulsion onto a metal surface (lid of a 3 oz. Ointment tin). Allow the test
sample to cure at temperatures of at least 80°F under a heat light for four hours. The
outdoor sunlight may be used as a testing site. After the four-hour curing period, the
(HFMS-2P or HFRS-2P) emulsion shall show no tackiness or tendency to stick to the
fingers when pressed.

****This test not a requirement on representative samples is waived if successful applica-
tion of the material has been achieved in the field.

****The distillation test for CRS-2P emulsion shall be in accordance with AASHTO T 59,
8--12 except that the distillation temperature shall bewhat the emulsionmanufacturer
recommends.

Property ASTM Test HFMS-2 HFRS 2P HFRS-2
Viscosity, Sabolt Furol @ 122°F.
(50°C) Note #1 35-150 50-200 50-200

Sieve Test, Retained on #20, max. % Note #1 0.1 0.1 0.1
Storage Stability, 24 hour, max. % Note #1 1.0 1.0 1.0
Asphalt Residue by Distillation,
min. % Note #2 62 65 63

Oil Portion of Distillate by volume,
max. % D 244 3.0 3.0 3.0

Float Test @ 140°F., Seconds, min. Note #3 1200 1200 1200
Solubility in Trichlorethylene,
min. % D 4 97.5 97.5 97.5

Penetration, 77°F., 100 gm, 5 sec. D 5 140--225 140-225 140-225
Apparent Viscosity @ 140°F. D 4957 Note #4 Note #4



551

818.02 E

Demulsibility, 0.02 N CaCl2, min. % D 244 40 40
Demulsibility, 0.1 N CaCl2, min. % 30
Ductility, 77°F., 5 cm/min., cm, min. AASHTO T 51 40 40
Elastic Recovery, 77°F., min. % Note #5 58

Note #1.ASTMMethodD 244 shall be used for the Storage Stability, Sieve Test,
and the Saybolt Furol Viscosity Test. The test results shall be reported, but the re-
quirements may be waived if successful application of the material has been
achieved in the field.

Note #2. AASHTO T 59 will be used except when testing the HFRS 2P the test
shall bemodified to include a 400+ 10°F.maximum temperature to be held for 15
minutes.

Note #3. ASTM Method D 139 shall be used to test the float. When testing
HFMS-2, the residue from distillation shall be poured immediately into the float
collar at 500°F. When testing HFRS-2P, the residue from distillation shall be
poured into the float collar at 400°F. If the residuehasbeenallowed to cool, it shall
be reheated and poured into the collar.

Note #4.Viscosity-Penetration results shall fall within the designated area on the
following chart at a shear rate of 1.0 sec--1. The viscositywill be determined using
aModified Koppers size 100 viscometer tube at 140°F. and 300mmHg vacuum.

Note #5. AASHTO T 51 with the following modifications:

-- Prepare and test one specimen.

-- After filling themoldwith the hot sample, cool to room temperature for a pe-
riod of 30--40 minutes, then place the base plate and filled mold in the water
bath maintained at 50°F. for 85--95 minutes before trimming.

-- Remove the specimen from the bath and immediately position it in the duc-
tilometer, which has a bath temperaturemaintained at 50°F. Proceed to elon-
gate the specimen at the rate of 5 cm/min.

-- Elongate the specimen to 20 cm, then stop the ductilometer. Immediately cut
the elongated specimen approximately in half with a scissors.

-- Allow the specimen to remain in the ductilometer undisturbed for 1 hour.

-- Retract the movable half of the specimen until the two broken ends touch,
then observe the elongated measurements.

-- Calculate: % Elastic Recovery = 20 -- X × 100
20

X = Elongated measurement after rejoining the ends of the specimen.
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F. Recycling Agent.

The recycling agent shall meet the following:

Test
Properties Method Requirements
Viscosity, 140°F., cSt ASTM D 445 200-800
Flash Point, °F., C.O.C. AASHTO T 48 425, Minimum
Solubility in Trichloroethylene,
min. % ASTM D 4 99.0

Saturates, max. % 30
Thin Film Oven Test AASHTO T 179
Loss of Heating, % 4.0%, max.
Viscosity, 140°F., cSt Maximum of 3

time the orig.
viscosity

G. Slow-Curing Cutback Asphalt. Slow-curing cutback asphalt shall meet
ASTM D2026, except that theminimumFlashPoint for theSC800will be240°F.

SECTION 820
FLY ASH

820.01 GENERAL.

Fly ash shall meet the following for the specific type of work:

Type of Work Specification
Portland Cement Concrete AASHTO M 295
Lime Fly Ash Treated Subgrade ASTM C 593
Econocrete AASHTO M 295
Aggregate Base ASTM C 593

Sampling and testing all fly ash shall be at the Contractor’s expense, except as de-
scribed below.

Thechemical compositionof fly ash required tomeetAASHTOM295shallbeClassF
(as described in Table 1 of AASHTO M 295) with the following modifications:

A. The total of silicone dioxide (SiO2) plus aluminumoxide (Al2O3) plus iron oxide
(Fe2O3) shall be at least 66.0 percent by dry weight of the total fly ash composi-
tion.

B. The silicon dioxide (SiO2) shall be at least 40.0 percent by dry weight of the total
fly ash composition.
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C. Loss on Ignition shall be no more than 2.0 percent maximum.

D. The optional requirements of Table 2 shall be required.

In addition to the certificate described below, the Contractor shall supply fly ash test
data to theEngineer in the formof a chemical andphysical analysis report, preparedby
an independent lab, prior to the Department proceedingwith the concrete mix design.
The Department may retest project samples to verify Specification compliance. The
Department will select an independent lab to perform verification testing and will be
responsible for cost of the testing. When performed, the verification tests will be the
basis of acceptance.

Fly ash shall be from an electrical generating plant using a single coal source. Fly ash
producedat plantswhere the limestone injectionprocess isused for controlling air pol-
lutants will be considered unacceptable for use in Portland Cement Concrete. The
Contractor shall provide weather-tight storage facilities for the fly ash either at the
source or on the Project site.

Fly ash delivered to theDepartment and the Project shall be accompanied by aCertifi-
cate of Compliance based on a testing program which ensures a satisfactory and uni-
form product relative to these Specification requirements. The Certificate of Compli-
ance coveringmaterial shipped in each car or tank truck shall be furnished in triplicate
at the time of shipment. The original is to be furnished to the Materials and Research
Engineer, Department of Transportation, 300 Airport Road, Bismarck, North Dakota
58504, with one copy going to the consignee and one copy to the Engineer.

The certificate shall contain the following information:

A. Project number and name of Contractor.

B. Fly ash source by name of company and location of plant.

C. Quantity contained in tank truck or railroad car.

D. Gross, tare, and net weight if shipped by truck.

E. Car initials and number or tank truck number.

F. Date of shipment.

G. Statement that the material meets all Specification requirements.

H. Signature of the person having legal authority to bind the supplier.

SECTION 822
PENETRATINGWATER REPELLENT

822.01 GENERAL.

The penetrating water repellent treatment solution shall consist of an Organo Silicon
compounddissolved in a suitable solvent carrier that,when applied, produces ahydro-
phobic surface covalently bonded to the concrete.
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The Organo Silicon compound shall be one of the following:

ALKYL-ALKOXYSILANE
OLIGOMEROUS ALKYL-ALKOXYSILOXANE

The solvent will leave less than 1 percent residue upon evaporation.

The solution shall contain aminimumof 40 percent solids. Thematerial shall be certi-
fied tomeet or exceed the performance criteria listed below based on a single applica-
tion of the solution according to the manufacturer’s recommended rate of coverage.

The penetration water repellent treatment solution shall not stain, discolor, or darken
concrete. Application of the solution shall not alter the surface texture or form a coat-
ing on concrete surfaces and shall be compatible with the use of special surface finish
texture coatings as specified. Treated concrete shall be surface dry within 30 minutes
after application.

822.02 TESTING.

The treated concrete shall meet the following requirements:

A. Absorption.

Test Duration Max. Absorption Method
Water Immersion 48 hrs. 1% by weight ASTM C 642

50 days 2% by weight ASTM C 642

B. Chloride Ion Penetration.

Test Duration Max. Absorption Cl- Method
Salt Water Ponding* 90 days 0.75 lb. per cu. yd. AASHTO T 259

Depth: 1/2 inch AASHTO T 260
to 1 inch

*Based on non-abraded specimens.

C. Treatment Penetration.

Test Minimum Depth Method
Penetration 0.15 inch DOT Procedure*

*Refer to the Department’s Field Sampling and Testing Manual.

D. Vapor Permeability.

Treated concrete shall retain itsmoisture vapor permeability as determined by the
Department’s test procedure.

SECTION 824
DAMPPROOFING ANDWATERPROOFING

824.01 PRIMER.

Primer for usewith asphalt in dampproofing andwaterproofing shallmeetASTMD41.
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824.02 ASPHALT FOR DAMPPROOFING ANDWATERPROOFING.

Asphalt for dampproofing and waterproofing shall meet ASTM D 449.

824.03 WOVEN COTTON FABRIC.

Woven cotton fabric saturated with bituminous substances for use in waterproofing
shall meet ASTM D 173.

824.04 BLACK POLYETHYLENE MEMBRANE.

BlackPolyethyleneMembrane shall be a blackpolyethylene sheeting0.010 inch thick
plus rubberized asphalt 0.060 inch thick for a total nominal thickness of 0.070 inch.
The exposed face of the rubberized asphalt shall have a removeable covering which
shall remain on the membrane until it is ready to be placed.

A. Primer.The primer to be usedwith black polyethylenemembrane shall be a type
recommended by the membrane manufacturer.

B. Joint Sealing Mastic. The joint sealing mastic shall be a type recommended by
the membrane manufacturer.

SECTION 826
JOINT MATERIALS

826.01 GENERAL

The crack sealant compound shall be packaged in sealed containers. Each container
shall be clearlymarked with the name of themanufacturer, the trade name of the seal-
ant, the type of sealant, theweight, themanufacturer’s batch and lot number, the pour-
ing temperature, and the safe heating temperature.

TheContractor shall submit a sampleof the sealant to theMaterials andResearchDivi-
sion threeweeksprior to being usedon theProject. The sample shall be clearlymarked
with theContractor’snameand theProject number.Prior approvalof anyspecific seal-
ant material shall be required from the Materials and Research Division before it can
be used on the Project.

A copy of themanufacturer’s recommendations pertaining to the heating and applica-
tion of the joint sealant material shall be submitted to the Engineer before the com-
mencement of work. These recommendations shall be adhered to and followed by the
Contractor. The temperature of the sealer in the field application equipment shall not
exceed the safe heating temperature recommended by the manufacturer. Any given
quantity of material shall not be heated at the pouring temperature for more than
six hours and shall never be reheated.Material shall not be placed if the temperature is
below the manufacturer’s recommended minimum application temperature.
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Mixingof differentmanufacturer’s brandsor different typesof sealant shall beprohib-
ited.

Sealantmaterialsmay be placed during a period of rising temperature after the air tem-
perature in the shade and away from artificial heat has reached 40°F. and indications are
for a continued rise in temperature. During a period of falling temperature, the place-
ment of sealantmaterial shall be suspendedwhen the air temperature, in the shade and
away from artificial heat, reaches 40°F. Sealants shall not be placedwhen theweather
or roadbed conditions are unfavorable.

826.02 MATERIALS

A. Hot Applied Joint Sealant.

1. Type 1 Crumb-Rubber Joint Sealant. . . . . . . . . . . . . . . . . . . . . . . . . . . . .

The joint sealant material shall be a single component, hot-poured sealant
meeting the requirements of AASHTOM 324 Type I and shall have a mini-
mum softening point of 190_F. (88_C.), as determined by ASTMD 36. The
sealant shall resist softening and pickup by vehicle tires in the summer and
cracking in the winter when used in this application. Plasticizers and fillers
may be added as necessary to meet the requirements specified.

The sealant shall consist of a blend of asphalt cement and vulcanized granu-
lated crumb tire rubber. The asphalt cement shall meet the requirements of
AASHTO M 20 or M 226. The minimum percentage of crumb tire rubber
added shall be 12 percent of the total weight of the sealant-rubber mixture.

The granulated crumb tire rubber shall be free of fabric, wire, cord, and other
foreign material. Calcium carbonate may be added at a rate not to exceed 4
percent of the total weight of the crumb rubber to prevent the rubber particles
fromsticking together.Thegranulatedcrumbrubber shallmeet the following
requirements:

a. Gradation.

Sieve Size Percent Passing
#8 100
#10 95 -- 100
#30 0 -- 20
#50 0 -- 5

b. Specific Gravity of 1.15 0.02

Acceptance. Joint Sealants that meet the quality requirements specifiedwill
be accepted at the contract unit price. Sealants that fail to meet the require-
ments specified but the quality deviation is not serious enough to materially
affect the work quality will be paid for as follow:

PriceReductionCriteria.Reducepayment for thecrumbrubber joint sealer
by 20 percent if the Bond or Flow fails.

The payment for Penetration is reduced by the following schedule. Use the
average of the original and check sample to determine the percentage of vari-
ation.
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Variation of Penetration Deduct Factor
0.1--5% 5%
5.1--10% 10%
10.1--15% 15%
> 15% 20%

The payment for Softening Point is reduced by the following schedule. Use
the average of the original and check sample to determine the temperature
variation.

Temperature Variation (Degrees C) Deduct Factor
85--87.9 5%
80--84.9 10%
< 80 20%

2. Type 2 AASHTO M 324 Type IV. . . . . . . . . . . . . . . . . . . . . . . .
with the following modifications:

Penetration at 77°F. 120 -- 150. . . . . . . . . . . . . . . . . . . . . . . . . .
Bond at --20°F., 3 cycles,
200 percent extension Pass. . . . . . . . . . . . . . . . . . . . . . . .
The Sealant shall weigh not less than 9.0 nor more than 9.35 lbs./gallon.

Acceptance. Joint Sealants that meet the quality requirements specifiedwill
be accepted at the contract unit price. Sealants that fail to meet the require-
ments specified but the quality deviation is not serious enough to materially
affect the work quality will be paid for as follow:

Price Reduction Criteria. Reduce payment for the crack sealer by 20 per-
cent if the Bond or Flow fails.

The payment for Penetration is reduced by the following schedule. Use the
average of the original and check sample to determine the percentage of vari-
ation.

Variation of Penetration Deduct Factor
0.1--5% 5%
5.1--10% 10%
10.1--15% 15%
> 15% 20%

B. Cold Applied Joint Sealant.

1. Type 5 Low Modulus Silicone Sealant.. . . . . . . . . . . . . . . . . . . . . . . . . . .
The LowModulus Silicone Sealant shall be furnished in a one-part silicone
formulation. The silicone sealant material shall have a movement capability
of +100 percent and --50 percent of joint width. The silicone sealantmaterial
shall be tack free prior to opening the roadway to traffic. This material shall
meet the following requirements:

Test Limit Method
Flow 0.3 inch maximum ASTM C 639
Extrusion Rate 75--250 grams/min. ASTM C 603
Specific Gravity 1.010--1.515 ASTM D 792,

Method A
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Durometer Hardness
Type A: (cured 7 days
at 77°F. ± 3° and
45% to 50% R.H.) 10--25 (0°F.) ASTM D 2240

Tensile Stress (at
150% elongation,
7-day cure at 77°F. ± 3°
and 45% to 50% R.H.) 45 psi maximum ASTM D 412

(Die C)

Elongation: (7-day
cure at 77°F. ± 3°
and 45% to 55% R.H.) 1,000% minimum ASTM D 412

(Die C)

Movement capability and No adhesive or ASTM C 719*
adhesion (7-day cure cohesive failure
in air, 77°F. ± 3° then after 10 cycles (0°F.)
7 days in water,
77°F. ± 3°)

Bonded to concrete mortar 50 psi minimum AASHTO
concrete briquets T 132**
(air cured 7 days at
77°F. ± 3°)

*A 1-inch by 2-inch by 3-inch concrete block shall be prepared according to ASTM C 719. A
sawed face shall be used for the bond surface. Two inches of block shall be sealed leaving 1/2
inch on each end of the specimen unsealed. The depth of the sealant shall be 3/8 inch and the
width 1/2 inch. The sealant shall be subject to a movement according to ASTMC 719 at the rate
of 1/8 inch per hour. One cycle is defined as an extension to one inch and returning to the initial
1/2 inch width.

**Briquets,molded according toAASHTOT132, shall be sawed in half and bondedwith approxi-
mately 10 mils of sealant and tested using clips meeting AASHTO T 132. The briquets shall be
dried to a constant weight in an oven at 100°C.± 5°. They shall be tested in tension at a loading
rate of .3 inch/minute.

Backer rod shall be a“Type1” rodmaterial intended forusewithcold-applied
sealants in accordance with ASTMD 5249 -- 95. The width of the backer rod
shall be as recommended by themanufacturer for the required sawcutwidth.
No bond or reaction shall occur between the rod and the sealant.

C. Preformed Expansion Joint Fillers for Structural Construction.
AASHTO M 213. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

D. Preformed Expansion Joint Filler for Concrete (Bituminous Type).
AASHTO M 33. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

E. Rubber Gaskets. AASHTO M 198. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

F. Flexible Gaskets. AASHTO M 198. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

G. Preformed Elastomeric Compression Joint Seal for Concrete.
AASHTO M 220. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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SECTION 830
PIPE

830.01 CONCRETE PIPE.

TheDepartmentwill evaluate the fabricator’s concrete pipe plant according toDepart-
ment procedures. The results of this evaluation will determine if the material may be
accepted by “Certificate of Compliance.” The results of tests shall govern acceptance
or rejection of materials tested.

A. Concrete Sewer, Storm Drain, and Culvert Pipe. AASHTO M 86. . . . . . .

B. Reinforced Concrete Culvert, Storm Drain, and Sewer Pipe. This pipe shall
meetAASHTOM-170,M-206, orM-207 for the specifieddiameters and strength
class except that aggregate shallmeet the requirementsofSection816.01A.2. and
816.02 A.2.

C. Precast Reinforced Concrete Manhole Sections. . . AASHTO M 199. . . . .

D. Fasteners and Tie Bolts. Tie bolts and nuts shall be of steel meeting ASTM A
307 Grade A. Washers shall be of steel meeting ASTM A 366 or ASTM A 569.
Fastener castings shall be gray iron castings meeting ASTM A 48 Class 20.

830.02 METAL PIPE.

A. Ductile Iron Sewer Pipe. ASTM A 746. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

B. Metallic (Zinc or Aluminum) Coated Corrugated Steel Culverts, Storm
Drains, and Underdrains. AASHTO M 36. . . . . . . . . . . . . . . . . . . . . . . . . . .

C. Corrugated AluminumAlloy Culverts and Underdrains. AASHTO M 196

D. Smooth Wall Steel Pipe Culvert.Smoothwall steelpipeculvert shall bewelded
steel pipe of newmaterial, meeting ASTMSpecifications A 139, Grade B with a
minimum yield strength of 35,000 psi. The following minimum wall thickness
shall be used:

Diameter
of Pipe

MinimumWall Thickness
Through Roadway
Embankment

MinimumWall Thickness
Through Railroad
Embankment

24 inches
30 inches
36 inches

0.250 inch
0.312 inch
0.375 inch

0.344 inch
0.406 inch
0.469 inch

E. Structural Plate For Pipe, Pipe Arches, and Arches. AASHTO M 167. . .
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F. AluminumAlloy Structural Plate for Pipe, Pipe Arches, and Arches.
AASHTO M 219. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

G. Polymer-Coated Corrugated Steel Pipe

1. Steel Pipe. AASHTO M 246. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

2. Polymer-Coated Corrugated Steel Pipe. AASHTO M 245. . . . . . . . . .

All Polymer-Coated Corrugated Steel Pipe shall have helical corrugations
with a continuous lock seam extending the length of each pipe.

All pipe ends shall be re-rolled to form annular corrugations extending at
least two corrugations from the pipe end to facilitate field jointing.

3. Coupling Bands. AASHTO M 246. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

The coupling bands shall conform with the same polymer coating grade as
that used for fabrication of the polymer-coated corrugated steel pipe, and
having the same metallic coating.

830.03 PLASTIC PIPE.

A. Plastic Pipe for Non-Pressure Drainage of Sewage and Surface Water (out-
side buildings). Plastic pipe for non-pressure drainage of sewage and surface
water shall meet the following:

1. Acrylonitrile-Butadiene-Styrene (ABS). ASTM D 2680. . . . . . . . . . . .

2. Acrylonitrile-Butadiene-Styrene (ABS). ASTM D 2751. . . . . . . . . . . .

3. Type PSM, Polyvinyl Chloride (PVC). ASTM D 3034. . . . . . . . . . . . .
or. . . . . . . . . . . . . . . . . . . . . . . . . . . . ASTM F 949. . . . . . . . . . . . . . . . .

4. Perforated, Corrugated, P.E., or Plastic Pipe. AASHTO M 252. . . . .

B. Plastic Pipe forWater Distribution Lines (outside buildings). Plastic pipe for
water distribution lines shall meet the following:

1. Acrylonitrile-Butadiene-Styrene (ABS). ASTM D 1527. . . . . . . . . . . .
Schedules 40 and 80.

2. Polyethylene (PE). ASTM D 2104, Schedule 40. . . . . . . . . . . . . . . . . . .

3. Polyvinyl Chloride (PVC) and Chlorinated Polyvinyl Chlorid (CPVC)
Plastic Pipe (SDR-PR). The PVC and CPVC compounds shall meet
ASTM D 1784 and shall be Class 12454-B (Type 1, Grade 1).

4. Polybutylene (PB) Plastic Pipe (SDR-PR) ASTM D 2662. . . . . . . . . . .

C. Plastic Drain, Waste and Vent (DWV) Pipe and Fittings. Plastic drain,
waste, and vent pipe and fittings shall meet the following:
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1. Acrylonitrile-Butadiene-Styrene (ABS). ASTM D 2661. . . . . . . . . . . .

2. Polyvinyl Chloride (PVC). ASTM D 2665. . . . . . . . . . . . . . . . . . . . . . .

3. Polyvinyl Chloride (PVC). ASTM D 2949. . . . . . . . . . . . . . . . . . . . . . .

D. Plastic Hot and Cold Water Distribution Systems (inside buildings).Plastic
hot and cold water distribution systems shall meet the following:

1. Polybutylene (PB). ASTM D 3309. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

2. Chlorinated Polyvinyl Chloride (PVC). ASTM D 2846. . . . . . . . . . . . .

E. Plastic Gas Pipe, Tubing, and Fittings. ASTM D 2513. . . . . . . . . . . . . . . . .

F. Corrugated Polyethylene Culverts. AASHTO M 294. . . . . . . . . . . . . . . . . .

SECTION 834
STRUCTURAL STEEL AND RELATED MATERIALS

834.01 STRUCTURAL STEEL.

A. Structural Carbon Steel. AASHTO M 270, Grade 36. . . . . . . . . . . . . . . . . .

B. High Strength, LowAlloy Steel. AASHTO M 270, Grade 50. . . . . . . . . . . . .

C. High Strength, LowAlloy Structural Steel. AASHTO M 270, Grade 50W.
AASHTO M 270, Grade 50W steel in unpainted application shall all be of the
same type and from the same source.

D. High Strength Steel Plate. AASHTOM270, Grade 100. . . . . . . . . . . . . . . .

E. Structural Steel for Pins and Rollers. Structural steel for pins and rollers 9
inches or less in diameter shall meet either AASHTOM102, Class C, D, F, or G;
or AASHTO M 169, Grades 1016 to 1030.

834.02 MISCELLANEOUS METAL.

A. Steel Forgings. AASHTO M 102, Classes C, D, F, or G. . . . . . . . . . . . . . . . . .

B. Steel Castings. This material shall meet the following requirements:

1. Carbon Steel Castings. AASHTOM 192, Class 70. . . . . . . . . . . . . . . . .

2. ChromiumAlloy Steel Castings. AASHTOM 163, Grade CA 15. . . . . .
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C. Gray Iron Castings. AASHTOM 105, Class 35 B. . . . . . . . . . . . . . . . . . . . .

D. Malleable Castings. ASTM A 47, Grade No. 35018. . . . . . . . . . . . . . . . . . . .

E. Ductile Iron Castings. ASTMA 536, Grade 60-40-18. . . . . . . . . . . . . . . . . .

F. Bronze Bearing and Expansion Plates. AASHTO M 107, Alloys C-91300 or
C-91100

G. Rolled CopperAlloy Bearings and Expansion Plates. AASHTO M 108. .

H. Cast Aluminum. AASHTO M 193. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

I. Lead Sheets and Plates. ASTM B 29, Common Lead. . . . . . . . . . . . . . . . . .

J. Brass Sheets. ASTM B 36. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

K. Copper Sheets. AASHTO M 138. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

834.03 BOLTS, NUTS, ANDWASHERS.

A. Unfinished Regular Bolts and Nuts. ASTM A 307. . . . . . . . . . . . . . . . . . . .

B. High Tensile Strength Bolts, Nuts, and Washers.

All bolts shall meet AASHTO M 164 and these revisions.

All nuts shall meet AASHTOM292 as applicable or AASHTOM291 and these
revisions.

All washers shall meet AASHTO M 293 and these revisions.

1. Manufacturing.

a. Bolts.

(1) Hardness for bolt diameters 1/2 inch to 1 inch inclusive shall be as
noted below:

Hardness Number

Bolt Size, In. Brinell Rockwell C
Min. Max. Min. Max.

1/2 to 1 inch 248 311 24 33

b. Nuts.

(1) Nuts to be galvanized (hot dip ormechanically galvanized) shall be
heat treated grade 2H, DH, or DH3.

(2) Plain (ungalvanized) nuts shall be grades 2,C,D, orC3with amini-
mumRockwell hardness of 89 HRB (or Brinell hardness 180 HB),
or heat treated grades 2H, DH, or DH3.



564

834.03 B.1.b.(3)

(3) Nuts that are to begalvanized shall be tappedoversize theminimum
amount required for proper assembly. The amount of overtap in the
nut shall be so the nut assembles freely on the bolt in the coated con-
dition and shall meet the mechanical requirements of AASHTOM
291and the rotational-capacity test herein (the overtapping require-
ments ofAASHTOM291, paragraph7.4 shall be consideredmaxi-
mum values instead of minimum, as currently shown).

(4) Galvanizednuts shall be lubricatedwitha lubricant containingadye
of any color that contrasts with the color of the galvanizing.

c. Marking.All bolts, nuts, and washers shall be marked according to the
appropriate AASHTO Specifications.

2. Testing.

a. Bolts.

(1) Proof load tests (ASTM F 606, Method 1) are required. Minimum
frequency of tests shall be as specified in AASHTO M 164, para-
graph 9.2.4.

(2) Wedge tests on full size bolts (ASTM F 606 paragraph 3.5) are re-
quired. If bolts are to be galvanized, tests shall be performed after
galvanizing. Minimum frequency of tests shall be as specified in
AASHTO M 164, paragraph 9.2.4.

(3) If galvanized bolts are supplied, the thickness of the zinc coating
shall bemeasured.Measurements shall be takenon thewrench flats,
or top of bolt head.

b. Nuts.

(1) Proof load tests (ASTM F 606, paragraph 4.2) are required. Mini-
mum frequency of tests shall be as specified in AASHTO M 292,
paragraph 7.1.2.1. If nuts are to be galvanized, tests shall be per-
formed after galvanizing, overtapping, and lubricating.

(2) If galvanized nuts are supplied, the thickness of the zinc coating
shall bemeasured.Measurements shall be takenon thewrench flats.

c. Washers.

(1) If galvanized washers are supplied, hardness testing shall be per-
formed after galvanizing. (Coating shall be removed before taking
hardness measurements.)

(2) If galvanizedwashers are supplied, the thickness of the zinc coating
shall be measured.

d. Assemblies.

Rotational-capacity tests are required and shall be performed on all
black or galvanized (after galvanizing) bolt, nut, andwasher assemblies
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by the manufacturer or distributor prior to shipping. Washers are re-
quired as part of the test even though theymay not be required as part of
the installation procedure.

The following shall apply:

(1) Except as modified herein, the rotational-capacity test shall be per-
formed according to AASHTO M 164.

(2) Each combination of bolt production lot, nut lot, and washer lot
shall be tested as an assembly. Where washers are not required by
the installationprocedures, theyneednot be included in the lot iden-
tification.

(3) Arotational-capacity lot number shall be assigned to eachcombina-
tion of lots tested.

(4) Theminimumfrequencyof testing shall be twoassemblies per rota-
tional-capacity lot.

(5) The bolt, nut, andwasher assembly shall be assembled in a Skidmore-
Wilhelm Calibrator or an acceptable equivalent device. For short
bolts which are too short to be assembled in the Skidmore-Wilhelm
Calibrator, see Section 834.03 B.2.d.9.

(6) The minimum rotation, from a snug tight condition (10 percent of
the specified proof load), shall be:

240 degrees (2/3 turn) for bolt lengths < 4 diameters
360 degrees (1 turn) for bolt lengths > 4 diameters and< 8 diameters
480 degrees (1-1/3 turn) for bolt lengths > 8 diameters

(7) The tension reached at the above rotation shall be equal to or greater
than 1.15 times the required installation tension. The installation
tension and the tension for the turn seat are shown below:

Diameter (In.) 1/2 5/8 3/4 7/8 1 1-1/8 1-1/4 1-3/8 1-1/2
Req. Installation
Tension (kips) 12 19 28 39 51 56 71 85 103
Turn Test
Tension (kips) 12 22 32 45 59 64 82 98 118

(8) After the required installation tension listed above has been ex-
ceeded, one reading of tension and torque shall be taken and re-
corded. The torque value shall meet the following:

Torque: less than or equal to 0.25 PD

Where:

Torque = measured torque (foot-pounds)
P = measured bolt tension (pounds)
D = bolt diameter (feet)
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(9) Bolts that are too short to test in a Skidmore-Wilhelm Calibrator
may be tested in a steel joint. The tension requirement of Sec-
tion 834.03 B.2.d.7 need not apply. The maximum torque require-
mentofSection 834.03B.2.d.8 shall be computedusingavalueofP
equal to the turn test tension shown in the table in Section 834.03
B.2.d.7.

e. Reporting.

(1) The results of all tests (including zinc coating thickness) required
herein and in the appropriate AASHTO Specifications shall be re-
corded on the appropriate document.

(2) Location where tests are performed and date of tests shall be re-
ported on the appropriate document.

f. Witnessing.

The tests need not be witnessed by an inspection agency; however, the
manufacturer or distributor that performs the tests shall certify that the
results recorded are accurate.

3. Documentation.

a. Mill Test Report(s) (MTR).

(1) MTR shall be furnished for all mill steel used in the manufacture of
bolts, nuts, or washers.

(2) MTR shall indicate the place where the material was melted and
manufactured.

b. Manufacturer Certified Test Report(s) (MCTR).

(1) The manufacturer of the bolts, nuts, and washers shall furnish test
reports (MCTR) for the item furnished.

(2) Each MCTR shall show the relevant information required accord-
ing to Section 834.03 B.2.e.

(3) The manufacturer performing the rotational-capacity test shall in-
clude on the MCTR:

(a) The lot number of each of the items tested.

(b) The rotational-capacity lot number as required in Sec-
tion 834.03 B.2.d.3.

(c) The results of the tests required in Section 834.03 B.2.d.

(d) The pertinent information required in Section 834.03 B.2.e.2.

(e) A statement that MCTR for the items meet this Specification
and the appropriate AASHTO Specification.



567

836.01

(f) The locationwhere the bolt assembly components weremanu-
factured.

c. Distributor Certified Test Report(s) (DCTR).

(1) TheDCTRshall includeMCTRabove for thevariousbolt assembly
components.

(2) The rotational-capacity test may be performed by a distributor (in
lieu of a manufacturer) and reported on the DCTR.

(3) The DCTR shall show the results of the tests required in Sec-
tion 834.03 B.2.d.

(4) The DCTR shall also show the pertinent information required in
Section 834.03 B.2.e.2.

(5) The DCTR shall show the rotational-capacity lot number as re-
quired in Section 834.03 B.2.d.3.

(6) The DCTR shall certify that theMCTR are conforming to this Spe-
cification and the appropriate AASHTO specifications.

4. Shipping.

a. Bolts, nuts, andwashers (where required) from each rotational-capacity
lot shall be shipped in the same container. If there is only one production
lot number for each size of nut andwasher, the nuts andwashersmay be
shipped in separate containers. Each container shall be permanently
marked with the rotational-capacity lot number such that identification
will be possible at any stage prior to installation.

b. The appropriate MTR, MCTR, or DCTR shall be supplied to the Engi-
neer for acceptance prior to installation.

C. Direct Tension Indicators. ASTM F 959. . . . . . . . . . . . . . . . . . . . . . . . . . . .

834.04 PERMANENT METAL CONCRETE FORMS.

Permanent metal forms for concrete floor slabs shall be of zinc-coated (galvanized)
steel sheetsmeetingASTMA924with coating class ofG235 according toASTMA635.

SECTION 836
REINFORCING STEEL

836.01 HEAT NUMBERS.

All reinforcement delivered to a Project shall be tagged with a metal or plastic tag
showing the manufacturer’s heat number. Numbers shall be embossed, engraved, or
printed in waterproof ink.
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836.02 BARS.

A. Deformed and Plain Billet Bars for Concrete Reinforcement.
AASHTO M 31, Grade 40 or 60. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

B. Epoxy Coated Reinforcing Bars. AASHTO M 284. . . . . . . . . . . . . . . . . . . .

C. Fabricated Steel Bar or Rod Mats for Concrete Reinforcement.
AASHTO M 54, Grade 40 or 60. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

836.03 WIRES.

A. Welded Deformed Steel Wire Fabric. AASHTO M 221. . . . . . . . . . . . . . . .

B. Deformed Steel Wire for Concrete Reinforcement. AASHTO M 225. . . .

C. Welded Steel Wire Fabric. AASHTO M 55. . . . . . . . . . . . . . . . . . . . . . . . . .

D. Cold Drawn Steel Wire for Concrete Reinforcement. AASHTO M 32. . .

E. High Tensile Wire Strand and Bars.

1. Post-tensioning Steel. For the post-tensioning method of construction, the
prestressing steel shall be high-tensile wire, high-tensile wire strand or rope,
or high-tensile alloy bars, uncoated and stress relieved.

High-tensilewire shallmeetAASHTOM204andhigh-tensilewire strandor
rope shall meet AASHTO M 203. High-tensile alloy bars shall meet
AASHTO M 275.

2. Pre-Tensioning Steel. AASHTO M 203. . . . . . . . . . . . . . . . . . . . . . . . .

836.04 DOWEL BARS AND TIE BARS FOR PAVEMENT JOINTS.

Dowel bar for transverse expansion or contraction joints in PortlandCementConcrete
pavement shall be plain, round bars fabricated from steel meeting AASHTO M 31 or
M 322.

Dowels shall be saw cut to the required length and cleaned to remove all cutting burrs,
loosemill scale, rust, grease, and oil. The barsmay be sheared providing the deforma-
tion of the bars from true round shape does not exceed 0.04 inch in diameter or thick-
ness, and shall not extend more than 0.04 inch from the sheared end.

The free end of dowels for expansion joints shall be fitted with a metal sleeve of an
approveddesigncovering2 inches±1 inchof thedowel.The sleeve shall have aclosed
endanda stop tohold the closedendat least one inch fromthe endof thedowel bar.The
sleeve shall not collapse or distort in shape in handling and placing of the dowels and
concrete.

All dowels shall be Epoxy coated in accordance with AASHTO M 284. Freshly ex-
posed steel as a result of shearing, saw-cutting, or cutting by other means during the
fabrication process is acceptable on the ends of tie or dowel bars used in pavement
joints.
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Tie bars for the centerline joint and adjoining driving lanes in Portland Cement Con-
crete pavement shall be epoxy coated,meeting the requirements in 836.02B.All other
tie bars shall meet AASHTO M 31, Grade 40 deformed.

SECTION 840
PILING

840.01 STEEL PILING.

A. Steel H-Piling and Special Sections.Materials for steel piling and special sec-
tions shall meet AASHTO 270 Grade 50.

B. Shells for Steel Encased Concrete Piling.Shells for steel encased concrete pil-
ing may be either cylindrical pipe or tapered fluted.

Cylindrical pipe shells shall be electric welded steel pipe or seamless steel pipe
and shall meet ASTMA 252, Grade 2. End closure plates shall be 3/4-inch flat
steel plateweldeddirectly to thepipe and shall not project beyond the perimeter of
the pile.

840.02 TIMBER PILING.

A. Requirements. All Timber Piling shall be clean-peeled and meet ASTM D 25.

B. Dimensions. Piles shall have the following minimum diameters:

Length of Piles 3 Feet from Butt At Tip
Diameter (Inches)

Under 40 feet
40 -- 74 feet
75 -- 90 feet
Over 90 feet

12
13
13

8
7
6

As shown on the Plans

C. Treatment.Where required, treatment of timber piling shall be according to Sec-
tion 846 and will be accepted on certification according to Section 801.01. This
certificate shall include species of timber, type of preservative, and method of
treatment.

840.03 SHEET PILING FOR PERMANENT INSTALLATION.

A. Steel Sheet Piling. This material shall meet AASHTO M 202.

B. Corrugated Steel Sheet Piles. The steel sheet piles shall be of the continuous in-
terlock type and of the lengths and sectionmodulus specified. The sheeting shall
be new and the base metal shall be open hearth steel.
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The interlock shall be formed by bending themetal through 180 degrees ormore,
leaving an opening of sufficient size to allow free slippage of the adjoining sheet
pile, but maintaining a reasonably snug fit.

Eachsheetpile shall be true, straight, anduniformin section.Corner sections shall
be of the same section modulus and metal as the regular sections.

When required, galvanizing shallmeetASTMA525CoatingDesignationG210.

SECTION 844
STRUCTURAL TIMBER, LUMBER, AND HARDWARE

844.01 STRUCTURAL TIMBER AND LUMBER.

This material shall meet AASHTO M 168.

844.02 HARDWARE.

A. Timber Connectors.The dimensions and types of all connectors shall be shown
in the Contract. The materials for connectors shall be as follows:

1. Split Ring, ToothRing, andShear PlateConnectors shallmeetASTMA711.

2. Spike Grid Connectors shall meet ASTM A 47, Grade 35018.

3. All connectors, except those ofmalleable iron, shall be galvanized according
to AASHTO M 111.

B. Hardware.Bolts, rods, drift-bolts, and dowelsmaybe eitherwrought iron orme-
dium steel. Washers shall be made integral with the heads and nuts and their di-
ameters shall be at least four times the diameter of the respective bolts. Hardware,
nails, and spikes shall be galvanized according to AASHTO M 232.

SECTION 846
PRESERVATIVES AND PRESSURE TREATMENT

PROCESSES FOR TIMBER

846.01 TIMBER PRESERVATIVES.

This material shall meet AASHTO M 133.
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SECTION 848
MASONRY UNITS AND BRICK

848.01 MATERIALS.

A. Concrete Masonry Units for Construction of Catch Basins and Manholes
ASTM C 139. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

B. Building Brick (Made from Clay or Shale). AASHTO M 114. . . . . . . . . . .

SECTION 852
PAINTS, OILS, AND THINNERS

852.01 MATERIALS.

Paints, oils, and thinners shall meet the following:

A. Aluminum Paint. AASHTO M 69. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

B. Lamp Black. ASTM D 209. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

C. Chrome Yellow and Chrome Orange. ASTM D 211. . . . . . . . . . . . . . . . . . .

D. Enamels. The enamel shall meet the general requirements of Federal Specifica-
tions TT-E-529 Enamel, Alkyd, Semi-Gloss (Class A Air-drying) with the fol-
lowing exceptions:

1. Alkyd resin shall be an alkyd meeting Federal Specification TT-R-266a
Resin, Alkyd (Type I or Type II).

2. Specular gloss, 60 degrees, shall be in the range of 40 to 70.

SECTION 854
GALVANIZING

854.01 GALVANIZING.

Galvanizing shall meet AASHTO M 111 or AASHTO M 232.
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854.02 DAMAGED GALVANIZED COATINGS.

Repair of damaged galvanized coatings shall meet ASTM A 780.

SECTION 856
EROSION CONTROL BLANKET AND

TURF REINFORCEMENT MAT

856.01 EROSION CONTROL FABRIC.

The erosion control blanket (ECB) shall be of organic biodegradable mulch material
suchas straw, curledwoodexcelsior, coconut fiber, or anycombinationof thesemater-
ials. The ECB shall have a consistent thickness of mulch material evenly distributed
over the entire area. The ECB materials must be secured on at least one side with
netting. The nettingmust be of photodegradable polypropylene or other plasticmater-
ial fused to the strand intersections. The ECB shall be a minimumwidth of 48 inches
and shall be weed and pest free.

A. WoodExcelsiorBlanket.Thewoodexcelsior blanket shall consist of amachine-
produced blanket of cured wood excelsior in which 80 percent of the fibers are 6
inches or longer. The wood excelsior blanket shall be smolder-resistant without
using additives.

B. StrawBlanket.The strawblanket shall consist of amachine-produced blanket of
100 percent certified weed-free agricultural straw by an accredited agency in
which 80 percent of the fibers are 3 inches or longer.

C. Straw and Coconut Blanket. The straw and coconut blanket shall consist of a
machine-produced blanket of 70 percent straw and 30 percent coconut fibers by
weight in which 80 percent of the fibers are 3 inches or longer.
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Material

Fiber Length 80%
Must Be Greater

Than

Min Mass Per
Unit Area

ASTM D 6475

Min Thickness
ASTM D 6525

Net Opening
Minimum

Max Shear Stress
@ 0.50 inches soil

loss
ASTM D 6460

Slope Gradient
Application

Net Backing
Type

Functional
Longevity

Min Machine
Direction Tensile

Strength
ASTM D 6818

TYPE

TABLE 856--1
EROSION CONTROL BLANKET

ECB 1 ECB 2 ECB 3 ECB 4

Straw Wood Straw Wood Coconut WoodWoodStraw/Coconut

100%
Straw

100%
Straw

100%
Excelsior
Fibers

100%
Excelsior
Fibers

100%
Excelsior
Fibers

100%
Excelsior
Fibers

100%
Coconut
Fibers

70% Straw and
30% Coconut

Fibers

3 inches 3 inches80%>
6 inches 6 inches 80%>

6 inches
80%>
6 inches3 inches3 inches

0.5
lbs/sy

0.5
lbs/sy

0.51
lbs/sy

0.51
lbs/sy

0.69
lbs/sy

0.88
lbs/sy

0.5
lbs/sy

0.5
lbs/sy

0.25
inch

0.25
inch

0.25
inch

0.25
inch

0.25
inch

0.25
inch

0.25
inch

0.50
inch

0.5×0.5
inch

0.75×0.75
inch

0.5×0.5
inch

0.75×0.75
inch

0.5×0.5
inch

0.75×0.75
inch

0.6×0.6
inch

0.75×0.75
inch

1.50
lbs/sy

1.50
lbs/sy

1.75
lbs/sy

2.0
lbs/sy

2.25
lbs/sy

2.25
lbs/sy

1.75
lbs/sy

≤3H:1V <3H:1V--
2H:1V ≤2H:1V 2H:1V--

1.5H:1V ≤1.5H:1V ≤1.5H:1V ≤1H:1V ≤1H:1V

Rapid
Photodegradable
Polypropylene

Polypropylene Polypropylene
Black UV
Stabilized

Polypropylene

≤ 3 months ≤ 12 months 12 to 24 months > 24 months

50 lbs/ft 75 lbs/ft 100 lbs/ft 125 lbs/ft

The information in this table has been derived from information obtained from the
Erosion Control Technology Council. All values must be with 10 percent of the
minimums shown on the table.

856.02 TURF REINFORCEMENT MAT.

The turf reinforcement mat (TRM) shall be three dimensional structure of entangled
filaments. The filaments shall either be bonded by heat fusion and the intersections or
stitchedwith polypropylene, a nylon or polyester threads between twoUV-Stabilized
nettings. TheTRMshall be resistant to biological, chemical, environmental, andultra-
violet degradation. TheTRMshall promote andmaintain the integrity of the grass root
system.
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TABLE 856--2
TURF REINFORCEMENT MAT

TYPE TRM 1 TRM 2

Matrix Fill Material Wood Excelsior, Coconut or
Polymer Fibers

100% Stabilized
Polypropylene Fibers

Min Mass Unit Area
ASTM D 6475
(natural fibers)
6566 (synthetics)

0.625 lbs/sy 0.625 lbs/sy

Minimum Thickness
ASTM D 6525 0.25 inch 0.5 inch

Minimum Roll WidthMinimum Roll Width

Size of Net Opening

6.5 ft 6.5 ft

0.5 × 0.5 inch 0.5 × 0.5 inch

Max Shear Stress
@ 0.50 inches

soil loss ASTM D 6460,
under vegetated conditions

Minimum Tensile Strength
ASTM D 6818 125 lbs/ft 150 lbs/ft

6.0 lbs/sf 8.0 lbs/sf

856.03 STAPLES.

Staples for ECM and TRM shall be constructed of 11 gauge or heavier steel wire and
shall be either U-shaped measuring at least 1 inch across the top and at least 8 inches
along each leg, or shall be T-shaped measuring at least 4 inches across the top and at
least 8 inches in length.

856.04 FABRIC FORMED SLOPE PROTECTION.

Fabric forming material shall consist of specially woven, double-layer, open salvage
fabric joined in a mat configuration. The fabric shall consist of uncoated synthetic
yarnswith sufficient tensile strengthandporosity towithstand thepressureof thegrout
injection pump without breaking the layers of fabric.

Spacer threads capable of a tensile strength of at least 8.0 psi of surface area shall be
woven between the layers at the required distance to control the mat thickness.
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SECTION 858
GEOTEXTILE FABRICS

858.01 GENERAL.

Geotextile fabric shall be a fabric consisting of polymeric filament or yarns such as
polypropylene, polyethylene, polyester, polyamide, or polyvinylidene chloride. The
filaments or yarns shall be formed into a stable network so they retain their relative
position to each other. The geotextile shall be inert to commonly encountered chemi-
cals and meet the properties in the following table:

A. Geotextile Fabrics.

Grab Tensile
Strength1), lbs.,
min.

Grab Tensile
Elongation, %,
min.

Grab Tensile
Strength(1), lbs./
in., min., Wide-
Width Method

Grab Tensile
Elongation, %
max.

Trapezoid Tear
Strength, lbs.,
min. (any
direction)

Puncture Strength
lbs., min.

AOS less than
mm, (greater
than US STD.
Sieve)

Permittivity,
sec.--1, min.

UV Resistance
(After 150 hrs.)
% Strength
Retained

Weight oz/sy

Sewn-Seam
Strength, lbs.

Sewn-Seam
Strength, lbs/in.

S1 S2 D1 D2 D3(3) D4(3) RR R1 R2(4)

ASTM D 4632 180 180 180 80 100 N/A 200 N/A --

ASTM D 4632 N/A N/A N/A N/A N/A N/A 15 N/A --

ASTM D 4595 N/A N/A N/A N/A N/A N/A N/A 270 --

ASTM D 4595 N/A N/A N/A N/A N/A N/A N/A 15 --

ASTM D 4533 50 50 50 25 N/A N/A 50 100 --

ASTM D 4833 75 75 80 25 N/A N/A 80 100 --

ASTM D 4751 0.212 0.150 0.300 0.150 0.125-0.425 0.125-0.425 0.300 0.600 --
(70) (100) (50) (100) (40--120) (40--120) (50) (30)

ASTM D 4491 0.10 0.05 0.50 0.05 0.70 1.0 0.20 0.05 --
relaxed

ASTM D 4355 70 70 70 70 70 N/A 70 70 --

N/A N/A N/A N/A N/A 3.5 N/A N/A --

ASTM D 4632 160 160 160 70 90 N/A 180 N/A --

ASTM D 4884 N/A N/A N/A N/A N/A N/A N/A 240 --

Geotextile
Property

Test
Method

Separation(2) Drains Riprap Reinforcement

GEOTEXTILE FABRIC TYPE

(All values represent minimum roll values. Test results from any sample shall meet or exceed theminimum values listed.)

(1) Weakest principal direction.
(2) Separation Fabrics shall be nonwoven fabrics.
(3) TypeD3andD4 fabricwill only beusedasageotextile fabric sock.The typeD4 fabricwill beknit of 150denier (min.)

polyester yarn, exhibit minimum snag or “run” potential, be factory-applied to maintain a uniform installed weight,
and conform to the outside diameter of the pipe with a snug fit throughout.

(4) Properties will be specified by Plan Note.
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B. Concrete Curing Fabric.The concrete curing fabric shall be a highly absorbent
fabric made from a light colored nonwoven material that weighs a minimum of
eight ounces per square yard.

SECTION 860
FENCE

860.01 CHAIN LINK FENCE.

This material shall meet AASHTO M 181.

860.02 BARBEDWIRE, WOVENWIRE, AND STAPLES.

A. Barbed Wire. Barbed wire shall meet ASTM A 121, Class 1. Brace wire and
loops shall be No. 9 gauge smooth galvanized wire.

B. Woven Wire.Woven wire shall meet ASTM A 116, Class 1.

C. Staples. Staples shall be 1-1/2 inches long and made of No. 9 gauge galvanized
wire.

860.03 STEEL POSTS.

A. Line Posts.Lineposts shallmeet the details shownon thePlans and the following
requirements:

Posts shall be galvanized and meet ASTM A 702, Type B steel.

Wire fasteners shall be furnishedwitheachpost.Theyshall bemadeofgalvanized
wire and shall securely fasten the wire to the posts.

Each post shall have rolled in corrugations, ribs, lugs or notches so constructed as
to engage the fence wires in proper position. Posts with punched tabs intended to
be crimped around the wires shall not be accepted.

B. Angle-Type End, Corner, and Pull Posts. Angle-type end, corner, and pull
posts shall have a nominalweight of 4.10 pounds per foot. Angles for braces shall
have a nominal weight of 3.19 pounds per foot. Posts shall not weigh less than 97
percent of the specified weight.

860.04 WOOD POSTS.

Wood posts shall be of Pine, Fir, Spruce, Cedar, Aspen, American Elm, Eastern Cot-
tonwood, orAsh. Posts shall be naturally round and shall be cut from live, green grow-
ing trees.
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Line Posts and braces shall be at least 3-1/2 inches in diameter at the small end and of
the length shown on the Plans. Corner and brace posts shall be of length and diameter
shown in the Contract. Posts shall be Plan length ± 1 inch.

All posts shall have the inner bark shavedoff, knots trimmedandbepointed for driving
before treatment.

Knots that are sound, smoothly trimmed, and do not impair the strength of the posts
will be permitted. Decay, short kinks, and reverse bends will not be permitted. One
way sweep not to exceed 1-1/2 inches will be permitted.

Defectsof anykindwhichgive thepostsanunsightlyappearancewill notbepermitted.

All posts shall be preserved and treated according to Section 846.

SECTION 862
GUARDRAIL AND POSTS

862.01 GENERAL.

All steel components of the various types of guardrail shall be galvanized.

No burning, cutting, or welding will be permitted after galvanizing unless the item is
regalvanized according to Section 854.

862.02 WIRE ROPE AND FITTINGS FOR CABLE GUARDRAIL.

Wire rope and connecting hardware shall meet AASHTO M 30, Type I, Class A,
3/4-inch rope. Connecting hardware shall develop the full strength of a single cable
(25,000 pounds). Cast steel components shall meet AASHTO M 103.

A. Socket Baskets and Wedges. Socket baskets shall be designed for use with the
wedge detailed on the Plans.

B. Threading. Threads of externally-threaded parts shall be UNC, ANSI B1.1,
Class 2ATolerance. Internally-threaded parts shallmeet the dimensional require-
ments of ASTMA 563.

C. Bolts, Nuts, and Washers. Bolts shall meet ASTMA 307 and nuts to ASTMA
563, Grade A, or better. Both nuts and bolts shall be galvanized according to
AASHTO M 232. Nuts shall be hex or heavy hex type.

Hook bolts, as installed, shall develop an ultimate pull open strength of from 500
to 1,000 pounds applied in a direction normal to the longitudinal axis of the post.

Washers shall bemade of steel and shall be galvanized according to AASHTOM
232. They shallmeet the dimensional requirements ofANSI B27.2, Type Aplain
washer.
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D. Washer Plates.End and line post washer plates shall meet AASHTO M183 and
shall be galvanized according to AASHTO M 111.

E. Substitutes.Alternate hardware designwill be considered for approval provided
the connection details are compatible with the details in the Contract and the op-
erational characteristics are similar to those of the hardware specified.

862.03 GUARDRAIL UNITS AND FITTINGS FORW-BEAM
GUARDRAIL.

W-Beam guardrail units, backup plates, flared end sections, and buffer end sections
shall meet AASHTO M 180, Class A, Type 2. The terminal connector shall meet
AASHTO M 180, Class B, Type 2.

A. Button Headed Bolts and Hex Bolts.The5/8-inch button headed bolts and hex
bolts shall meet ASTMA 307 and nuts to ASTMA 563, Grade A or better. They
shall be galvanized according to AASHTO M 232.

B. Plates. The rectangular plate washers shall meet AASHTOM 180. Break-away
cable treatment (BCT), cable end plates, bearing plates (timber), and anchor
plates shallmeetAASHTOM180and shall begalvanizedaccording toAASHTO
M 111.

C. Washers.Washers shall be made of steel and shall be galvanized according to
AASHTOM232. They shall meet the dimensional requirements of ANSIB27.2,
Type A plain washers.

D. Break-Away Cable Terminal Assembly. The swaged fitting shall be machined
from hot-rolled carbon steel meeting ASTMA576, Grade 1035, and shall be an-
nealed suitable for cold swaging. The swaged fitting shall be galvanized accord-
ing to AASHTO M 111 before swaging. A lock pin hole to accommodate a
1/4-inch plated, spring steel pin shall be drilled through the head of the swage fit-
ting to retain the stud in the proper position. After galvanization the head may be
tapped 0.023 inch over the ANSI Class 2B Tolerance.

The stud shall meet ASTM A 449 and shall be galvanized according to
AASHTO M232. The threads shall beANSIClass 2A fit before galvanizing.Be-
fore galvanizing, a 3/8-inch slot for the locking pins shall be milled into the stud
end.

Thewire rope shallmeetAASHTOM30 and shall be 3/4-inch preformed, 6× 19,
wire strand core or independentwire rope core (IWRC), galvanized, right regular
lay, manufactured of improved plow steel, with a minimum breaking strength of
42,800 pounds. A galvanized rod type assembly may be substituted with a mini-
mum breaking strength as specified.

The swaged fitting, stud, and nut shall develop the breaking strength of the wire
rope.

The one-inch nut shall meet AASHTOM164 andwashers shall bemade of steel;
both shall be galvanized according to AASHTO M 232. After galvanizing, the
pitch diameter of the nutmay be tapped 0.023 inch over theANSIClass 2BToler-
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ance. Washers shall meet the dimensional requirements of ANSI B27.2, Type A
plain washers.

H. W-BeamGuardrail EndTreatments. W-beamGuardrail EndTreatments shall
meet the requirements of the National Cooperative Highway Research Program
(NCHRP)Report 350,TestLevel 3. TheW-BeamGuardrailEndTreatments shall
be one of the types shown in the Plans.

The impact head shall be capable of flattening, cutting, kinking or bending the
guardrail away from the impacting vehicle. The impact head shall be attached to
the first post by two 3/8 inch lag screws as specified by the supplier. The first post
and second post shall be installed in a galvanized steel foundation tube. A break-
away cable assembly shall be anchored to the guardrail as shown in the plans. The
remaining posts shall be break away posts and standard line posts as shown in the
plans. The guardrail elements shall be of the lengths shown on the plans and be 12
gage sections as specified in AASHTO M 180. The timber posts shall meet re-
quirements for materials that passed the crash testing.

862.04 TREATEDWOOD GUARDRAIL POSTS.

The timber used for treated wood posts for beam guardrail shall be made from timber
with a stressgrade of 1,200 psi ormore. Testing shall be according toWestCoastLum-
ber Inspection Bureau, Southern Pine Inspection Bureau, or another appropriate tim-
ber association. Rectangular timber posts and offset blocks shall be either rough sawn
(unplaned) or S4Swith nominal dimensions shown in theContract. The size tolerance
of rough sawn blocks in the directions of the bolt holes shall be not more than ±
1/4 inch, and shall meet the requirements of the treated timber guardrail posts. Round
treated timber posts used with W-Beam shall be 8-3/4 inches in diameter ± one inch.
Round posts shall be notched to receive wooden offset blocks before treatment. The
notched flat surface shall be5 to6 incheswide and14 to15 inches long, or shall extend
to the full length of the post. Theminimum depth of the remaining post material, after
notching, shall be 6-3/4 inches. Roundpostsmayhave a domed top in lieu of a flat top.

Round treated timber posts usedwith three-cable guardrail shall be 5-1/2 inches in di-
ameter ± one inch and are required to be made from timber with a stress grade of
1,200 psi or more.

A. Quality.Thequality of all posts shall be governed by the following requirements:

1. No decay will be permitted.

2. Knots will be permitted if they are sound and smoothly-trimmed, and if they
plainly do not impair the post’s strength.

3. Checks wider than 1/4 inch or deeper than 3 inches will not be permitted.

4. One way sweep shall not exceed 1-1/2 inches.

5. Winding twist will be permitted unless exaggerated and unsightly.

6. Short kinks will not be permitted.

7. Defects of anykindwhichgive thepost anunsightly appearancewill be suffi-
cient cause for rejection.
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B. Peeling and Trimming.Round timber posts shall have all the inner bark shaved
off and knots closely trimmed before treatment.

C. Preservative Treatment. The preservative shall meet Section 846. All posts on
the Project shall have the same treatment. Timber offset blocks shall be treated.

862.05 STEEL GUARDRAIL POST.

Steel posts, adjustment blocks, blockouts, attachment angles, and base plates shall
meet AASHTO 270 Grade 36 and shall be galvanized after fabrication according to
AASHTO M 111. Welding shall meet the current AWS D1.1.

862.06 BOX BEAM.

Box beam post and rail shall be structural tubing. Post base plates and splice tongues
andplates shallmeetAASHTO270Grade36 structural steel.Rail shallmeetASTMA
500 cold-formed, welded, and seamless carbon steel structural tubing in rounds and
shapes, Grade 1B, modified as follows:

A. Rail Tests.All rail shall be tested according toASTME436modified as follows:

1. Tests shall be conducted after all galvanizing and associated operations have
been completed on the rail. The testing shall be conducted at a temperature of
0°F. (--18°C.) on galvanized specimens two inches by seven inches in size,
supported to span 7 inches. Galvanizing shall not be removed from galva-
nized rail specimens.

2. The percent shear area will be determined by tests on nine specimens, three
fromeachof the three sidesnot containingaweld.The shear areasof the three
specimens from the side with the lowest average shear area will be disre-
garded and the final average based on the remaining six specimens. Thema-
terial represented by these specimens will be rejected if the average percent
shear area is less than 50 percent.

3. No mill transverse weld will be permitted on the rail sections. Longitudinal
welds shall bemade by the resistanceweld process, shall be sound, free from
defects, and shall not be repaired. Rail elements to be used in curves having a
radii of 175 feet or less shall be shop formed to the required curvature.

4. Beforegalvanizing the railmaterial, themanufacturer shall identify the rail to
facilitate acceptance of thematerial. Identification shall be byheat number or
some number used to identify heat number and the manufacturers unique
coding. This identification shall be readable after galvanizing and shall be
placed on the rail at 4-foot intervals.

B. Splice Plates and Expansion Plates. The splice plates and expansion plates
shall meet AASHTO 270 Grade 36. Nuts shall meet ASTMA 563, Grade A or
better, and the plates with nuts attached shall be galvanized according to
AASHTO M 111.

C. Bolts, Nuts, and Washers. Bolts shall meet ASTMA 307 and nuts to ASTMA
563, Grade A or better, and be galvanized according to AASHTOM 232. Bolts
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and nuts shall be the hex and heavy types.Washers shall bemade and shall be gal-
vanized according to AASHTO M 232. Washers shall meet the dimensional re-
quirements of ANSI B27.2, Type A Plain Washers.

D. Certification.Each box beam and box beammedian barrier for a project shall be
accompanied by certified test results of actual tests for the heat of basemetal used
in fabricating all rails, posts, base plates, splice plates, expansion plates, block-
outs, and attachment angles in the shipment. Certified test results of actual tests
performed to determine compliance with the galvanizing requirements of this
Specification, are also required on component parts of the shipment.

E. Galvanizing.The posts, bases, splice plates, expansion plates, blockouts, and at-
tachment angles shall be fabricated and ready for assembly before galvanizing.
Slots and round holes may be subsequently drilled, punched, burned or cut after
galvanizing, and regalvanized according to Section 854.

SECTION 868
INSULATION BOARD (POLYSTYRENE)

868.01 REQUIREMENTS.

Insulation Board (polystyrene) shall meet AASHTO M 230.

SECTION 880
PAVEMENT MARKINGS

880.01 PAVEMENT MARKING PAINT.

A. General.

1. Quality.All paint shall be formulated from first gradematerials and shall be
suitable in all respects for application at elevated spray temperatures with
drop-on glass beads using conventional traffic striping equipment. The fin-
ished paint shall be smooth and homogeneous, free of coarse particles, skins
or any other foreign materials that are detrimental to its use or appearance.

2. Manufacturing and Packaging of Preapproved Paint.Unless the project
quantities are less than 1,000 gallons, the paint shall be manufactured in lot
sizes no smaller than 1,000 gallons. If the Project quantities are less than
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1,000 gallons, the entire project quantity shall be manufactured in one lot.
The paint shall be screened with a 40 mesh or finer screen to remove any
coarse particles, skins or foreignmaterials. Paint shall be packaged in a con-
tainer coatedwithanon-corrosive lining.Theoutsidecoating, for drumscon-
taining water-based paints, shall be a pastel color. The storage temperature
shall be kept at 32°F. or higher.

3. Package Stability of Preapproved Paint. Within a period of 12 months
from the time of delivery, the paint shall not cake, settle, liver, thicken, skin,
curdle, gel or show any other objectionable properties which cannot readily
be correctedwithminimal stirring.Anypaintwith properties thatmake it un-
suitable for usewithin the specified 12months shall be rejected and replaced
with paint that meets the Specifications. All costs incurred in replacing the
paint shall be at the Contractor’s expense.

B. Specific Requirements for Solvent-Based Traffic Marking Paint. Solvent-
based pavement marking paint shall meet the general requirements of AASHTO
M248-86: “ReadyMixedWhite andYellowTrafficPaints” except for the follow-
ing requirements:

AASHTO M 248-86, Section 4.1.2 shall be revised as follows:

ASTM D476 Type I Anatase, or Type II Rutile shall be used.

AASHTOM248-86, Section5.2.1, ExtractedPigmentRequirements, shall be re-
vised as follows:

Theminimumpurity requirements for the respectivematerials shall be as given in
Sections 4.1.1 through 4.1.5.

Composition of Solvent-Based Paint
White Traffic Paint

Low VOC
Pigment Ingredients
Type F (% of Pigment)

Titanium Dioxide, Min.(Pure) 17.5
Calcium Carbonate 35.0-40.0
Magnesium Silicate 35.0-43.0
Zinc Oxide, Min. 3.0

Composition of Solvent-Based Paint
Yellow Traffic Paint

Low VOC
Pigment Ingredients
Type F (% of Pigment)

Lead Chromate, Min. (Pure) 16.7
Calcium Carbonate 35.0-40.0
Magnesium Silicate 35.0-43.0
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AASHTO M 248-86, Section 5.3 shall be revised as follows:

Composition of Non-Volatile Vehicle
White and Yellow Traffic Paint

Vehicle Ingredients Acrylic Chlorinated
Copolymer Rubber
Type F Type F

(% of Wt. of Vehicle) (% of Wt. of Vehicle)

Alkyd Resin Solids
(±0.5%) 41.14 37.6

Acrylic Copolymer
BR-201 or equivalent (±0.5%) 47.25 —

Chlorinated Rubber
(±0.5%) — 37.0

Chlorinated Paraffin
(±0.5%) 11.61 25.4

AASHTO M 248-86, Section 5.4 shall be revised as follows:

Quantitative Requirements of White Solvent-Based Paint

Characteristics Low VOC
Type F

Titanium Dioxide (as % of
Extr. Pigment) (min) (Pure) 17.5

Pigment (%) 49.0--51.0
Total Solids (%) (min) 69.0
Vehicle Solids (%) (min) 38.0
Weight per Gallon (lbs) (min) 11.1
Viscosity (K.U.) 70-85
Fineness of Grind
(Hegman) (min) 2.0

Drying Time (Minutes) (max) 10.0
Directional Reflectance,
(%) (min) 80

Uncombined Water (%) (max) 1.0
Particles and Skins Retained
on 325 Mesh Sieve (%) (max) 1.0

Volatile Organic Content (lb/gal) (max) 1.25

Quantitative Requirements of Yellow Paint

Characteristics Low VOC
Type F

Lead Chromate (as % of
Extr. Pigment) (min) (Pure) 16.7

Pigment (%) 50.0--52.0
Total Solids (%) (min) 69.5
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Vehicle Solids (%) (min) 38.0
Weight per Gallon (lbs) (min) 11.3
Viscosity (K.U.) 70--85
Fineness of Grind
(Hegman) (min) 2.0

Drying Time (Minutes) (max) 10.0
Color (to pass Fed. Std.)
(Chip #33538)

Directional Reflectance,
(%) (min) 50

Uncombined Water (%) (max) 1.0
Particles and Skins Retained
on 325 Mesh Sieve (%) (max) 1.0

Volatile Organic Content (lb/gal) (max) 1.25

C. Specific Requirements for Water-Based Traffic Marking Paint. Acrylic wa-
terborne pavement marking paint shall be capable of receiving and holding glass
beads for producing retroreflective pavementmarking. The paint shall contain no
more than3200ppmleadnormore than800ppmchromium, basedondryweight.
The finished paint shall be formulated and manufactured from quality material
and shall be a fast-drying, water-based, acrylic resin-type paint capable of with-
standing air and roadway temperatureswithout bleeding, staining, discoloring or
deforming. The dried paint film shall be capable of maintaining original dimen-
sions and placement without chipping, spalling or cracking. The dry paint film
shall not deteriorate from contact with normal roadway chemicals or materials.
The acrylic emulsion polymer used in themanufacture of the paint shall beRohm
& Haas HD--21, Dow DT400 or approved equal.

1. DurabilityTesting.Determinationof conformance to thisSpecificationwill
include, but will not be limited to, the evaluation of test data fromNTPEP or
other Department-approved facilities. The maintained retroreflectivity and
durability shall be in accordancewith the following requirements after being
installed on at least oneNTPEP test deck in a northern,wet climate region for
a minimum of six months, including December, January, and February.

2. MaintainedRetroreflectivity. Photometric quantity to bemeasuredwill be
the coefficient of retroreflective luminance (RL) in accordance with the re-
quirements of ASTM E 1710 for 30-meter geometry. The average RL for
concrete andbituminous surfaces shall be expressed inmillicandelas per foot
candle per square foot and shall be at least 75 for 30-meter geometry, when
measured in the wheel path area.

3. Durability. Paint shall have a durability rating of at least four for both con-
crete and bituminous surfaces when tested in the wheel path area of the
NTPEP test deck.

4. Mixed Paint.

a. The paint shall be strained before filling using a screen or a sieving de-
vice no coarser than 40 mesh or equivalent.

b. The volatile content of the finished paint shall contain less than 150
grams of volatile organic matter per liter in accordance with ASTM D
3960.



585

880.01 C.11

c. The paint shall have the following physical properties:

Acrylic Waterborne Pavement Marking Paint Physical Properties

Property Requirement
Viscosity, 77_F. (25_C.) KU 83--98
Grind (Hegman Gage), minimum 3
Laboratory Dry Time, ASTM D 711,
@ 15 mil, minutes, max. 10

Dry Through Time, minutes, max. 150

5. Color. For white, the color shall closely match Color Chip 37925 of Federal
Standard595b. For yellow, the color shall closelymatchColorChip33538of
Federal Standard 595b. Color determination will be made for markings and
the diffuse daytime color of the markings shall be in accordance with the be-
low CIE Chromaticity coordinate limits. Color determination for liquid
marking material will be made over the black portion of a 2A or 5C Leneta
Chart or equal, at least 24 hours after application of a 15-mil wet film. Color
readingswill be determined in accordancewith the requirements ofASTME
1349 using CIE 1931 2-degree standard observer and CIE standard illumi-
nant D65.

CIE Chromaticity Coordinate Limits (Initial)
Color 1 2 3 4

x y x y x y x y
White

Yellow

0.334

0.531

0.357

0.483

0.334

0.531

0.317

0.429

0.297

0.471

0.357

0.483

0.297

0.471

0.317

0.429

6. Flexibility.Thepaint shall showno cracking or flakingwhen tested in accor-
dance with Federal Specification TT-P-1952B.

7. Water Resistance. The paint shall conform to Federal Specification TT-
P-1952B.There shall be noblistering or appreciable loss of adhesion, soften-
ing or other deterioration after examination.

8. Freeze-Thaw Stability. The paint shall show no coagulation or change in
consistency greater than 10 Kreb Units when tested in accordance with Fed-
eral Specification TT-P-1952B.

9. Heat Stability.The paint shall showno coagulation, discoloration or change
in consistency greater than 10 Kreb Units when tested in accordance with
Federal Specification TT-P-1952B.

10. Dilution Test. 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.

11. Storage Stability. After 30 days of storage in a 3/4 filled, closed container,
the paint shall show no caking that cannot be readily remixed to a smooth,
homogeneous state, and shall show no skinning, livering, curdling or hard
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settling. The viscosity shall change no more than 5 Kreb Units from the vis-
cosity of the original sample.

12. Contrast Ratio. The minimum contrast ratio (hiding power) shall be 0.96
when drawn down with a 0.005 bird film applicator on a 2A or 5C Leneta
Chart or equal and air-dried for 24 hours. The contrast ratio shall be calcu-
lated as follows:

Contrast Ratio = Black/White

13. Reflectance. The daylight directional reflectance of a 15-mil (380 μm) wet
film, applied to a 2A or 5CLeneta Chart or equal and dried for aminimumof
24 hours, shall be no less than 84 percent for the white paint and no less than
50 percent for the yellow paint.

14. Bleeding.Thepaint shall have aminimumbleeding ratio of 0.97when tested
in accordancewithFederal SpecificationTT-P-1952B.The asphalt saturated
felt shall be in accordance with ASTM D 226 for Type I.

15. Dry Through Time. The paint shall be applied to a non-absorbent substrate
at a wet film thickness of 15 ± 1 mil and placed in a humidity chamber con-
trolled at 90± 5percent relative humidity and72.5± 2.5 F (22.5± 1.4C). The
dry through time shall be determined in accordancewith ASTMD1640, ex-
cept that the pressure exerted shall be the minimum needed to maintain con-
tact with the thumb and film.

16. Acceptance.

a. Whenpreapproval of pavementmarkingpaint, solvent orwater based, is
specified, the Contractor shall obtain two, 1-pint samples of paint from
each lot after the paint has been shipped to some point acceptable to the
Engineer.Epoxy linedcans shall be used for samplingwater basedpaint.
Department personnel are to be notified and shall be present when each
sample is obtained. The Department personnel will submit the samples
to theDepartment’sMaterials andResearchDivision. The samples shall
be submitted 30 days before the scheduled use of the marking paint. If
the paint sample meets Specifications, the lot being represented by the
sample will be accepted. If a paint sample fails to meet Specifications,
the lot being representedby the samplewill be rejectedand replacedwith
paint that meets Specifications. All costs incurred in replacing non-
specification paint shall be at the Contractor’s expense.

b. If preapproval of themarking paint, solvent or water based, is not speci-
fied, the Department will take random samples of the marking paint. If
the paint samples meet Specifications, the lot being represented by the
samplewill be accepted. If thepaint doesnotmeet theSpecifications and
the paint has not been applied to the road, the paint will be rejected and
replaced with paint that meets Specifications. If the paint sample does
not meet Specifications and the paint has been applied to the road, and
the work is found unacceptable, the lot being represented by the sample
will be rejected and replaced with paint that meets Specifications. All
costs incurred in replacing non-specification paint shall be at the Con-
tractor’s expense.
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c. No paint shall be used that is more than 15 months old.

d. In addition to the requirements of this section, the certification supplied
by the manufacturer shall include reference to the specific NTPEP test
deck towhich thepaint formulationwasapplied, includingNTPEPiden-
tification numbers and report numbers.

880.02 GLASS BEADS.

A. Specific Requirement.

1. Glass Beads for Solvent-Based Paint.

a. Physical Properties.Glass beads for solvent-based pavement marking
paint shall meet AASHTO M 247, Type I. The flotation properties of
AASHTOM247 shall bemodified to allowamaximumof 20percent of
the beads, by weight, to float when tested according to Section 4.5.

b. Sampling and Testing. The sampling and testing shall be according to
AASHTO M 247.

2. Glass Beads for Water-Based Paint.

a. Physical Properties. Glass beads for pavement marking shall meet
AASHTO M 247, Type I, “standard gradation,” except the beads shall
have a minimum of 80 percent true spheres. The beads shall be made
from clean colorless transparent glass and shall be smooth, spherically
shaped, and free from milkiness, pits, excessive air bubbles, chips, and
foreign material. The beads shall have a dual surface treatment consist-
ing of amoisture resistant silicone treatment and a silane adherence sur-
face treatment.

b. Sampling and Testing. The sampling and testing shall be according to
the Department’s Field Sampling and Testing Manual.

B. Packaging and Marking. The beads shall be furnished in moisture proof con-
tainers or moisture proof bags. Each container or bag shall be marked with name
of contents, manufacturer, net weight, lot number, and ton number.

C. Certification.Themanufacturer shall furnishonecopyofa certificate for each lot
of the material furnished, giving the properties of the beads and certifying that
theymeet the required Specifications. The affidavit shall showdesignation of the
sample, lot number, and date of manufacture.

880.03 PLASTIC PAVEMENT MARKING FILM (RETROREFLECTIVE).

A. General. The prefabricated plastic pavement markings shall consist of white or
yellow pigmented plastic films, conforming to standard highway colors, with re-
flective glass spheres incorporated throughout the entire cross-sectional area and
a layer of reflective glass spheres bonded to the top surface. The pavementmark-
ings shall adhere to bituminousor PortlandCementConcrete pavements by either
a pressure-sensitive precoated adhesive or a liquid contact cement. Themarkings
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shall be provided in a form that facilitates rapid application andprotects themark-
ings in shipment and storage. Themanufacturer shall identify proper solvents and
adhesives to be applied at the time of application, all equipment necessary for
proper application, and recommendations for application that assures an effective
performance life. Themarkingmaterial shallmold itself to pavement contours by
the action of traffic. The pavementmarking films shall also be capable of applica-
tion onnewbituminous concretewearing courses during the paving operation ac-
cording to the manufacturer’s instructions. After application, the markings shall
be immediately ready for traffic.

Prefabricated legend and symbols shall meet the applicable shapes and sizes
shown in the Contract.

B. Retroreflective Pliant Polymer. The pavement marking film shall consist of a
mixture of high quality polymeric material, pigments, 1.5 index glass beads uni-
formly distributed throughout its cross-sectional area, and a reflective layer of
beads bonded to the top surface. These materials shall be as follows:

Materials Minimum Percent by Weight
Resins & Plasticizers 20
Pigments 30
Graded Glass Beads 33

The remaining 17 percent shall be comprised of the above materials in various
proportions.

Thesematerials shall be fabricated intopavementmarking filmof specified thick-
ness and dimensions.

C. Requirements.

1. Skid Resistance. The surface of the marking film shall provide a minimum
skid resistance value of 45 BPN when tested according to ASTM E 303.

2. Reflectance.Thewhite and yellow films shall have the initial minimumval-
ues specified in the following table when measured according to ASTM D
4061. The photometric quantity to be measured shall be specific luminance
(SL), and shall be expressed as millicandelas per square foot per foot candle
[(mcd/ft2)/fc]. Themetric equivalent shall be expressed asmillicandelas per
square meter per lux. The sample size shall be a 2 feet by 2.5 feet rectangle.

White Yellow
Observation Angle 0.2° 0.5° 0.2° 0.5°
SL [(mcd/ft2)/fc] 550 380 410 250

3. Tensile Strength and Elongation. The film shall have a minimum tensile
strengthof 150psi of cross-sectionwhen tested according toASTMD638.A
sample 6 inches by 1 inch shall be tested at a temperature between 70°F. and
80°F. using a jaw speed of 12 inches per minute. The film shall have a mini-
mum elongation of 75 percent at break.

4. Patchability. The pavement marking film shall be capable of use for patch-
ing worn areas of the same type of film according to the manufacturer’s in-
structions.
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5. Pigmentation. The film, white or yellow, shall meet standard highway col-
ors.

6. Acid Resistance. The beads shall show resistance to corrosion of their sur-
face after exposure to a 1 percent solution (byweight) of sulfuric acid. The 1
percent acid solution shall bemadeby adding5.7 cc of concentrated acid into
1,000 cc of distilled water. Always add the concentrated acid into the water,
not the reverse. The test shall be performed as follows:

A 1-inch by 2-inch sample shall be adhered to the bottom of a glass tray
and just enough acid solution shall be placed over the sample to com-
pletely immerse it. The tray shall be coveredwith a piece of glass to pre-
vent evaporation and the sample shall remain under those conditions for
24 hours. The acid solution shall be decanted and the sample, while ad-
hering to the glass tray, shall be dried in a 150°F. oven for approximately
15 minutes.

Microscopic examination with 20 power shall show no more than 15
percent of the beads having a formation of a very distinct opaque white
(corroded) layer on their entire surface.

7. Reflective Retention. To have effective performance life, the glass beads
shall be strongly bonded. One of the following tests shall be employed to
measure reflective retention:

a. TaberAbrader Simulation Test. Using a taber abrader with an H-18
wheel and a 125-gram load, the sample shall be inspected at 200 cycles
under amicroscopeandnomore than15percent of thebeads shall be lost
due to popouts.

b. Qualitative Tests. Bead bond strengths shall be judged under a micro-
scopewith amagnification of at least five power. The beads shall be dif-
ficult to remove and bead removal shall remove a portion of the poly-
meric bead bond with the bead rather than popping out clean from their
sockets.

8. Thickness.The film, without adhesive, shall be supplied in a standard thick-
ness of 0.06 inch.

9. Effective Performance Life. The film, when applied according to the
manufacturer, shall provide a neat, durablemarking that will not flow or dis-
tort due to temperature. Although reflectivity is reduced by wear, the film
shall provide a cushioned resilient substrate that reduces bead crushing and
loss.The filmshall beweather resistant and throughnormal trafficwear, shall
not fade, lift, or shrink throughout the life of the marking and shall show no
significant tearing, roll back, or other signs of poor adhesion.

880.04 PREFORMED PLASTIC MARKING FILM.

A. General. The pavement marking material shall consist of white or yellow
weather-resistant reflective film meeting the following requirements:

The markings shall be manufactured and packaged to permit storage at the
manufacturer’s recommended shelf temperature for a period of not less than
one year from the date of purchase.
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Prefabricated legends and symbols shall meet the shapes and sizes as shown
on the Standard Drawings.

B. Composition. The preformed plastic markings shall consist of high quality plas-
ticmaterial, pigments, and1.5 indexglassbeadsuniformlydistributed throughout
its cross sectional area andwith a reflective layer of beads embeddedor bonded in
the top surface. The film shall be furnished with the appropriate adhesive system
recommended by the manufacturer.

C. Skid Resistance.The surface of the preformedplasticmarking filmshall provide
an initial skid resistancevalueof 55BPNanda retained skid resistancevalueof35
BPN when tested according to ASTM E 303.

D. Color. The striping material shall be white or yellow in color meeting standard
highway colors.

E. Thickness.The thicknessof the preformedplasticmarking filmwithout adhesive
shall be 60 mils.

F. Durability and Wear Resistance. The preformed plastic marking film, when
properly applied, shall provide a neat, durable marking. The preformed plastic
marking film shall provide a cushioned resilient surface substrate that reduces
bead crush and loss. The film shall beweather resistant and throughnormal traffic
wear shall not fade, lift, or shrink throughout the life of themarking, and showno
significant tearing, roll back, or other signs of poor adhesion.

G. Tensile Strength. The film shall have a minimum tensile strength of 40 psi of
cross section when tested according to ASTM D 638.

H. Conformability and Resealing.The preformed film shall conform to pavement
contours, breaks, faults, etc., through theactionof traffic atnormalpavement tem-
peratures. The film shall have resealing characteristics that will fuse with itself
and previously-appliedmarking film of the same composition under normal con-
ditions of use.

I. Elongation. The film shall have a maximum elongation of 100 percent when
tested according to ASTM D 638.

J. Plastic Pull Test. A test specimen one inch by 3 inches shall support a dead
weight of 5 pounds for not less than five minutes at a temperature between 70°F.
and 80°F.

880.05 PREFORMED PATTERNED PAVEMENT MARKING FILM.

A. General.Thepreformedpatternedmarkingsshall consistofwhiteor yellowfilms
with ceramic beads incorporated to provide immediate and continuing retro-
reflection and shall meet the following requirements:

Themarkingsshall bemanufacturedandpackaged topermit storageatmanu-
facturer’s recommended shelf temperature for a period of not less than one
year from the date of purchase.

Legends and symbols shall confirm to the shapes and sizes as shown on the
Standard Drawings.
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The Contractor shall secure from the manufacturer all warranties and
guarantees with respect to materials, workmanship, or performance which
the products covered by the proposal bear, and include these warranties and
guarantees with the certification.

B. Composition. The retroreflective pliant polymer pavement markings shall con-
sist of a mixture of high quality polymeric materials, pigments and glass beads
distributed throughout its base cross-sectional area, with a reflective layer of ce-
ramic beads bonded to a durable polyurethane topcoat surface. The patterned sur-
face shall have approximately 50 percent ± 15 percent of the surface area raised
and presenting a near vertical face to traffic from any direction. The channels be-
tween the raised areas shall be substantially free of exposed beads or particles.

Thepreformedmarkingsshall conformtopavementcontoursby theactionof traf-
fic. The pavements markings shall be capable of application on new, dense, and
opengraded asphaltwearing coursesduring thepavingoperationaccording to the
manufacturer’s instructions. After application, the marking shall be immediately
ready for traffic.

C. Skid Resistance. The surface of the tape shall provide an initial minimum skid
resistance value of 45 BPNwhen tested according to ASTME 303 except values
shall be taken at downweb and at 45 degree angle from downweb. These two
values will then be averaged to find the skid resistance of the patterned surface.

D. Thickness. The patterned material without adhesive shall have a minimum cali-
per of 0.065 inches at the thickest portion of the patterned cross-section andmini-
mum caliper of 0.02 inches at the thinnest portion of the cross-section.

E. Beads.The glass beads on the surface of thematerial shall have aminimum index
of refraction of 1.7 when tested using the liquid oil immersionmethod. The glass
beads mixed into the pliant polymer shall have a minimum index of 1.5 when
tested by the oil immersion method.

F. Patchability.Thepavementmarkingmaterial shall be capable ofuse for patching
worn areas of the same type according to the manufacturer’s instructions.

G. Reflectance. The white and yellow markings shall have the following initial
expected retroreflectance values asmeasured according to the testing procedures
of ASTM D 4061. The photometric quantity to be measured shall be specific
luminance (SL), and shall be expressed as millicandelas per square foot per foot
candle. The test distance shall be 50 feet and the sample size shall be a 2.0 foot by
2.5 foot rectangle.

White Yellow
Entrance Angle 86.5° 86.5°
Observation Angle 1° 1°
SL 700* 500*

*All reflectance measurements shall be made using an “Ecolux” brand retroreflectometer or equiva-
lent.

880.06 SHORT-TERM PAVEMENT MARKING.

Short-term pavementmarking, placed on the top lift of asphalt paving projects and af-
ter final brooming on seal coat projects, shallmeet Section 880.01. Pavementmarking
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paint for short-term pavement marking, on the lower lifts of asphalt paving projects
andbefore final broomingonseal coat projects,maybecommercially-available traffic
marking paint, and shall be yellow or white in color.

Mixed commercially-available traffic marking paint shall show no signs of thicken-
ing, caking, livering, or curdling, and shall be free of water, skins, and any other for-
eign materials. At the time of application, the mixed paint shall be capable of being
easily stirredwith a paddle to a smooth, uniform consistency. The paint shall dry to an
elastic, adherent finish that will not discolor in sunlight.

Glass beads for short-term pavement marking shall meet Section 880.02.

Pavementmarking tape for short-termpavementmarking shall be4 incheswidewith a
pressure-sensitive adhesive backing and have reflectorizing glass beads embedded in
the surface.The tapeshall bedurable and functioneffectively for the requiredperiodof
service and adhere to the pavement surface.

880.07 CONSTRUCTION ZONE MARKING.

Thewet retroreflective systemshall consist ofwhite or yellow retroreflective tape on a
conformable backing with deformable highly retroreflective markers adhered trans-
versely to the top surface with a pressure sensitive adhesive. The tape sheeting ele-
ment, white or yellow, shall meet standard highway colors.

The size, quality, and refractive index of the glass beads shall be such that the perform-
ance requirements for the marking shall be met. The bead adhesion shall be such that
beads are not easily removedwhen thematerial surface is scratchedwith a thumbnail.

The preformed tape shall be precoatedwith a pressure-sensitive adhesive and shall ad-
here to asphalt concrete or portland cement concrete, according to manufacturer’s in-
structions, without the use of heat, solvents, or other additional adhesive means, and
shall be immediately ready for traffic after application.

Preformedwords and symbols shall meet the applicable shapes and sizes as shown on
the Plans.

Preformedmarking for construction zones shall be Type R -- Removable Retroreflec-
tive Film, Type R--WR Removable Wet Retroreflective Film, or Type NR --
Retroreflective Pavement Striping Tape (not easily removed) construction zone
marking film.ThePlanswill specifywhich type touse.Requirements for each type are
as follows:

A. Type R -- Removable Retroreflective Pavement Markings.

The removable striping tape must be designed and constructed in such a manner
that it can be readily removed when the markings are no longer applicable. The
tape shall be capable of performing for the duration of a normal construction sea-
son and shall then be capable of being removed intact or in large piecesmanually.

1. Composition.The removable preformed retroreflective pavementmarkings
shall consist of glass beads embedded inwhite or yellow filmwith a thin flex-
ible conformable backingwhich is precoated with a pressure sensitive adhe-
sive. A structured interlaced medium shall be incorporated to facilitate re-
moval.
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2. Reflectance.Thewhite and yellow films shall have the following initial mini-
mum reflectance values at 0.2 degrees and 0.5 degrees observation angles and
86.0 degrees entrance angle asmeasured in accordancewith the testing proce-
dure of ASTMD4061. The photometric quantity to bemeasured shall be spe-
cific luminance (SL), and shall be expressed as millicandelas per square foot
per foot candle. The angular aperture of both the photoreceptor and light pro-
jector shall be 6 minutes of arc. The reference center shall be the geometric
center of the sample, and the reference axis shall be taken perpendicular to the
test sample.

White Yellow

Entrance Angle 86.0° 86.0° 86.5° 86.0° 86.0° 86.5°
Observation Angle 0.2° 0.5° 1.0° 0.2° 0.5° 1.0°
Specific Luminance 1770 1270 750 1310 810 450

3. Adhesion. Short-Term Type R pavement markings shall be installed where
air and pavement temperatures are 50°F and rising. Themanufacture shall be
required to demonstrate that the properly applied pavementmarking adheres
to the roadway under climatic and traffic conditions normally encountered in
the construction work zone.

4. Removability. The marking film shall be removable from asphalt concrete
andportlandcement intact or in largepieces, eithermanuallyorwith a roll-up
device at temperatures above 40°Fwithout the use of heat, solvents, grinding
or blasting.

5. Skid Resistance. The surface of the markings provides an initial minimum
skid resistance value of 50 BPN when tested according to ASTM E303-74.

B. Type NR -- Retroreflective Pavement Striping Tape.

1. Composition. The pavement striping tape shall consist of a white or yellow
retroreflective film on a conformable metallic backing, precoated with a
pressure-sensitive adhesive.

2. Reflectance.Thewhite and yellow films shall have the initial minimumval-
ues specified in the following table at 86 degree entrance angle when meas-
ured according to ASTMD 4061. The photometric quantity to be measured
shall be specific luminance (SL) and shall be expressed as millicandelas per
square foot per foot candle [(mcd/ft2)/fc]. The test distance shall be 50 feet,
and the sample size shall be a 2.0-foot by 2.5-foot rectangle. The angular ap-
erture of both the photoreceptor and light projector shall be 6minutes of arc.
The reference center shall be the geometric center of the sample, and the ref-
erence axis shall be taken perpendicular to the test sample.

White Yellow
Observation Angle 0.2° 0.5° 0.2° 0.5°

SL [(mcd/ft2)/fc] 1,360 760 820 510

3. Skid Resistance. The surface of the marking shall provide an initial mini-
mumskid resistancevalueof35BPNwhen testedaccording toASTME 303.

4. Abrasion Resistance. Samples of the test material shall not wear through to
the conformable backing surface in less than 125 cycles,when tested accord-
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ing to Federal Test Method Standards 141, Method 6192, modified by using
an H-22 wheel and a 250-gram load.

5. Adhesion. The manufacturer shall demonstrate that the properly-applied
pavementmarking adheres to the roadwaypavement under climatic and traf-
fic conditions normally encountered in construction work where proposed
for use.

C. Type R--WR Pavement Markings. The removable striping tape must be de-
signed and constructed in such a manner that it can be readily removed when the
markingsareno longer applicable.The tape shall be capableofperforming for the
duration of a normal construction season and shall then be capable of being re-
moved intact or in large pieces manually.

1. Materials.

a. Composition. The removable preformed retroreflective pavement
markings shall consist of glass beads embedded in white or yellow film
with a thin flexible conformable backing which is precoated with a
pressure-sensitive adhesive. A structured interlaced medium shall be
incorporated to facilitate removal.

b. Reflectance. The white and yellow film shall have the following initial
minimumreflectance values at anobservation angle of 1.05degrees and
an entrance angle of 88.76 degrees underwet conditions, asmeasured in
accordance with ASTM E 2176. The photometric quantity to be mea-
sured shall be specific luminance (SL), and shall be expressed as mil-
licandelas per square foot per foot candle. The angular aperture of both
the photoreceptor and light projector shall be six minutes of arc. The
reference center shall be the geometric center of the same, and the
reference axis shall be taken perpendicular to the test sample.

White Yellow
Entrance Angle 88.76° 88.76°
Observation Angle 1.05° 1.05°
Specific Luminance 250 200

c. Application/Adhesion. Short-Term Type R--WR pavement markings
shall be installed where air and pavement temperatures are 50°F and
rising. The manufacturer shall be required to demonstrate that the pro-
perly applied pavement marking adheres to the roadway under elastic
and traffic conditions normally encouraged in the construction work
zone.

d. Removability. The marking film shall be removable from asphalt con-
crete and portland cement intact or in large pieces, either manually or
with a roll-up device at temperatures above 40°Fwithout the use of heat,
solvents, grinding, or blasting.

e. Skid Resistance. The surface of the markings provides an initial mini-
mumskid resistance value of 45BPNwhen tested according toASTME
303--74.

880.08 RAISED PAVEMENT MARKERS.

Raised pavement markers shall consist of a plastic shell with one or more prismatic
reflective faces with a minimum of 2.45 square centimeters of reflective surface for
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each direction required to reflect incident light. The marker shall be fitted with pres-
sure-sensitive adhesive for application to a primed surface.

Thematerials used shall be capable of being easily applied and removed.TheContrac-
tor shall demonstrate that the properly-applied pavementmarking adheres to the road-
way under climatic and traffic conditions normally encountered in the construction
work zone.

880.09 EPOXY PAINT PAVEMENT MARKING.

A. General. This Specification provides for the classification of epoxy resin pave-
ment marking systems by type. Type II shall be used unless Type I is specified on
the plans.

1. Type I

A fast curematerial suitable for line applications and, under ideal conditions,
may not require coning.

2. Type II

A slow cure material suitable for all applications of pavement markings un-
der controlled traffic conditions, i.e., coning is required and flaggingmay be
as directed by the Engineer.

B. Epoxy Resin Material.

1. General.Thematerial shall be composed of epoxy resins and pigments only.
No solvents are to be given off to the environment upon application to a
pavement surface. Type II material shall be completely free of TMPTA (Tri-
Methyl Propane Tri-Acrylate) and other multi-functional monomers.

2. Color. The color of the white epoxy shall be a pure flat white, free of tints.
The color of the yellow epoxy shall closely match Color Number 33538 of
Federal Standard 595 and shall conform to the following CIE Chromaticity
limits using illuminant “C”:

x | 0.470 | 0.485 | 0.520 | 0.480
y | 0.440 | 0.460 | 0.450 | 0.420

Daylight Directional Reflectance (Y), white, minimum 83
Daylight Directional Reflectance (Y), yellow, minimum 50

Testing will be according to:

Daylight Directional Reflectance ASTM D 2805
Color ASTM D 2805

3. Adhesion Capabilities.When the adhesion of the material to portland ce-
ment concrete (the concrete shall have aminimumof 300psi tensile strength)
is tested according to American Concrete Institute Committee 503 testing
procedure, the failure of the system must take place in the concrete. The
laboratory concrete test specimen shall be 90_Fwhen thematerial is applied,
after which the material shall be allowed to cure for 72 hours at 732_F.
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4. Abrasion Resistance.When the abrasion resistance of thematerial is tested
according to ASTMC 501 with a CS-17 wheel under a load of 1,000 grams
for 1,000 cycles, thewear index shall be nogreater than 100. (Thewear index
is theweight inmilligrams that is abraded from the sample under the test con-
ditions).

5. Hardness. The Type D durometer hardness of the material shall be not less
than 75 nor more than 90 when tested according to ASTMD 2240 after the
material has cured for 72 hours at 732_F.

6. Tensile Strength.The tensile strength of thematerial,when tested according
to ASTM D 638, shall not be less than 4,500 psi after 72 hours cure time at
732_F.

7. Compressive Strength. The compressive strength of the material, when
tested according to ASTM D 695, shall not be less than 12,000 psi after 72
hours cure time at 732_F.

8. Shelf Life. The individual components shall not require mixing prior to use
when stored for a period of 12 months.

9. Yellowness Index.

ASTM D 1925 Max before QUV 10. . . . . . . . . . . . . . . . . . . . . .
Max after QUV 30

10. Laboratory No-Pick-Up Time. The material shall have a no-pick-up time
between 10 and 45 minutes. The no-pick-up time shall be tested in accor-
dance with ASTMD711, with the material prepared according to themanu-
facturer’s instructions and applied at a 20mil wet film thickness at 73° ± 2°F
with the proper application of glass beads.

C. GlassBeads.GlassBeads shallmeet the requirementsofAASHTOM247Type
I, have a roundness of at least 80 percent, and shall be moisture treated. The glass
beads shall be applied at a rate of at least 25 lb/gal.

D. SamplingRate andProcedures.One pint samples of eachmanufacturer’s lot or
batch furnished for the contract shall be submitted at least 15daysprior touse. All
samplesmustbe submitted to theDepartment’sMaterials andResearchLaboratory.
Samples shall be identified as follows:

1. Manufacturer’s name.

2. Manufacturer’s product number.

3. Lot/Batch number.

4. Color.

5. Intended state project numbers.

6. Date manufactured.
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E. PackagingofEpoxyComponentsandGlassBeads.Containers for epoxycom-
ponents shall be marked with the manufacturer’s name, product identification
number, lot or batch number, date of manufacture, color, net weight of contents.
Containers for glass beads shall be marked with the name of manufacturer, the
wording “Glass Beads,” lot or batch number, coating type, date manufactured,
and the net weight.

SECTION 894
HIGHWAY SIGNS AND POSTS

894.01 SIGN BACKINGMATERIAL.

A. Materials.

1. Flat Sheet Aluminum. Flat sheet aluminum shall be an alloy meeting
ASTM B 209 Alloy 6061 T6, or 5052-H38 with mill finish.

2. Extruded Aluminum Panels. Extruded Aluminum Panels shall meet
ASTM B 221 Alloy 6063 T6. The panels shall be furnished in 12-inch and
6-inch sections as shown on the Plans. All panels shall be flat and straight
within commercial tolerances established by the aluminum industry.

B. Shop Surface Preparation and Processing.All sign backing shall be clean and
free of rust, white rust, oil, and dirt. The holes shall be shop drilled to the sizes and
at locations shown in the Contract. Holes required in the sign backing shall not be
field drilled.

1. Degreasing. The extruded aluminum panels shall be rubbed with a clean
white cloth after degreasing and if any stickymaterial shows up on the cloth,
the panels shall be degreased again. All aluminum sign backing shall be de-
greased by one of the following methods:

a. Vapor Degreasing. Aluminum materials shall be immersed in a satu-
rated vapor of Trichlorethylene. Trademark printing shall be removed
with a lacquer thinner or a controlled alkaline cleaning system.

b. Alkaline Degreasing. The aluminum shall be immersed in an alkaline
solution controlled and titrated according to the solutionmanufacturer’s
recommendations. The immersion time shall be dependent upon the
gauge of the metal and the amount of soil to be removed.

2. Etching.All sheet aluminum shall be etched after degreasing. Extruded alu-
minum panels which have a roughened surface texture suitable for paint or
sheeting shall not be etched after degreasing unless the Engineer determines
the panels are unsuitable. Etching shall be performed by one of the following
methods:



598

894.01 B.2.a

a. Acid Etch.The aluminum shall be etched in a 6 percent to 8 percent so-
lution of phosphoric acid at 100°F., or a proprietary acid etching solu-
tion. It shall be rinsedafter etchingwithcold runningwater followedbya
hot water rinse.

b. Alkaline Etch. The aluminum shall be etched in an alkaline solution
controlledby titration.The lengthof time the aluminumis etchedand the
temperature and concentration of the solution shall comply with the so-
lution manufacturer’s instructions. The aluminum shall be well rinsed
after etching. Smut on the aluminum shall be removed with an acidic
chromiumsolution recommendedby the solutionmanufacturer and then
well rinsed.

3. Coating.Aluminum panels that have not had reflective sheeting applied for
several days or longer, after being etched, shall be treatedwith a light, tightly
adherent chromate conversion coating before applying the reflective sheet-
ing. The chromate conversion coating shall be free of powdery residue and
shall range in color from a silvery iridescence to a pale yellow. The coating
shall meet ASTM B 449, Class 2, 10--35 milligrams/square foot with a me-
dian of 25 milligrams/square foot as an optimum coating weight.

4. Drying. All sign backing material shall be dried with forced hot air after
preparation and processing.

894.02 RETROREFLECTIVE SHEETINGMATERIALS.

A. General. The retroreflective sheeting stored under normal conditions shall be
used within one year from the manufactured date. The packaging cartons or roll
goods shall bemarkedwith themanufacturer’s lot numbersandmanufacturedate.

The surface of the barricade rails, drums, or cones shall be treated as recom-
mended by the sheeting manufacturer before applying the reflective sheeting.

Type III C reflective sheeting shall havean identification symbolon the surface to
differentiate it from other types of sheeting. The identification symbol shall not
interferewith the function of the sheeting, but shall be visible to inspectors day or
night without the use of special devices. The symbol shall be in a repeat pattern
such that any4-inchby8-inchor 5-inchby5-inch piece of the sheeting contains at
least one full symbol.

The durability of the retroreflective sheeting shall be substantiated by the follow-
ing accelerated weathering tests:

1. Accelerated Outdoor Test.When the retroreflective sheeting is processed
and applied according to recommended procedures, the sheeting shall be
weather-resistant, resistant to dirt and fungus accumulation, and following
cleaning, shall show no discoloration, cracking, crazing, blistering, or di-
mensional change, and have not less than 50 percent for Type II and IV
sheeting and not less than 80 percent for Type III A sheeting of the specified
minimum brightness values shown in AASHTO M 268 measured at an
observation angle of 0.2 degrees and an entrance angle of --4 degrees when
exposed to acceleratedweathering for 30 months, south-facing, unprotected
at 45 degrees.



599

894.02 B

2. Accelerated Machine Test. The retroreflective sheeting shall meet the arti-
ficial weathering requirements of AASHTO M268measured at an observa-
tion angle of 0.2 degrees and an entrance angle of --4 degrees.

The Contractor shall furnish written evidence showing conformance with one of
the following:

1. The accelerated outdoor test, done in North Dakota or in a state located at
lower latitudes, or

2. The acceleratedmachine test and three years of performance in the fieldwith
no problems.

The Contractor shall secure from the manufacturer all warranties and guarantees
with respect tomaterials, parts,workmanship, or performancewhich theproducts
covered by the proposal bear, and include these warranties and guarantees with
the certification.

B. Type II and III A Retroreflective Sheeting Material. Type II and III A
retroreflective sheeting shall meet AASHTO M 268 and the following:

Processed retroreflective sheeting shall be applied to approved sign basema-
terial and cleaned according to manufacturer’s recommendations for use on
traffic control signs. TheContractor shall furnish awritten assurance that the
sheeting will meet the requirements of the following tables throughout the
satisfactory performance life and be effective for its intended purpose when
viewed from a vehicle.

TYPE II RETROREFLECTIVE SHEETING

Average Minimum
Candelas per Foot
Candle per sq. ft. at Satisfactory

Sheeting Type 0.2° divergence and Performance
and Color --4° incidence* Life

Silver-White #1 30.0 5 years
Silver-White #2 36.0 5 years
Yellow 20.0 5 years
Red 5.0 5 years
Blue 2.0 5 years
Green 3.0 5 years
Orange 10.0 5 years
Brown 0.4 5 years
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TYPE III ARETROREFLECTIVE SHEETING

Average Minimum
Candelas per Foot
Candle per sq. ft. at Satisfactory

Sheeting Type 0.2° divergence and Performance
and Color --4° incidence* Life

Silver-White 200.0 10 years
Green 36.0 10 years
Yellow 136.0 10 years
Red 36.0 10 years
Orange 80.0 3 years
Blue 16.0 10 years
*Candlepower measurement shall be made, following sign cleaning, in accordance with proce-
dure recommended by the sheeting manufacturer.

C. Type III B Retroreflective Sheeting. Type III B retroreflective sheeting shall
consist of optical lens elements adhered to a synthetic resin and encapsulated by a
flexible transparent plastic that has a smooth outer surface. The sheeting shall
have a precoated adhesive protected by an easily removable liner. This sheeting is
intended for use on rigid substrate signs and barricades used in the construction
workzone.Type III B retroreflective sheetingshallmeetAASHTOM268and the
following:

The Contractor shall furnish a written assurance that the sheeting will meet
the requirements of the following table throughout the satisfactory per-
formance life and be effective for its intended purpose when viewed from a
vehicle:

TYPE III B RETROREFLECTIVE SHEETING

Average Minimum
Candelas per Foot
Candle per sq. ft. at Satisfactory

Sheeting Type 0.2° Divergence and Performance
and Color --4° Incidence* Life

White 200 3 years
Yellow 136 3 years
Orange 80 3 years
Prestriped Barricade 200/80 3 years

*Candlepower measurement shall be made, following sign cleaning, in accordance with proce-
dure recommended by the sheeting manufacturer.

The impact resistance shall be tested on reflective sheeting, applied according to
themanufacturer’s recommendations to a cleaned, etched aluminumpanel of Al-
loy 6061T6, 0.063 inches by 3 inches by5 inches and conditioned for 24 hours at
0°C.

The sheeting to be tested for flexibility shall be conditioned for 24 hours at 0°C.

D. Type III C Retroreflective Sheeting. Type III C retroreflective sheeting shall
consist of optical lens elements adhered to a synthetic resin and encapsulated by a
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flexible transparent plastic that has a smooth outer surface. The sheeting shall
have a precoated adhesive protected by an easily removable liner. This sheeting is
intended for useonplastic reboundabledevices suchasdrumsand flexibledeline-
ation posts. Type III C retroreflective sheeting shall meet the weathering require-
ments of AASHTO M 268, Type IV and the following:

The Contractor shall furnish a written assurance that the sheeting will meet
the requirement of the following table and be effective for its intended pur-
pose when viewed from a vehicle.

TYPE III C RETROREFLECTIVE SHEETING

Average minimum Candeles per foot candle per square foot.

Observation Entrance
Angle Angle White Yellow Orange

0.2° --4° 250 170 100
0.2° +30° 150 100 60
0.5° --4° 95 62 30
0.5° +30° 65 45 25

The impact-resistant aluminum panel shall be the same as Type III B reflective
sheeting.

The impact resistance shall be testedonaGardnerVariable ImpactTester, I6-1120
using a four-pound weight with a 5/8-inch rounded tip dropped from a 100 inch-
pound setting.

Type IIIC reflective sheetingperformanceon reboundableplastic substrates shall
be measured using the following test:

The device shall be impacted three times by a 4,000-pound vehicle, with a
20-inch bumper, at 40mph. Each impact shall be a direct hit (glancing blows
will not be allowed). After the impacts, the reflective sheeting shall be con-
sidered performing satisfactorilywhenno loss of sheeting results and there is
novisible change indayandnightperformance (whenviewedfrom500feet).

The sheeting to be tested for flexibility shall be conditioned for 24 hours at 0°C.

E. Type IV Reflective Sheeting. The Type IV reflective sheeting shall consist of
high-gloss transparent ultraviolet light-stabilized polyester filmbonded to a layer
of polyester cube corner prisms with not less than 40,000 prisms per square inch
meeting AASHTO M 268 and the following:

1. Type IV, Class 1 Reflective Sheeting. The backing for the polyester sheet-
ing used on barricade rails, drums, and traffic cones shall be an opaque-white
plasticized polyester film not less than 0.004 inch thick with an adhesive
backing meeting AASHTO M 268, Class 1.

2. FlexibleRollupSign,Non-AdhesiveBackingFabric.Thepolyester sheet-
ing on the flexible rollup portable signs shall be coated on both sideswith or-
ange pigment polyester and shall meet the following Specifications:
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Base Fabric
Fiber 1,000 denier polyester
Weight 3 ounces/square yard
Fabric Count 10 warp, 10 fill

Coated Fabric
Total Weight 14 ± 1/2 ounces/square yard
Type of Coating PVC
Color Orange
Distribution 60 face, 40 back

Federal Standard
Mechanical Properties 191 Method

Tensile Strength Warp 250, Fill 200 5100
Tear Strength Warp 85, Fill 95 5134.1
Low Temperature --65°F.
High Temperature
Continuous +180°F.

Abrasion Resistance (Taber) 1,700 Cycles 5306
Flame Resistance California Fire

Marshall Approved
Reg. No. F 102.4

F. Wide Angle Prismatic Reflective Sheeting. The sheeting shall consist of pris-
matic lenses formed in a transparent synthetic resin, sealed, and backed with an
aggressive pressure sensitive adhesive protected by a removable liner. The sheet-
ing shall have a smooth surface with a distinctive interlocking diamond seal pat-
tern and orientation marks visible on the face.

MINIMUM COEFFICIENT OF RETROREFLECTION
(Candelas per foot candle per square foot)

90° Rotation Angle

Observation
Angle (Deg.)

Entrance
Angle (Deg.) White Orange

0.2
0.2
0.2
0.5
0.5
0.5

--4
+30
+50
--4
+30
+50

800
400
120
200
100
40

300
150
50
100
50
20

Daytimecolor shall conform to the table shownbelow.Color of sheetingmounted
on aluminum test panels shall be determined instrumentally in accordance with
ASTM E 1164. Values shall be determined on a HunterLab Labscan 6000--0/45
Spectrocolorimeter with option CMR 559. Computations shall be done in accor-
dance with ASTM E 308 for the 2 degree observer.
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COLOR SPECIFICATION LIMITS* (DAYTIME)
Reflectance
Limit Y (%)

Color

White

Orange

x

0.303

0.558

y

0.300

0.352

x

0.368

0.636

y

0.366

0.364

x

0.340

0.570

y

0.393

0.429

x

0.274

0.506

y

0.329

0.404

min.

40

12

max.

--

30

1 2 3 4

*The four pairs of chromaticity coordinates determine the acceptable color in terms of the CIE 1931 stan-
dard colorimetric system measured with standard illuminant D65.

The sheeting shall show no cracking outside the impact area when the face of the
panel is subjected to an impact of 100 inch-pounds, using aweightwith a 5/8 inch
diameter rounded tip dropped from a height necessary to generate an impact of
100 inch-pounds, at temperatures of both 32°F. and 72°F.

The impact-resistant aluminum panel shall be the same as required for Type III B
reflective sheeting.

The Retroreflective Sheeting shall be processed and applied to aluminum sign
blankmaterials in accordance with the sheetingmanufacturer’s instructions. The
sheeting shall perform effectively for three years. If, within three years from the
dateof acceptance, the sheetinghasdeteriorateddue tonatural causes to theextent
that (1) the sign is ineffective for its intendedpurposewhenviewed fromamoving
vehicle under normal day or night driving conditions by a driver with normal vi-
sion; or (2) the coefficient of retroreflection, after cleaning, is less than 400 for
white and 150 for orange when measured at 0.2 degrees observation and --4
degrees entrance at 90 degrees rotation; new sheeting will be furnished and
installed by the Contractor.

G. Fluorescent Orange Wide Angle Prismatic Retroreflective Sheeting. The
sheeting shall consist of prismatic lenses formed in a transparent fluorescent
orange synthetic resin, sealed, and backed with an aggressive pressure sensitive
adhesive protectedby a removable liner. The sheeting shall have a smooth surface
with distinctive interlocking diamond seal pattern and orientation marks visible
from the face.

MINIMUM COEFFICIENT OF RETROREFLECTION
(Candelas per foot candle per square foot)

90° Rotation Angle

Observation
Angle (Deg.)

Entrance
Angle (Deg.) Orange

0.2
0.2
0.2
0.5
0.5
0.5

--4
+30
+50
--4
+30
+50

200
120
50
80
50
20
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Daytime color and maximum spectral radiance factor (peak reflectance) shall be
determined in accordance with ASTM E 991 using a HunterLab Labscan
6000--0/45.

COLOR SPECIFICATION LIMITS (DAYTIME)
Reflectance
Limit Y (%)

Color

Orange
(new)
Orange
(weathered)

x

0.583

0.583

y

0.416

0.416

x

0.535

0.523

y

0.400

.396

x

0.595

0.560

y

0.351

0.360

x

0.645

0.631

y

0.355

0.369

min.

30

20

max.

--

45

1 2 3 4

Nighttime color shall be determined in accordance with ASTME 811 and calcu-
lated in accordancewithASTME308.Sheeting shall bemeasuredat 0.33degrees
observation and --4 degrees entrance at 90 degrees rotation.

COLOR SPECIFICATION LIMITS (NIGHTTIME)

Color

Orange
(new and
weathered)

x

0.625

y

0.375

x

0.589

y

0.376

x

0.636

y

0.330

x

0.669

y

0.331

1 2 3 4

The sheeting impact resistance requirements shall be the same as in Section
894.02 F.

The impact-resistant aluminumpanel shall be the same as that required in Section
894.02 F.

The field performance requirements shall be the same as specified in Section
894.02 F., except that coefficient of refraction for the fluorescent sheeting can be
no lower than 100.

894.03 PIGMENTED PLASTIC FILM, PRESSURE-SENSITIVE
ADHESIVE.

A. Description. This material shall be flexible, pigmented plastic film completely
precoatedwith apressure-sensitive adhesive.The adhesive shall beprotectedbya
treatedpaper linerwhich shall be removablewithout soaking inwater or other sol-
vents. The material shall be available in colors listed in Section 894.03 B.7.

B. Material Requirements.Material requirements shall be as follows:

1. Thickness. The thickness of the plastic film with adhesives shall be a mini-
mum of 0.003 inch and a maximum of 0.0045 inch.
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2. Film.Theunapplied and applied film shall be readily processed and shall en-
sure adequate adhesion with process or printed inks recommended by the
manufacturer.

3. Flexibility. The material shall be sufficiently flexible to permit application
over and conformance to moderately-contoured surfaces.

4. Gloss. The film shall have a minimum initial 60 degree gloss value of 35
when tested according to ASTMD 523, measuring at least three portions of
the film to obtain uniformity.

5. Adhesive. The precoated adhesive shall form a durable bond to smooth,
clean, corrosion-resistant, andweather-resistant surface; shall be of uniform
thickness; shall be noncorrosive to applied surfaces; and shall have no stain-
ing effect on the film. The adhesive shall adhere securely at temperatures of
--30°F. to +200°F.; shall not crack, chip, or peel voluntarily; nor shall it be re-
moved from the panel in one piece without the aid of a tool.

6. Sunlight Resistance. There shall be no effect on the adhesive tack or per-
formance following exposure of the adhesive face under a newGeneralElec-
tric RS Sunlamp for a period of six hours at a distance of 8 inches.

7. Exterior Exposure. The unprocessed material shall withstand the years of
exposure, listed below by color, in a vertical, south facing exterior exposure
inTexas.During the exposure, theunprocessedmaterial shall shownoappre-
ciable discoloration, cracking, crazing, blistering, delamination, or loss of
adhesion. A slight amount of chalking is permissible. The Contractor shall
furnish awritten assurance from themanufacturer that the sheetingwillmeet
the requirements of the following table and be effective for its intended pur-
pose when viewed from a vehicle, throughout the satisfactory performance
life:

Satisfactory
Performance

Color Life

White 7 years
Black 7 years
Yellow 5 years
Aluminum 5 years
Insignia Blue 5 years
Transparent 5 years
Red 3 years
Gold 3 years

TheContractor shall secure fromthemanufacturer allwarranties andguaran-
teeswith respect tomaterials, parts,workmanship, or performancewhich the
productscoveredby theproposalbear, and include thesewarranties andguar-
antees with the certification.

8. Fungus Growth. The film shall not support fungus growth.

9. Plastic Lettering.Plastic lettering filmas furnished in rolls, sheets, or letters
shall be free from ragged edges, cracks, blisters, streaks, foreign matter, or
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other surface imperfections which would make it unsuitable for usage. The
plastic lettering film shall be capable of being readily cut with scissors,
knives, blades, or shears without cracking, crazing, checking, or flaking.

894.04 LETTERS, NUMERALS, SYMBOLS, AND BORDERS FOR PANEL
SIGNS.

A. General.All letters, numerals, symbols, and borders shall meet the requirements
shown in the Contract and the MUTCD.

All letters, numerals, symbols, and borders shall have a regular outline and be
clean-cut and sharp. All letters, numerals, and symbols shall have a continuous
stroke and border. In special cases, symbolsmay have a broken stroke andborder,
provided theydonotexceedmore than two incrementsand that theyarenecessary
for manufacturer’s fabrication.

Blind rivets used formounting shall conform to thePlans and shall extend past the
back of the sign backing for a minimum distance of 1/8 inch. They shall be made
of nonrust material.

B. Demountable Reflectorized Cutout Letters, Numerals, Symbols, and Bor-
ders.Demountable reflectorized cutout type letters, numerals, symbols, and bor-
ders shall consist of adhesive-coated reflective sheeting permanently adhered to a
flat sheet aluminumbacking. Type III and IV reflective sheetingmeeting Section
894.02 shall be used.

The reflective sheeting shall be applied to the properly-prepared aluminumwith
the equipment and in the manner prescribed by the sheeting manufacturer.

Letters, numerals, symbols, and border backing shall be aluminum alloymeeting
ASTM B 209, Alloy 6061 T6 or 5052 H38 with mill finish and of the thickness
shownon thePlans.Aluminumbacking shall beproperly degreasedand etchedas
specified in Section 894.01 B.

Mounting holes shall be uniformly spaced around the letters or characters and
shall have the edge clearance shown in the Contract. The spacing shall be deter-
mined by the character size and shape. Mounting holes shall be spaced no more
than 8 inches on centers, except for characters of 8 inches in height or less. For
characters 8 inches high or less, themaximum spacing ofmounting holes shall be
4 inches. Mounting holes shall be drilled by the manufacturer.

Each letter, numeral, symbol, and border shall be offset, unless otherwise speci-
fied, as shown on the Plans with aluminum shim spacers meeting ASTMB 221,
Alloy 2024. Finish of the letters, numerals, symbols, and borders shall be done
with material and in the manner specified by the manufacturer of the reflective
sheeting.

C. Direct Applied Type III A and III B Reflective Sheeting Letters, Numerals,
Symbols, and Borders.

1. General. The letters, numerals, symbols, and border shall consist of adhe-
sive-coated, pressure-sensitive reflective sheeting meeting Section 894.02.
The material used for fabrication of letters, numerals, symbols, borders, and
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routemarkers shall be sampledand testedas specified for other reflectivema-
terials.

2. Fabrication. Letters, numerals, symbols, and borders shall be cut from
reflective sheeting and shall have smooth regular outline, free from raggedor
torn edges.Letters, numerals, and symbolshaving interior or exterior corners
shall have these corners cut with a smooth 3/16 inch ± 1/16 inch radius.
Border corners and strips shall have no corner radius. Routemarkers used in
conjunction with direct-applied letter shall be applied to 0.040 aluminum
backing and shall be attached with blind rivets or other common nonrust
fasteners. Fasteners shall be placed amaximumof 6 inches on center around
the perimeter of the shield. The reflective sheeting shall be of the same type
specified for the letters. All sheeting, numerals, symbols, and borders shall
show careful workmanship and shall be of regular outline.

894.05 POSTS AND HARDWARE FOR SIGNS.

A. Hardware for Signs.

1. General.All aluminum bolts, nuts, U-bolts, lockwashers, and washers shall
be given at least a 0.002-inch anodic coating and chromate seal. All steel
bolts, nuts,U-bolts, lockwashers, andwashers shall begalvanized steelmeet-
ing ASTM A 153.

Use of substitute alloys in lieu of the alloy specified for various items of
“Hardware for Signs”may be approved by the Engineer upon submission of
documented evidence that the proposed substitute alloy has applicable quali-
ties equal to or superior to the designated alloy.

2. Bolts. Aluminum panel bolts, etc., shall be fabricated of aluminum alloy
meeting ASTM B 211, Alloy 2024 T4 or 6061 T6.

Steel panel bolts, machine bolts, etc., shall meet ASTM A 307.

3. Nuts. Aluminum nuts, hex nuts, vandal-resistant nuts shall be fabricated of
aluminum alloy meeting ASTM B 211, Alloy 6061 T6.

Steel hex nuts shall meet ASTM A 307.

In lieu of using torquewrenches to obtain the required torques for fuse joints
and slip base used in the breakaway system, the Torque Control Nut System
may be used. This system shall provide automatic torque control, consis-
tently-controlled preload, vibration resistance, high strength, easy installa-
tion, simple inspection, and resistance to weather effects.

The torque control nut shall be designed tomate with standard high-strength
bolts meeting ASTMA 325. The minimum stripping strength of the threads
shall be equal to or shall exceed the strength level of the mating bolts.

The self-locking quality of resistance to loosening shallmeet the tests in Fed-
eral SpecificationMILN25027 and shall be installed according to themanu-
facturer’s recommendations.
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4. Washers. Aluminum lockwashers shall be fabricated of aluminum alloy
meeting ASTM B 209, Alloy 7075 T6.

Aluminum flat washers shall be fabricated of aluminum alloy meeting
ASTM B 209, Alloy 2024 T4.

Steel lockwashers shall be fabricated of steel meeting ANSI B 27.1.

Steel flat washers shall be fabricated of steel meeting ASTM A 307.

Plastic washers shall be fabricated to the sheeting manufacturer’s specifica-
tions.

5. Stringers. Aluminum stringers shall be fabricated to Plan dimensions and
made of aluminum alloy meeting ASTMB 221, Alloy 6061 T6 or ASTMB
308, Alloy 6061 T6.

Steel stringers shall be fabricated to Plan dimensions andmade of steelmeet-
ing ASTM A 36.

6. AluminumAlloy Castings. Brackets, post caps, and fuse plates may be
either permanent mold castings or sand castings.

Aluminum alloy permanent mold castings shall meet ASTM B 108, Alloy
SG70A F or SG80A T6.

Aluminum alloy sand castings shall meet ASTM B 26, Alloy SG70A F or
SG70A T6.

7. Steel Castings.Brackets, post caps, and fuse plates shall meet AASHTOM
103, Grade 65-35.

8. U-Bolts. Aluminum U-bolts shall be fabricated of aluminum alloy meeting
ASTM B 211, Alloy 2017 T4.

Steel U-bolts shall be fabricated of steel meeting ASTM A 307.

9. Anchor Bolts.Anchor bolts, anchor studs, nuts, and washers shall be fabri-
catedof steelmeetingASTMA307andmeetAASHTOM314Grade55Me-
chanical requirements.

All nuts, washers, and anchor studs shall be galvanized steel meetingASTM
A 153.

The hex bar shall be tappedwithU.S.S. Standard right thread, both ends, and
made of steel meeting ASTM A 307.

10. Attachment Clip and Plate. Attachment clip and plate for attachment of
steel panels shall be fabricated as shown in the Contract, and made of steel
meeting ASTM A 283 and galvanized in conformance to ASTM A 153.

11. Fuse Joint Bolts.Aluminumfuse plate bolts andwashers shall be fabricated
from aluminum meeting ASTM B 211, Alloy 2024 T4.
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Steel fuse plate bolts and washers shall be fabricated from steel meeting
ASTMA 325, and nuts shall be of the capacity to develop the bolt strength.
Bolts, nuts, and washers shall be galvanized according to ASTM A 153.

12. Breakaway Base Bolts.Allbreakawaybasebolts shall havebolts andwash-
ers fabricated from steel meeting ASTMA 325, and nuts shall be of the ca-
pacity to develop the bolt strength. Bolts, nuts, and washers shall be galva-
nized according to ASTM A 153.

B. Posts.

1. General.Tubular post size, length, andweight shall be as shown in the Con-
tract for each type of sign.

Welding on aluminum shall be done according to Section 6 and welding on
galvanized steel shall be done according to Section 5 of the AASHTO Stan-
dard Specifications for Structural Supports for Highway Signs, Luminaires,
and Traffic Signals.

All markings on posts, signs, casting, etc., shall be removed after erection.

2. Aluminum Tubular Posts and Accessories.

Material Specification

Drawn Seamless Tubes and ASTM B 210, Alloy 6061 T6 or
Extruded Round or Square Tubes ASTM B 241, Alloy 6061 T6

Extruded Structural Shapes ASTM B 221, Alloy 6061 T6

Breakaway Bases ASTM B 209, Alloy 6061 T6

Fuse Plates ASTM B 209, Alloy 6061 T6

Fuse Plate Bolts and Washers ASTM B 211, Alloy 2024 T4

3. Steel (Galvanized) Posts and Accessories.

Material Specification

Standard Steel Pipe AASHTO M 111, 270 Grade 36,
and M 232

Breakaway Bases AASHTO 270 Grade 36
and M 232

Fuse Plates AASHTO 270 Grade 36
and M 232

4. Square Steel Telescoping Tubular Posts. Tubing shall be of the size and
shape shown in the Contract and shall meet the following requirements:

a. Material. Steel posts shall conform to the standard specifications for a
Grade 55 hot rolled carbon sheet steel, structural quality, ASTM desig-
nation A 570.
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b. Shape. The cross section of the post shall be square tube formed of 12
gauge (0.105 U.S.S. gauge) and 10 gauge (0.135 U.S.S. gauge) steel,
carefully rolled to size and shall bewelded directly in the corner by high
frequency resistanceweldingandexternally scarfed toagreewithcorner
radii.

c. Finish. Signposts shall be manufactured from hot-dipped galvanized
steel conforming to ASTM specification A 653, designation G90. The
corner weld shall be zinc coated after scarfing operation. The steel shall
be coated with a chromate conversion coating and a clear organic poly-
mer topcoat. Both the interior and the exterior of the post shall be galva-
nized.

d. Cross Section. Perforated sign posts shall be one or more of the follow-
ing sizes:

Size U.S.S. Gauge Weight (lbs./foot)
1 1/2” × 1 1/2” 12 1.70

2” × 2” 12 2.42
2 1/4” × 2 1/4” 12 2.77
2 1/2” × 2 1/2” 12 3.14
2 3/16” × 2 3/16” 10 3.43
2 1/2” × 2 1/2” 10 4.01

e. Holes.Holes shall be 7/16± 1/64 inches in diameter on one (1) inch cen-
ters on all four sides down the entire lengthof the post. Theholes shall be
on centerline of each side in true alignment and opposite each other di-
rectly and diagonally. All metal shall be removed from the punched
holes.

f. Length. The length of each post shall have a permissible length toler-
ance of ±1/4 inch.

g. Telescoping Properties. The finished posts shall be straight and have a
smooth, uniform finish. It shall be possible to telescope all consecutive
sizes of square tubes freely and for not less than ten feet of their length
without the necessity of matching any particular face to any other face.
All holes and ends shall be free from burrs and ends shall be cut square.

h. Tolerances.

(1) Tolerances on outside sizes:

Nominal Outside Outside Tolerances at
Dimensions All Sides at Corners
1 1/2” × 1 1/2” ±.006”

2” × 2” ±.008”
2 1/4” × 2 1/4” ±.010”
2 1/2” × 2 1/2” ±.010”
2 3/16” × 2 3/16” ±.010”

Note: Measurements from outside dimensions shall be made at
least 2 inches from the end of the tube.
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(2) Wall Thickness Tolerances. Permissible variation in wall thick-
ness is +.011 inch -- .008 inch.

(3) Convexity andConcavity.Measured in the center of the flat sides,
tolerance in ±.010 inch, determined at the corner.

(4) Squareness of Sides and Twist.

Nominal Outside Squareness Twist Permissible
Dimensions Tolerance in 3 Feet Length
1 1/2” × 1 1/2” ±.009” .050”

2” × 2” ±.012” .062”
2 1/4” × 2 1/4” ±.014” .062”
2 1/2” × 2 1/2” ±.015” .075”
2 3/16” × 2 3/16” ±.014” .062”

Note:A sample shall be considered to fail if its sides are not 90 de-
grees to each other within the squareness tolerance listed above.

(5) Straight Tolerance.Permissible variation in straightness is 1/16 of
an inch in 3 feet.

(6) Corner Radii. Standard outside corner radius shall be 5/32 of an
inch ±1/64 inch.

i. Installation.The square endof thepost shall not bemodifiedor pointed,
but shall be capable of being driven into the ground with the use of an
approved driving cap.

j. SlipBaseAssembly.Thedesign and the construction of the slip base as-
sembly shall be as shown on the Plans. The assembly shall be as
manufacturedbyUnistrutCorporationor approvedequal.Themanufac-
turer shall certify that the chemistry, geometry, and mechanical proper-
ties are the same as those used in the tests and that the assemblywillmeet
FHWA change-in-volocity requirements.

5. Accessories.

a. Anchor Plates. The anchor plates shall be rolled from High Strength,
Hot-Rolled Steel conforming to ASTM A 499, Grade 60, 60,000 psi
minimum yield strength and 90,000 psi minimum ultimate strength.

b. Safety Retainer-Spacer Strap.Thestraps shall beof the size andshape
specified and shall be fabricated from steel meeting AISI 1020.

c. Nuts and Bolts. The bolts shall be the size specified and shall be fabri-
cated from steel meeting ASTMA 354, Grade BD, case hardened. The
nuts shall meet AASHTOM 291, Grade DH, and lockwashers shall be
heavy-duty external type. Nuts and bolts shall be cadmium plated
ASTM A 165, Type 05, except when using clear chromate.

d. Fabrication.The finishedpost shall bemachine straightenedandhave a
uniform finish, free from defects affecting its strength, durability, or ap-
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pearance. All holes and sheared ends shall be commercially free from
burrs.

Sign posts and stringers shall be punched on the center line with
7/16-inch diameter holes on one-inch centers for the entire length.

Base posts shall be punched on center line with a minimum of 12
7/16-inch diameter holes on one inch centers. The first hole shall be one
inch from the top. The bottomof the post shall be pointed for easy instal-
lation.

The sign post, base posts, retainer-spacer, and anchor plates shall be gal-
vanized according to AASHTO M 232.

6. StructuralSteelPosts.Structural steel posts shall be fabricated frommateri-
al conforming toSection 834.01A. and shall be galvanized according toSec-
tion 854 after fabrication.

894.06 DELINEATORS.

A. Posts. Steel posts shall meet ASTM A 702.

Steel posts shall be galvanized according to AASHTO M 111 or be aluminum
posts fabricated from aluminum alloy meeting ASTM B 308, Alloy 6061-T6.

Posts shall have holes at 1 inch spacing the entire length of the post.

B. Reflectors.

1. Reflective Sheeting. Type III reflective sheeting for delineators shall be
whiteor yellowadhesivecoated, permanentlyadhered toaluminumorgalva-
nized steel.

The reflective sheeting shall meet Section 894.02. Backing material shall
meet Section 894.01.

The finished reflector shall show careful workmanship; be free of burrs,
scratches, or damaged reflective sheeting; and have essentially a flat surface.

2. Acrylic Plastic.

a. Metal Parts.Thehousing shall be .020-inchASTMB2093003H14, or
5052 0 sheet aluminum formed to approximately 3-1/4 inches in diame-
ter and 0.235-inch in depth to retain the acrylic reflector. The housing
shall be provided with four embossed circular reinforcement ribs and
marked with the manufacturer’s name and part number.

An aluminum grommet with a 3/16-inch inside diameter shall be ex-
panded within the reflector mounting hole.

b. Acrylic Plastic. The reflector shall be an acrylic plastic manufactured
from methyl methacrylate. The reflector shall consist of a clear and
transparent plastic face, with aminimumof 7 square inches of reflective
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area, referred to as the lens. It shall have a heat sealable plastic coated
metallic foil back fused to the lens under heat and pressure around the
entire perimeter of the lens and the central mounting hole to form a unit
permanently sealed against dust, water, and water vapor. The reflector
shall be colorless, yellow, or red.

The lens shall consist of a smooth front surface free from projection or
indentation other than the central mounting hole and identification with
a rear surface bearing a prismatic configuration such that it will provide
total internal reflection of light.

c. Optical Requirements. The optical requirements shall be as follows:
Observation

Angle (degrees)
Crystal

0.1

0.1

0

20

11.0

4.4

6.6

2.6

2.7

1.0

Yellow Red

Entrance Angle
(degrees)

Coefficient of Luminous
Intensity (cd/lx)

The reflex reflector to be tested shall be located 100 feet from a single
light source having an effective diameter of 2 inches; the light source
shall be operated at approximately normal efficiency. The return light
from the reflector shall bemeasured by a photoelectric photometer hav-
ing a minimum sensitivity of 1 × 10--7 foot candles per mm scale divi-
sion. The photometer shall have a receiver aperture of 0.5 inch diameter,
shielded to eliminate stray light. The distance from light source center to
aperture center shall be2.1 inches for 0.1degreeobservationangle.Dur-
ing testing, the reflector shall be spun to average the orientation effect. If
a test distance other than 100 feet is used, the source and aperture dimen-
sions and the distance between source and aperture shall be modified in
the same proportion as the test distance.

Failure tomeet the specific intensityminimumshall constitute failure of
the reflector being tested; failure of more than two reflectors out of 50
subjected to test shall constitute failure of the lot.

d. Durability. The durability tests shall be as follows:

(1) Seal Test.The following test shall beused todetermine if a reflector
is adequately sealed against dust and water.

Submerge 50 samples in a water bath at room temperature. Subject
the submerged samples to a vacuum of 5 inches for 5 minutes, then
examine them forwater intake. Failure ofmore than 2percent of the
number tested shall be cause for rejection.

(2) Heat Resistance Test.Three reflectors shall be tested for 4hours in
a circulating air oven at 175° ± 5°F. The test specimens shall be
placed in a horizontal position on a grid or perforated shelf permit-
ting free air circulation. At the conclusion of the test, the samples
shall be removed from the oven and permitted to cool in air to room
temperature. The samples, after exposure to heat, shall showno sig-
nificant change in shape and general appearance when compared
with unexposed control standards. No failures will be permitted.
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C. Fasteners.Aluminum tension pin fasteners shall be an aluminum alloy meeting
ASTM B 211, Alloy 2024 T4 or 6061 T6. The collar shall be aluminum alloy
meeting ASTMB 211, Alloy 6061-T67 or 6061 T6. The fasteners shall conform
to the Contract.

Steel tension pin fasteners shall be a medium carbon steel with a minimum shear
strength of 70,000psi and aminimum tensile strength of 67,500psi. They shall be
galvanized according to AASHTO M 232 conforming to the Contract.

894.07 SAMPLING AND TESTING.

A. Base Metal.TheContractor shall furnish to the inspector a certification as speci-
fied in Section 801.01.

B. Solutions for Cleaning and Etching. The solutions used for cleaning and etch-
ing shall notvarymore than10percent fromthemanufacturer’s recommendation.
In addition, all treatment tanks shall be chargedwith fresh chemicals at least once
a year. Titration equipment shall be available for the inspector’s use to check the
solution strengths.

C. Inspection.Allmaterial and finished signs are subject to inspection at the placeof
manufacture and shall be subject to final inspection at the time of erection. Test
panels, 12 inches by 12 inches representative of any stage of production, shall be
furnished upon the inspector’s request. These panels shall be processed with the
regular production run and witnessed by the inspector. All surfaces exposed to
weathering shall be free of any defects that may impair the serviceability or de-
tract from the general appearance or color matching of the sign. Signs with any
defects or damage that would affect their appearance or serviceability will not be
accepted. No repairs shall be made to the face sheet without the approval of the
inspector. Signs not conforming in all respects to the requirements will be re-
jected.

D. Reflective Sheeting. The reflective sheeting shall be certified by the manufac-
turer that the minimum brightness values previously listed for each color, have
beenmet. The color of each type shall be checked by the inspector using the stan-
dard color charts as specified.

1. Reflective Sheeting Flexibility.TheContractor shall furnish test specimens
for each color of reflective sheeting according to AASHTOM268. Type III
and Type IV reflective sheeting shall be applied to a plate as specified in
AASHTOM268 and shall be furnished for each color. These test specimens
shall be processed with the regular production run and witnessed by the in-
spector.

2. Inspection.Thereflective sheetingpackagesshall be inspectedbefore instal-
lation on sign backings. TheContractor shall provide access by the inspector
and shall indicate the roll packages or flat packages to be used on a particular
Project. The inspector will mark the roll of flat material and note the manu-
facturer’s date.Allmaterial used on that Project shall be usedwithin one year
of this date. If this date is past on the date of inspection, the roll shall be re-
jected.

E. Torque Control Nuts. The Contractor shall furnish to the inspector a certifica-
tion, as specified in Section 801.01, if torque control nuts are chosen for use.
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894.08 STRUCTURES FOR OVERHEAD SIGNS.

A. General. Shop drawings shall be submitted for all structures for overhead signs.
Submission shall be according to Section 770.02 B, Volume 2.Welders as speci-
fied in 105.06 D.

1. Welding.

a. Welding Steel.All steel welding shall be done according to the specifi-
cations forweldingof steel structures in theAASHTOStandardSpecifi-
cations for Structural Supports for Highway Signs, Luminaires, and
Traffic Signals.

(1) Treatment of Welded Areas. The individual components may be
galvanized after fabrication according to AASHTOM111, or each
member may be galvanized before fabrication as specified in Sec-
tions894.08BandC.Areasdamagedbyweldingmaybemetallized
by one of the methods in Sections 894.08 A.1.a.(2) or (3).

When galvanizing after fabrication, the struts and diagonal tubes
shall have a 3/4-inch minimum hole punched into chords to facili-
tate galvanizing. The chords on the capped end shall have two
1/2-inch holes at top and bottom to facilitate galvanizing. The end
tower vertical columns shall have two 1/4-inch holes in the base
plate and two 3/4-inch holes at the top of each column to facilitate
galvanizing.

(2) Metallizing Process. The portion of the unit on which the galva-
nized coating has been damaged shall be thoroughly cleaned by
blastingwith sharp sandor steel grit. Theblasted area shall extendat
least 1/2-inch over the undamaged section of galvanized coating.
The area shall be coated with zinc within 24 hours after blasting.
Should there be a delay of more than 24 hours, or should any of the
cleaned portion become soiled before metallizing, these sections
shall be reblasted.

Zinc wire containing at least 99.98 percent zinc shall be used in the
metallizing operation. The pure zinc coating applied to the section
shall have a thickness of at least 0.005 inch (2.98 oz. per square
foot) over the damaged section, and shall taper off to zero thickness
at the edge of the blasted undamaged section.

Areas which have not been cleaned or coated satisfactorily shall be
rejected. If the Engineer so elects, the metallizing shall be done in
the Engineer’s presence.

(3) Paint-on-Galvanizing. Paint-on-galvanizing shall be applied to
areas that have been damaged, in the manner specified by Federal
Specification MIL P 21035.

b. Welding Aluminum.All aluminumwelding shall be done according to
the specifications for welding aluminum structures, in AASHTO Stan-
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dard Specifications for Structural Supports for Highway Signs,
Luminaires, and Traffic Signals.

Welding shall be carefully checkedby the fabricator byvisual inspection
of all welds, by proof testing of welds, and by restrictive testing of weld
samples fabricated during the production welding.

2. Grating and Handrail. The walkway grating and handrail shall be of the
type andmaterial shown in the Contract. If grates require splicing, the splice
shall be at the center of the support. The rail may be in one or more pieces,
depending on length, with a post assembly at each end of each piece of rail.

The aluminum grating shall meet ASTMB 221, Alloy 6061 T6. The alumi-
numgrating shall resist a point load of 500pounds and shall have a deflection
of 1/4-inch or less when loadedwith a uniform load of 100 pounds per linear
foot. The deflection shall be based on a simple span, 5 feet in length.

The U-bolts, bolts, washers, nuts, and clips shall be austenitic stainless steel.

The aluminum railing shall be composed of 1-1/4-inch nominal diameter
Schedule 40 pipe and fittings, with flush surfaces. Joints between the pipe
and fittings shall be welded and ground smooth. Railings shall be made in
sections of suitable size to be raised or lowered by one man from one end of
each section. The railing hinge and locking pin shall be of the type specified.

B. Free Standing Overhead Signs.

1. Round Tubes and Standard Pipe. Steel round tubes and standard pipe
members shall meet AASHTO270Grade 36,M 161, or ASTMA53 (Grade
B Steel) and shall be galvanized according to AASHTO M 111.

2. Round-Tapered or Octagonal-Tapered Tubes. The overhead sign struc-
ture may be designed and fabricated from round-tapered or octagonal-
tapered steel tubes in lieu of round and standard pipe as shown in the
Contract.Major dimensions shall be retained, such as truss cross section and
length, and end towers vertical dimensions. If this option is chosen, the
Contractor shall furnish to the Department all necessary calculations and
drawings used in designing these structures. The structures shall be designed
according to the latest issue of theAASHTOpublicationof StandardSpecifi-
cations for Structural Supports for Highway Signs, Luminaires, and Traffic
Signals. A wind velocity of 85 mph shall be used to compute the wind
pressures on the signs and structures. Shop drawings shall be submitted after
the above design has been submitted and approved.

The round-taperedoroctagonal-tapered tubemembers shallhaveaminimum
yield strength of 50,000 psi after fabrication. The shaft shall have no more
thanone longitudinalweld and shall be galvanized according toAASHTOM
111.

3. Flat Bars. Flat bar members shall meet AASHTO 270 Grade 36, or M 161
and galvanized according to AASHTO M 111.

4. Flange.Flange, baseplate, clamps, andplatematerial shall be the samemate-
rial used in fabricating columns and truss chords.
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5. Truss.Steel shapes shallmeetAASHTO270Grade 36, orM161 galvanized
according to AASHTO M 111.

6. Hardware. Steel bolts shall be fabricated according to ASTM A 325, and
galvanized according to AASHTOM 232. Steel U-bolts shall be fabricated
from round steel bars and threaded on both ends meeting ASTMA 307, and
galvanized according to AASHTO M 232.

7. Anchor Bolts, Nuts, andWashers.Thematerial used for anchor bolts shall
be medium carbon, hot rolled steel bars meeting AASHTOM314 Grade 55
and the following mechanical requirements:

Yield Strength 55,000 psi
Ultimate Strength 75,000 to 95,000 psi
Elongation (2-inch gage), min 21% *
Reduction in Area, min 30% **
Longitudinal Charpy V-Notch, min 15 ft-lbs at 40°F.
*Elongation (eight-inch gage), minimum18 percent for bolts tested full section.
** Bolts over 2 to 2-1/2 inch, 22 percent min; over 2-1/2 to 3 inch, 20 percent min.

Notch toughness tests on specimens shall be performed according to Test
FrequencyPofASTMA673and the notch shall be oriented perpendicular to
the longitudinal axis of the anchor bolt. Itmaybenecessary to heat the steel in
order to meet the Charpy V-Notch impact requirements.

Anchor bolts, nuts, and washers shall be zinc-coated, as shown on the plans
and specifications, according to ASTMA153. Dimensions of the bolts shall
be as shown on the plans.

Threads on the anchor bolts shall be 8UN series as specified in ANSI B1.1
and shall have Class 2A tolerances before coating. After coating, the maxi-
mum limit of pitch and major diameters may exceed the Class 2A limit by
0.021 inch for bolts 1 inch and smaller, and by 0.031 inch for bolts larger than
1 inch indiameter. Anchor bolt threadsmaybecut or rolled into the roundbar
stock.

Nuts for anchor bolts shall conform to ASTM A 563, Grade A, heavy hex.
The threads shall be 8UN series as specified in ANSI B1.1 Class 2B toler-
ances, and tapped oversize after coating by notmore than 0.021 inch for nuts
1 inch and smaller, or more than 0.031 inch for nuts larger than 1 inch. The
nuts shall be lubricated as specified in Supplementary Requirement S1 of
ASTM A 563.

Washers shall conform to ASTM F 436 for circular washers.

All bolts shall be furnished with certification, including results of yield
strength, tensile strength, elongation, reductionof area, andcharpy tests,with
identification to the heat number of the steel, and to furnace lot number if heat
treated.Anchorbolts for cantilever and truss sign supports shall havean iden-
tification stamped in the end of the hook to identify them to a specific heat
number and the threaded end cross section to identify them to a specific test
report prior to sampling the bolts for testing.

The Engineer will sample anchor bolts (including nuts and washers) for de-
structive testing at the following frequency:



618

894.08 B.7

Cantilever sign supports -- 1 bolt per cantilever per heat.
Truss sign supports -- 1 bolt per truss assembly per heat.
Other uses -- 1 bolt per heat per project.

Additional bolts shall be ordered for sampling.

C. Overhead Signs on Bridge Structures.

1. Plates.Brackets and reinforcing plates shall meet ASTMB209, Alloy 6061
T6.

2. Angles, I-Beams, and Channels. Aluminum shapes shall meet ASTM B
308, Alloy 6061 T6.

3. Bolts, Nuts, Washers, and Lockwashers. All nuts, bolts, washers, and
lockwashers used in the erection and fabrication of the overhead sign struc-
tures on bridges shall be austenitic stainless steel; except, the bolts used for
the attachment to the bridge shall be fabricated according to ASTM A 325
and galvanized according to AASHTO M 232.

894.09 DETECTABLEWARNING PANELS.

A. NewConstruction.TheDetectableWarningPanels shall have aminimumsizeof
1 foot by 2 feet. The panels shall be safety yellow color throughout the panel and
consist of a surface of truncated domes aligned in a square grid pattern.

1. Dome Size. Truncated domes in a detectable warning surface shall have a
base diameter of 0.9 inchminimumto1.4 inchesmaximum, a topdiameter of
50 percent of the base diameter minimum to 65 percent of the base diameter
maximum, and a height of 0.2 inch.

2. Dome Spacing.Truncated domes in a detectable warning surface shall have
a center-to-center spacing of 1.6 inches minimum and 2.4 inches maximum
and a base-to-base spacing of 0.65 inches minimum measured between the
most adjacent domes on the square grid.

3. Dome Alignment.Domes shall be aligned on a square grid in the predomi-
nant direction of travel.

4. Size. Detectable warning surfaces shall extend 24 inches in the direction of
travel and the full width of the curb ramp landing.

B. Retrofit. Retrofit panels will meet the same requirements as New Construction
and, in addition, shall have a maximum thickness of 1/8 inch.
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-- A --

Abbreviations 9. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Acceptance 46. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Acceptance and Final Payment 87. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Acceptance of Aggregate Base or Surface Course 163. . . . . . . . . . . . . . . . . .
Acceptance of Material 529. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Acceptance of Prestressed Beams 330. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Acceptance of Work 47. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Accessories 611. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Additional Compensation for Suspension or Delay of Work 33. . . . . . . . . .
Additional Time, Request for 75. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Adjacent Beams 333. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Adjustment of Utilities 40. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Admixtures for Concrete 538. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Admixtures, Measuring, and Dispensing 535. . . . . . . . . . . . . . . . . . . . . . . . .
Aggregate Base or Surface Course

Acceptance 163. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Compaction 164. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Depositing and Laydown 164. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Equipment 164. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Limitations 165. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Maintenance of Completed Courses 165. . . . . . . . . . . . . . . . . . . . . . . . .
Pit Operations 164. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Subgrade Preparation 164. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Surface Tolerance 164. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Water 164. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Aggregate Content for Concrete 530. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Aggregate Cushion 433, 434. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Aggregate Source Limitations 51. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Aggregate Sources 49. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Aggregate Spreader 104. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Aggregate Stockpiles 52. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Aggregate Surface Course 163. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Aggregates 539. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Aggregates for Surfacing, Base, Asphalt Mixes, Blotter, and Seal Coats 542
Agitators, Concrete Transporting Equipment 119. . . . . . . . . . . . . . . . . . . . .
Air Content Test on Concrete 532. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Air-Entrained Concrete 531. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Air-Entraining Admixtures 538. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Allowable Deviation From Plans 43. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Alteration and Change of Plans or Character of Work 30. . . . . . . . . . . . . . .
Altered Quantities, Compensation for 87. . . . . . . . . . . . . . . . . . . . . . . . . . .
Aluminum Alloy Structural Plate 561. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Aluminum Pipe 560. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Aluminum Tubular Posts and Accessories 609. . . . . . . . . . . . . . . . . . . . . . . .
Aluminum, Concrete Use 322. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Anchor Bolts 327. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Anionic Emulsified Asphalt 549. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Approach Drains 454. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Approval of Contract 27. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Arbitration, Conditions Precedent to Contractor’s Demand for 37. . . . . . . .
Artifact or Archaeological Sites 56. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Asphalt

Distributors 103. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Mixing Plants 111. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Batch 113. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Continuous Mix 113. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Drum-Dryer 113. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Pavement, Hot 202. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Pavers 103. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Asphalt Cement 548. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Asphalt for Dampproofing and Waterproofing 556. . . . . . . . . . . . . . . . . . . .
Asphalt Materials 548. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Asphalt Transporter 114. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Authority of the Engineer 45. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Authorized Haul 145. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Automatic Batching Equipment 115. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Average Haul 145. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Award and Execution of Contract 26. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Award of Contract 26. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Award, Cancellation of 27. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

-- B --
Backfill

Foundation 148. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Ordinary 148. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Select 148. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Bar Reinforcement for Pavement 271. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Bar Reinforcement for Structures 336. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Bar Steel 568. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Barbed Wire 576. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Barbed Wire and Staples 476. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Barbed Wire Fence 476. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Barricade Application 406. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Barricades 400. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Barriers (Bridges)

Conventional Forming 318. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Slipforming 318. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Bars 568. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Bars for Prestressed Beams 568. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Bars, High Tensile Steel 568. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Base Course 545. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Bases 163. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Batch Plants 113. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Batching Equipment for Concrete 114. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Batching of Concrete Materials 534. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Beads, Glass 494. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Beams, Prestressed 328. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Bearing Plates 327. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Bearing Value for Pile 355. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Bedding for Structural Plate Pipe 374. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Bedding Material for Pipes 451. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Belt and Loader Bucket Scales 108. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Belt Scales 108. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Bending of Reinforcing Steel 336. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Bid Limitations 21. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Bid Schedule, Computer-Printed 22. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Bidding Requirements and Conditions 18. . . . . . . . . . . . . . . . . . . . . . . . . .
Billet Bars for Concrete Reinforcement 568. . . . . . . . . . . . . . . . . . . . . . . . . .
Bins, Surge 113. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Bitumen 548. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Bituminous Curbing 471. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Bituminous Distributors 103. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Bituminous Materials 548. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Bituminous Pavement, Cold 185. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Bituminous Pavement, Hot 202. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Bituminous Pavement, Hot Recycled 193. . . . . . . . . . . . . . . . . . . . . . . . . . .
Bituminous Pavement, Remove and Salvage 191. . . . . . . . . . . . . . . . . . . . . .
Bituminous Pavers 103. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Bituminous Seal Coat 255. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Black Polyethylene Membrane 467. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Blade Mix of Bituminous Mixtures 187. . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Blast Cleaning of Unpainted Steel 345. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Blending Machine 111. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Bolts, Nuts, and Washers 563. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Bond, Contract 27. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Bonded Fiber Matrix 424, 430. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Borders for Panel Signs 606. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Boring Logs 19. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Borrow 139. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Box Beam 580. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Box Culvert Removal 133. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Box Culverts 315. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Box Culverts, Precast Reinforced Concrete 333. . . . . . . . . . . . . . . . . . . . . . .
Braces, Fence 476. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Brass Sheets 563. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Breakaway Bases 488. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Brick 571. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Brick Masonry Construction 458. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Bridge and Culvert Excavation 147. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Bridge Approach Drains 450, 454. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Bridge Barriers 317. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Bridge Deck Finishing 316. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Bridge Deck Finishing Machines 121. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Bridge Railing 364. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Bridge Removal 133. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Bronze Bearing and Expansion Plates 563. . . . . . . . . . . . . . . . . . . . . . . . . . .
Buy America Products 53. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Bypass, Temporary 448. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Bypasses, Special 59. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Cable Guardrail 508, 577. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Calcium Chloride 531. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Cancellation of Award 27. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Cast Aluminum 563. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Castings 562. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Cast-in-Place Concrete Curb and Gutter 469. . . . . . . . . . . . . . . . . . . . . . . . .
Catch Basin 458. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Catch Basins, Adjustments of 460. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Cationic Emulsified Asphalt 549. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Cement 537. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Cement Scales 114. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Certificate of Compliance 48. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Chain Link Fence 476, 576. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Change of Plans or Character of Work 30. . . . . . . . . . . . . . . . . . . . . . . . . .
Channel Excavation 149. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Character of Work, Alteration and Change of Plans 30. . . . . . . . . . . . . . . .
Character of Workers, Methods, and Equipment 42. . . . . . . . . . . . . . . . . . .
Chemical Admixtures 538. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Civil Rights 68. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Claim for Extra Compensation 34. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Claims Against Contractor 37. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Class 1 and 2 Excavation for Structures 149. . . . . . . . . . . . . . . . . . . . . . . . .
Class Excavation 149. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Cleaning Up, Final 47. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Clearing and Grubbing 131. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Coarse Aggregate for Concrete 540. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Cofferdams 365. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Cold Applied Joint Sealant 558. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Cold Bituminous Pavement 185. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Cold�Feed Control 112. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Column or Wall Placement (Concrete) 316. . . . . . . . . . . . . . . . . . . . . . . . . .
Combination (Tied) Proposals 21. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Common Excavation 136. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Compaction

Aggregate Base or Surface Course 164. . . . . . . . . . . . . . . . . . . . . . . . . .
Embankment, Types 142. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Compensation for Altered Quantities 87. . . . . . . . . . . . . . . . . . . . . . . . . . . .
Completion Date Contracts 74. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Composition of Concrete 530. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Computer-Printed Bid Schedule 22. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Concrete Admixtures 538. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Concrete Aggregate 539. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Concrete Aggregate Scales 114. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Concrete Agitators 119. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Concrete Air-Entraining 531, 538. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Concrete Box Culverts, Precast Reinforced 333. . . . . . . . . . . . . . . . . . . . . . .
Concrete Curb and Gutter 469. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Concrete Curing (Bridges) 322. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Concrete Curing Materials 538. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Concrete Driveways 472. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Concrete Equipment 114. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Concrete Finishing Machines 121. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Concrete for Prestressed Beams 328. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Concrete Forms, Metal 567. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Concrete Masonry Units 571. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Concrete Pavement Repair 291. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Concrete Paving 267. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

See also Portland Cement Pavement
Concrete Pipe 449, 560. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Concrete Placement (Structures) 321. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Concrete Placement, Paving 268. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Concrete Saws 122. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Concrete Sidewalks 472. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Concrete Slope Protection 436. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Concrete Spreaders 120. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Concrete Structures 315. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Concrete Transporting Equipment 118. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Concrete, High-Early Strength 531. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Conditions Precedent to Contractor’s Demand for Arbitration 37. . . . . . . .
Conformity With Plans and Specifications 43. . . . . . . . . . . . . . . . . . . . . . .
Connectors, Timber 570. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Consideration of Proposals 26. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Construction Joint (Structures) 324. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Construction Staking 45. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Construction Zone Marking 409, 592. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Contents of Proposal Forms 18. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Continuous Mix Plants 113. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Contract Bond 27. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Contract Time 73. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Contractor Requirements 39. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Contractor’s License 18. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Contractor-Furnished Borrow 141. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Control of Material 48. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Control of Work 39. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Conventional Forming of Barriers 318. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Conversion of Days 75. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Conversion to Metric System 88. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Convict Labor 54. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Cooperation Between Contractors 41. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Cooperation With Utilities 40. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Coordination of Plans, Standard Specifications, and Special Provisions 41.
Copper Sheets 563. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Corner and Braces, Fence 476. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Corrugated Steel Pipe, Polymer-Coated 561. . . . . . . . . . . . . . . . . . . . . . . . . .
Cost Reduction Proposals 37. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Cultural Resources Preservation 56. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Culverts and Storm Drains 449, 451. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Culverts, Storm Drains, Edge Drains, and Underdrains 449. . . . . . . . . . . . .
Culverts, Structural Plate 373. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Curb and Gutter 469. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Curing Compound Sprayers 122. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Curing Concrete 322. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Curing Concrete Pavement 278. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Curing Prestressed Beams 331. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Cutoff of Piles 359. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

-- D --
Damage Claims, Responsibility for 63. . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Damage to Underground Utilities 40. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Damages, Liquidated 76. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Dampproofing and Fabric Waterproofing 466. . . . . . . . . . . . . . . . . . . . . . . .
Dampproofing and Waterproofing 555. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Deck Finishing 316. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Decreased Quantities 31. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Default and Termination of Contract 77. . . . . . . . . . . . . . . . . . . . . . . . . . . .
Defective Concrete (Structures) 322. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Defective Materials 52. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Defective Work, Removal of 43. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Delayed Delivery of Materials 75. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Delays, Other 75. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Delineator Application 407. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Delineator Posts 482, 612. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Delineators 612. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Delivery of Proposals 24. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Density of Embankments 142. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Department’s Response to Claim 37. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Department-Furnished Material 53. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Department-Optioned Borrow 139. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Determination and Extension of Contract Time 73. . . . . . . . . . . . . . . . . . . .
Determination of Working Days Used 74. . . . . . . . . . . . . . . . . . . . . . . . . . .
Detour 448. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Detour Signing 405. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Deviation, Allowable From Plans 43. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Dewatering Cofferdams 366. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Differing Site Conditions 33. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Direct Tension Indicators 567. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Diskette, Electronic Bidding 22. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Disposal of Structures 133. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Disposal of Surplus and Unsuitable Material 138. . . . . . . . . . . . . . . . . . . . . .
Disqualification of Bidders 25. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Distributors 103. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Dowel Bar Retrofit 296. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Dowel Bars 568. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Doweled Contraction Joint Assembly 272. . . . . . . . . . . . . . . . . . . . . . . . . . .
Doweled Expansion Joint Assembly 273. . . . . . . . . . . . . . . . . . . . . . . . . . . .
Driers for Hot Bituminous Mixing Plants 112. . . . . . . . . . . . . . . . . . . . . . . .
Driveways 472. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Driving Piling 356. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Drop Inlet Gates 458. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Drop Inlets 458. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Drop-On Beads 494. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Drum-Dryer Mixing Plants 113. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Drums for Traffic Control 401. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Dry Footings, Placement of 315. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Ductile Iron Castings 563. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Dynamite 62. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

-- E --
Earthwork 131. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Edge Drains 450. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Electronic Bidding 21. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Electronic Bidding on Diskette 22. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Electronic Truck and Hopper Scales 106. . . . . . . . . . . . . . . . . . . . . . . . . . . .
Electronic Truck Scales 107. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Electronic Weigh System 106. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Eliminated Items 32. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Embankment 136. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Embankment Construction 141. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Emergency Control 411. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Emission Control for Hot Bituminous Mixing Plants 112. . . . . . . . . . . . . . .
Engineer, Authority of 45. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Environmental Protection 5, 88. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Epoxy Resin Adhesives 538. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Epoxy-Coated Reinforcing Steel 337. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Equipment

Aggregate Spreader 104. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Asphalt Transporter 114. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Bituminous Paver 103. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Concrete

Batching Plant 114. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Finishing Machine 121. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Hand Finishing Equipment 121. . . . . . . . . . . . . . . . . . . . . . . . . . . .
Mixers 116. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Saws 122. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Slipform Paving Equipment 119. . . . . . . . . . . . . . . . . . . . . . . . . . . .
Sprayer for Curing Compound 122. . . . . . . . . . . . . . . . . . . . . . . . .
Spreader 120. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Transporting Equipment 118. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Vibrator 120. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

General 99. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Grinding Machine 123. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Hauling Equipment 102. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Hydrodemolition 123. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Joint Seal 122. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Liquid Bitumen Distributor 103. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Milling Machine 113. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Roadbed Planer 120. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Rollers 99. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Scales 104. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Equipment -- Prestressed Beams 330. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Equipment for Underwater Placement 315. . . . . . . . . . . . . . . . . . . . . . . . . . .
Equipment Rental 83. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Equipment Requirements for Construction (see items)
General 99. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Hot Bituminous 111. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Portland Cement Concrete 114. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Equipment, Character of 42. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Erection of Sign Supports and Delineators 481. . . . . . . . . . . . . . . . . . . . . . .
Erection of Structural Steel 346. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Erection of Timber Structures 352. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Erosion Control 420. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Erosion Control Blanket 431, 572. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Erosion Controls 91. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Escrow of Bid Documentation 28. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Estimates, Progress and Partial 84. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Examination of Plans, Specifications, Special Provisions, and

Site of Work 19. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Excavation

Borrow 137. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Muck 137. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Rock 136. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Shale 136. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Excavation and Embankment 136. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Excavation for Culverts and Storm Drains 451. . . . . . . . . . . . . . . . . . . . . . .
Excavation for Structures 147. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Excavation for Timber Structures 352. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Excavation of Cofferdams 365. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Excavation, Channel 149. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Excavation, Class 149. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Excavation, Common 136. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Excavation, Structural 149. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Execution and Approval of Contract 27. . . . . . . . . . . . . . . . . . . . . . . . . . . .
Execution of Contract 26. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Existing Pipe Culverts, Plugging 134. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Existing Signs 405. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Expansion Joint, Bridges 325. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Expansion Joints (Structures) 325. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Expedite -- Generates Bidder’s Proposal 21. . . . . . . . . . . . . . . . . . . . . . . . .
Explosives, Use of 62. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Extension of Contract Time 73. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Extension of Pile 359. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Extra Compensation, Claim for 34. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

-- F --
Fabric Formed Slope Protection 435, 574. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Fabric Waterproofing 467. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Fabrication of Structural Steel 340. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Fabrication of Timber Structures 351. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Fabrication, Sign 479. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Failure to Complete on Time 76. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Failure to Execute Contract 28. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Falsework, Bridges 318. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Fastening Reinforcing Steel 337. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Feeders for Hot Bituminous Mixing Plants 112. . . . . . . . . . . . . . . . . . . . . . .
Fence 576. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Fence Posts 576. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Fencing -- Installation and Resetting 474. . . . . . . . . . . . . . . . . . . . . . . . . . . .
Fertilizer 422. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Fiber Matrix, Bonded 424, 430. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Field Laboratory 416. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Field Painting Structural Steel 372. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Fill Structural 147. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Filter Fabric (Riprap) 446. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Filter Fabric (Underdrains) 446. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Final Acceptance 47. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Final Clean Up 47. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Final Payment 87. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Final Testing of Bridge Decks 317. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Fine Aggregate for Concrete 539. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Fine Grading and Conditioning Roadbed, P.C.C. Pavement 268. . . . . . . . . .
Finishing Concrete

Bridge Deck Overlays 383. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Bridge Decks 316. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
P.C.C. Pavement 275. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Surface Finish (Structures) 325. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Finishing Equipment, Concrete, Hand 121. . . . . . . . . . . . . . . . . . . . . . . . . . .
Finishing Machines for Bridge Deck Overlays 121. . . . . . . . . . . . . . . . . . . .
Finishing, Excavation, and Embankment 144. . . . . . . . . . . . . . . . . . . . . . . . .
Flag Application 412. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Flagging 412. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Flashing Lights 408. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Flexible Plastic Gaskets 559. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Float Finish, Pavement 276. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Flow Rate Meter 112. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Fly Ash 531, 553. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Fog Coat 183. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Footings 315. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Force Account 82. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Form Paving 269. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Form Removal, P.C.C. Pavement 279. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Form, Proposal 18. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Forms for Concrete Bridges 319. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Forms, Side, for P.C.C. Pavement 119. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Formulas, Pile 355. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Foundation Fill 148. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Foundation Preparation 147, 149. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Foundations and Substructures 315. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Free Haul Distance 146. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Freight Rates 82. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Full Length Electronic Platform Scales 107. . . . . . . . . . . . . . . . . . . . . . . . . .

-- G --
Galvanizing 571. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Gates 476. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Geotextile Fabrics 445, 539,. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
575

Geotextile Separation Fabric 446. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Girders, Prestressed Concrete 328. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Glass Beads 494, 587. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Grass Hay Mulch 424. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Grass Mulch 429. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Grass Seed 421. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Grates, Drop Inlets 458. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Gravel Base, (see Aggregate Base) 163. . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Gray Iron Castings 563. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Grinding Machine 123. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Grinding, P.C.C. Pavement 282. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Grooved Pavement Markings 492. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Grouts and Mortar 537. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Grubbing 131. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Guaranty, Proposal 24. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Guardrail 506. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Guardrail and Posts 577. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Gutter, Curb and 469. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

-- H --
Hammers, Pile 357. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Hand Finishing Equipment 121. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Handling and Storing Aggregates 534. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Handling and Storing Cement or Fly Ash 533. . . . . . . . . . . . . . . . . . . . . . . .
Handling Structural Steel 346. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Hardware for Signs 607. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Hardware, Structural Timber 570. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Haul 143, 145. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Haul Roads 60. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Hauling Equipment 102. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Hay Mulch 429. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Hazardous Material 68. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Heat Numbers 567. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Heating Equipment for Bitumen 111. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
High Tensile Wire Strand and Bars 568. . . . . . . . . . . . . . . . . . . . . . . . . . . . .
High-Early-Strength Concrete 531. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
High-Level Warning Device 408. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Highway Signs 477. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Highway Signs and Posts 597. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Historic Preservation Responsibilities 56. . . . . . . . . . . . . . . . . . . . . . . . . . .
Holidays 13. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Holidays, Work on 74. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Hopper Scale Tests 107. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Hot Applied Joint Sealant 557. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Hot Bituminous Equipment 111. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Mixing Plants 111. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Hot Bituminous Pavement 202. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Hot Poured Joint Sealant Equipment 122. . . . . . . . . . . . . . . . . . . . . . . . . . . .
Hot Recycled Bituminous Pavement 193. . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Hydro-Mulch 424, 428. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Hydrodemolition Equipment 123. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

-- I --
Imprinting Concrete Pavement 277. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Incentive/Disincentive Provisions 77. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Increased or Decreased Quantities 31. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Increased Work 74. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Inert Waste Disposal 68. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Inlets 458. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Inlets, Adjustment of 460. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Inspection of Prestressed Beams 330. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Inspection of Work 45. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Inspector, Duties of 45. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Installation of Structural Plate Culverts 374. . . . . . . . . . . . . . . . . . . . . . . . . .
Insulation Board (Polystyrene) 468, 581. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Intent of Contract 29. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Intent to File a Claim 34. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Interpretation of Quantities in Bid Schedule 19. . . . . . . . . . . . . . . . . . . . . .
Irregular Proposals 23. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Issuance of Proposal Forms 19. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

-- J --
Joint and Crack Cleaning and Sealing Equipment 122. . . . . . . . . . . . . . . . . .
Joint Materials 556. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Joints 275. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Formed Contraction Joints 272. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Portland Cement Concrete Pavement 271. . . . . . . . . . . . . . . . . . . . . . . .
Sawing Joints 272. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Sealing Joints and Cracks, P.C.C. Pavement 279. . . . . . . . . . . . . . . . . . .
Spalled Joint Repair 272. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Transverse Construction, P.C.C. Pavement 274. . . . . . . . . . . . . . . . . . . .
Transverse Contraction, P.C.C. Pavement 272. . . . . . . . . . . . . . . . . . . . .
Transverse Expansion, P.C.C. Pavement 273. . . . . . . . . . . . . . . . . . . . .

Joints -- Concrete Bridges 324. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

-- L --
Laboratory, Field 416. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Laws to be Observed 54. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Laydown of Aggregate Base or Surface Course 164. . . . . . . . . . . . . . . . . . .
Lead Sheets and Plates 563. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Legal Relations and Responsibilities 54. . . . . . . . . . . . . . . . . . . . . . . . . . . .
Legal Rights, No Waiver of 47. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Letters, Numerals, Symbols, and Borders for Panel Signs 606. . . . . . . . . . .
Liability of Public Officials 64. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
License for Contractor 18. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Licenses 55. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Lighting Device Application 407. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Lime Treated Subgrade 156. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Lime-Fly Ash Treated Subgrade 156. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Limitation of Operations 73. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Limitations for Aggregate Base or Surface Course 165. . . . . . . . . . . . . . . . .
Liquid Bitumen Distributors 103. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Liquid Membrane Cure, P.C.C. Pavement 278. . . . . . . . . . . . . . . . . . . . . . . .
Liquid Membrane Curing Compound 538. . . . . . . . . . . . . . . . . . . . . . . . . . .
Liquidated Damages 76. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Loader Bucket Scales 108. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Local Mineral Aggregate Sources 49. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Longitudinal Construction Joints 275. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Longitudinal Weakened-Plane Joints 275. . . . . . . . . . . . . . . . . . . . . . . . . . . .
Loose Rock Riprap 434. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Lumber and Timber 570. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

-- M --
Mailbox Assemblies 512. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Mailed bids 24. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Maintenance of Aggregate Base or Surface Course 165. . . . . . . . . . . . . . . . .
Maintenance of Short-Term Pavement Markings 500. . . . . . . . . . . . . . . . . .
Maintenance of Traffic Control Devices 411. . . . . . . . . . . . . . . . . . . . . . . . .
Maintenance of Traffic During Suspension of Work 59. . . . . . . . . . . . . . . .
Malleable Castings 563. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Manholes, Adjustment of 460. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Manholes, Catch Basins, and Inlets 458. . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Marking Film, Plastic Pavement 587. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Marking Film, Preformed Plastic 589. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Marking of Structural Steel 345. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Marking, Construction Zone 409. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Marking, Pavement 490. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Masonry Units and Brick 571. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Material-Hauling Equipment 102. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Materials Acceptance 48. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Materials, Handling 52. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Measurement and Payment 79. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Measurement of Quantities 79. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Medium-Curing Cutback Asphalt 549. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Metal Pipe 560. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Metric System 88. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Milling Machine 113. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Milling Pavement Surface 253. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Mining/Blending Machine 111. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Miscellaneous Metal 562. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Mix Plants, Requirements for All 111. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Mixers, Concrete 116. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Mixing and Transporting Concrete 535. . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Mixing Concrete, Operational Limits for Concrete Bridges 323. . . . . . . . . .
Mobile Mixers, Concrete 118. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Mobilization 399. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Monument, Right of Way 456. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Monuments 457. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Monuments and Right of Way Markers 456. . . . . . . . . . . . . . . . . . . . . . . . . .
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Mortar and Grout 537. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Muck Excavation 137. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Mulching 424. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

-- N --
Notice of Intent to File a Claim 34. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Notice of Termination for Default 78. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Notice to Proceed 73. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Numerals for Panel Signs 606. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

-- O --
Obliteration of Pavement Marking 408. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Obliteration of Roadways 137. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Oils and Thinners, Paint 571. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Opening to Traffic 46. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Operational Limits, Concrete Bridges 323. . . . . . . . . . . . . . . . . . . . . . . . . . .
Operations, Limitations of 73. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Ordinary Backfill 148. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Overhaul 146. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Overhead Sign Structures 48, 615. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

-- P --
Paddles, Sign 403. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Paint, Pavement 581. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Painting 366. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Paints, Oils, and Thinners 571. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Paper Bid 22. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Parking of Equipment, Vehicles, and Stored Materials 60. . . . . . . . . . . . . .
Partial Acceptance 47. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Partial Payment 84. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Patented Devices, Materials, and Processes 56. . . . . . . . . . . . . . . . . . . . . . .
Pavement

Hot Bituminous 202. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Portland Cement Concrete 267. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Recycled Portland Cement Concrete Pavement 288. . . . . . . . . . . . . . . .

Pavement Marking 490. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Pavement Marking Obliteration 408. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Pavement Marking Paint 492, 494,. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

581
Pavement Marking Tolerances 496. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Pavement Markings 581. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Pavement Markings, Grooved 492. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Pavement Repair 291. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Pavers, Bituminous 103. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Payment for Material on Hand 86. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Penetrating Water Repellent 554. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Penetrating Water Repellent Treatment of Concrete Surfaces 326. . . . . . . . .
Permanent Metal Concrete Forms 320, 567. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Blended Base Course 169. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Permeable Stabilized Base Course 166. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Permits, Licenses, and Taxes 55. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Personal Liability of Public Officials 64. . . . . . . . . . . . . . . . . . . . . . . . . . . .
Pigmented Plastic Film, Pressure-Sensitive Adhesive 604. . . . . . . . . . . . . . .
Pile Driving 356. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Pile Hammers 357. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Piling 354, 569. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Pilot Car 403, 412,. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Pipe 560. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Pipe Removal 134. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Pit Operations 49. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Placing Concrete

Bridge 321. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Bridge Deck Overlays 383. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
P.C.C. Pavement 268. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Prestressed Beams 331. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Planers, Roadbed 120. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Plans and Work Drawings 44. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Plastic Film, Pigmented, Pressure-Sensitive Adhesive 604. . . . . . . . . . . . . .
Plastic Pavement Marking Film 492. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Plastic Pavement Marking Film (Retroreflective) 587. . . . . . . . . . . . . . . . . .
Plastic Pipe 561. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Platform Scales 105. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Plugging Existing Pipe Culverts 134. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Pneumatic-Tired Rollers 99. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Polyethylene Membrane, Black 467. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Polymer-Coated Corrugated Steel Pipe 561. . . . . . . . . . . . . . . . . . . . . . . . . .
Polystyrene 468. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Portable Barrier Application 407. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Portable Signs 403. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Portland Cement Concrete 529. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Portland Cement Concrete Pavement 267. . . . . . . . . . . . . . . . . . . . . . . . . . . .

Batching 268. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Curing 278. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Equipment 267. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Fine Grading and Conditioning Roadbed 268. . . . . . . . . . . . . . . . . . . . .
Finishing Concrete 275. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Formed Paving 269. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Handling and Storing Materials 268. . . . . . . . . . . . . . . . . . . . . . . . . . . .
Joints 271. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Materials 267. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Measuring and Dispensing Admixtures 268. . . . . . . . . . . . . . . . . . . . . .
Mixing and Transporting Concrete 268. . . . . . . . . . . . . . . . . . . . . . . . . .
Operational Limits 285. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Pavement Thickness and Reinforcing Steel 284. . . . . . . . . . . . . . . . . . .
Placing and Spreading Concrete 268. . . . . . . . . . . . . . . . . . . . . . . . . . . .
Placing Reinforcement 271. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Protection of Pavement 280. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Recycled 288. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Mixing 290. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Placing Concrete 290. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Processing Salvaged Concrete 289. . . . . . . . . . . . . . . . . . . . . . . . . .
Removal 289. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Stockpiling 288. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Removing Forms 279. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Sealing Joints and Cracks 279. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Slip Form Paving 269. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Tolerance in Surface and Ride Quality 281. . . . . . . . . . . . . . . . . . . . . . .

Portland Cement Concrete Pavement Repair 291. . . . . . . . . . . . . . . . . . . . . .
Portland Cement, Air-Entraining 531. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Posts and Hardware for Signs 607. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Posts, Delineator 612. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Posts, Fence 576. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Posts, Guardrail 579. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Posttensioning Prestressed Beams 332. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Precast Concrete Curbing 470. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Precast Concrete Masonry Units 459. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Precast Reinforced Concrete Box Culverts 333. . . . . . . . . . . . . . . . . . . . . . .
Precast Reinforced Concrete Manhole Sections 560. . . . . . . . . . . . . . . . . . .
Precast Reinforced Concrete Pipe Manholes, Inlets, and Catch Basins 459. .
Preconstruction Conference 69. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Preformed Elastomeric Compression Joint Seal Equipment 122. . . . . . . . . .
Preformed Elastomeric Compression Joint Seal for Concrete 559. . . . . . . . .
Preformed Expansion Joint Filler for Concrete (Bituminous Type) 559. . . .
Preformed Expansion Joint Fillers for Structural Construction 559. . . . . . . .
Preformed Pattered Pavement Marking Film 492. . . . . . . . . . . . . . . . . . . . . .
Pre-Haul Inspection 61. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Preparation of Bid Schedule 22. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Preparation of Proposals 20. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Preparation of Stockpile Sites for Recycled P.C.C. Pavement 288. . . . . . . . .
Prequalification of Bidders 18. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Preservatives and Pressure Treatment Processes for Timber 570. . . . . . . . . .
Prestressed Concrete Beams 328. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Pretensioning Prestressed Beams 332. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Prime Coat 183. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Primer for Dampproofing and Waterproofing 555. . . . . . . . . . . . . . . . . . . . .
Privately-Owned Deposits 51. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Proceed, Notice to 73. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Processing Recycled P.C.C. Pavement 289. . . . . . . . . . . . . . . . . . . . . . . . . . .
Progress and Prosecution 69. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Progress Schedule 70. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Property Damage Insurance 66. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Property, Protection and Restoration 63. . . . . . . . . . . . . . . . . . . . . . . . . . . .
Proposal Form 18, 21. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Proposal Guaranty 24. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Proposal Issuance 19. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Proposal Preparation 20. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Proposal, Delivery 24. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Proposal, Revision 24. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Proposal, Withdrawal 24. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Proposals, Combination 21. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Proposals, Consideration of 26. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Proposals, Irregular 23. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Proposals, Public Opening of 25. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Prosecution and Progress 69. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Protection and Restoration of the Property 63. . . . . . . . . . . . . . . . . . . . . . .
Protection of P.C.C. Pavement 280. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Protection of Reinforcing Steel 336. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Public Liability and Property Damage Insurance 66. . . . . . . . . . . . . . . . . .
Public Officials, Personal Liability of 64. . . . . . . . . . . . . . . . . . . . . . . . . . .
Public Opening of Proposals 25. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

-- Q --
Qualified Laboratories and Testing Personnel 54. . . . . . . . . . . . . . . . . . . . .
Quality Control of Aggregate Base or Surface Course 163. . . . . . . . . . . . . .

-- R --
Railing, Bridge 364. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Railway Highway Provisions 64. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Raised Pavement Markers 498, 594. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Rapid-Curing Cutback Asphalt (type) 549. . . . . . . . . . . . . . . . . . . . . . . . . . .
Ready-Mixed Concrete 536. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Recompact Roadbed 138. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Recycled Bituminous Pavement 193. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Recycled Portland Cement Concrete Pavement 288. . . . . . . . . . . . . . . . . . . .

See also Portland Cement Concrete Pavement
Recycling Agent 553. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Reflective Pressure-Sensitive Pavement Marking Sheeting 498. . . . . . . . . .
Reflective Sheeting 598. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Reflective Sheeting for Delineators 612. . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Reinforced Concrete Box Culverts, Precast 333. . . . . . . . . . . . . . . . . . . . . . .
Reinforced Concrete Pipe 449. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Reinforcing Steel 336, 567. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Reinforcing Steel, P.C.C. Pavement 271. . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Relaying Culvert Pipe 452. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Removal of Bridges and Box Culverts 133. . . . . . . . . . . . . . . . . . . . . . . . . . .
Removal of Cofferdams 366. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Removal of Guardrail 509. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Removal of P.C.C. Pavement 289. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Removal of Pavement, Sidewalks, Curbs, etc. 134. . . . . . . . . . . . . . . . . . . . .
Removal of Pipe Culverts 134. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Removal of Structures, Obstructions, Surfacing, and

Miscellaneous Items 133. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Removal of Unauthorized and Unacceptable Work 43. . . . . . . . . . . . . . . . .
Remove and Salvage Bituminous Pavement 191. . . . . . . . . . . . . . . . . . . . . .
Remove Signs and Supports 486. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Removing Concrete Pavement 289. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Request for Additional Time 75. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Requirement of Contract Bond 27. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Reset Box Beam Guardrail 510. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Reset Cable Guardrail 509. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Reset Signs and Supports 486. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Reset W-Beam Guardrail 509. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Resetting Fences 476. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Reshaping Inslopes 152. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Reshaping Roadway 152. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Reshaping Roadway and Subgrade Preparation 151. . . . . . . . . . . . . . . . . . .
Responsibility for Damage Claims 63. . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Restore Stockpile Site 289. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Restricted Speed Zones 405. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Retroreflective Sheeting Materials 598. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Return of Proposal Guaranty 27. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Revision of Proposals 24. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Riding Quality of P.C.C. Pavement 282. . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Right of Way Marker 456. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Right of Way Markers 457. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Right of Way Monument 456. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Right of Way, Furnishing 48. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Rights in and Use of Material Found on the Work 53. . . . . . . . . . . . . . . . .
Rigid Pavement 267. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Riprap and Aggregate Cushion 433. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Roadbed Planers 120. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Roads, Haul 60. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Roadway Finishing 144. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Roadway Obliteration 137. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Roadway Reshaping 151. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Rock Excavation 136. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Rock Subcut 137. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Rolled Copper Alloy Bearings and Expansion Plates 563. . . . . . . . . . . . . . .
Rollers 99. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Route Markers 405. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Rubber Gaskets 559. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Rubberized Cutback Asphalt 549. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Rumble Strips 278. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

-- S --
Safety, Public 59. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Salvage Bituminous Pavement 191. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Salvaged Base Course 163, 545. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Salvaged Base Course, Aggregate Base Course, or

Aggregate Surface Course 163. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Salvaged Material Stockpiles 52. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Salvaging Timber for Reuse 353. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Salvaging, Stockpiling, and Spreading Topsoil 138. . . . . . . . . . . . . . . . . . . .
Samples, Tests, Cited Specifications 52. . . . . . . . . . . . . . . . . . . . . . . . . . . .
Sampling and Testing for Highway Signs 614. . . . . . . . . . . . . . . . . . . . . . . .
Sampling and Testing Prestressed Beams 329. . . . . . . . . . . . . . . . . . . . . . . .
Sampling Devices for Mixing Plants 113. . . . . . . . . . . . . . . . . . . . . . . . . . . .
SawConcrete 122. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Sawing Joints 272. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Scale Tests 105. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Scales 104. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Belt Scales 108. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Electronic 106. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Hopper Scale Tests 107. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Hopper Scales 107. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Plant, Concrete Batch 114. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Platform 105. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Tests 105. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Truck 105. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Scales, Platform 105. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Scarify Roadbed 138. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Scope of Payment 82. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Scope of Work 29. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Screeds for Concrete Work 121. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Seal Aggregate 543. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Seal Aggregate Spreader 104. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Seal Coat, Bituminous 255. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Seal Concrete, Foundation 366. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Sealant, Silicone 279. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Sealing Joints and Cracks, P.C.C. Pavement 279. . . . . . . . . . . . . . . . . . . . . .
Seed Classes 421. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Seeding 420, 425. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Seeding, Sodding, and Mulching 420. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Select Backfill 148. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Self-Propelled Pneumatic-Tired Rollers 99. . . . . . . . . . . . . . . . . . . . . . . . .
Separation Fabric 446. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Setting Forms, P.C.C. Pavement 269. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Sewer Lines 461. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Shale Excavation 136. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Sheet Pile 361. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Sheet Piling, Steel 569. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Sheeting Materials, Retroreflective 598. . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Shipping of Structural Steel 345. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Shop Drawings -- Structural Steel 339. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Shop Inspection -- Structural Steel 340. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Shop Painting Structural Steel 370. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Shop Welding of Structural Steel 345. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Short-Term Pavement Marking 591. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Short-Term Pavement Marking 494, 496. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Short-Term Pavement Marking -- Seal Coat Projects 495. . . . . . . . . . . . . . . .
Shoulder Preparation 152. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Side Forms, Concrete 119. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Sidewalks and Driveways 472. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Sidewalks, Removal 134. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Sign Backing Material 597. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Sign Fabrication 479. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Sign Letters 606. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Sign Paddles 403. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Sign Posts 609. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Sign Supports, Erection of 481. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Signs and Posts 597. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Signs, Hardware for 607. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Signs, Highway 477. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Silicone Sealant 279. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Silicone Sealant Equipment 122. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Silt Fence 438. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Single Tubular Sign Supports 482. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Site of Work, Examination of 19. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Sleeves for Dowel Bars 568. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Slip Form Paving Equipment 119. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Vibrating Monitoring System 120. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Vibrators 119. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Slip Form Paving for P.C.C. Pavement 269. . . . . . . . . . . . . . . . . . . . . . . . . .
Slipforming of Barriers 318. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Slope Protection, Fabric 435. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Slow-Curing Cutback Asphalt 553. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Slump Tests on Concrete 532. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Smooth Wall Steel Pipe Culvert 453, 560. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Smooth-Faced Steel-Wheel Roller 100. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Sodding 423, 427. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Special Bypasses 59. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Special Emergency Terminating Contract 78. . . . . . . . . . . . . . . . . . . . . . . .
Special Provision Requirements 529. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Specification or Special Provision Requirements 529. . . . . . . . . . . . . . . . . .
Speed Zones, Restricted 405. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Sprayers for Liquid Curing Compound 122. . . . . . . . . . . . . . . . . . . . . . . . . .
Spreader, Aggregate 104. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Spreaders, Concrete 120. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Spreading Concrete, Paving 268. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Spreading Topsoil 138. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Square Steel Telescoping Tubular Posts 609. . . . . . . . . . . . . . . . . . . . . . . . .
Stabilized Base 163. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Stabilized Subgrade 155. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Staking, Construction 45. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Stamping Concrete Pavement 277. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Staples for Erosion Control Fabrics 574. . . . . . . . . . . . . . . . . . . . . . . . . . . . .
State Controlled Pits 49. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
State Project, Contractor’s License for 18. . . . . . . . . . . . . . . . . . . . . . . . . .
Stationary Mixers, Concrete 116. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Steel (Galvanized) Posts and Accessories 609. . . . . . . . . . . . . . . . . . . . . . . .
Steel and Corrugated Steel Sheet Piles 361. . . . . . . . . . . . . . . . . . . . . . . . . .
Steel Guardrail Post 580. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Steel Piling 569. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Steel Pipe, Polymer-Coated Corrugated 561. . . . . . . . . . . . . . . . . . . . . . . . . .
Steel Posts 611. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Steel-Encased Concrete Pile 361. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Steel-Wheeled Rollers 100. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Stockpile Site, Restore 289. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Stockpiled Hot Bituminous Mix 189. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Stockpiling Aggregate and Salvaged Materials 52. . . . . . . . . . . . . . . . . . . .
Stockpiling Recycled P.C.C. Pavement 288. . . . . . . . . . . . . . . . . . . . . . . . . .
Stockpiling Topsoil 138. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Stone for Riprap 433. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Storage of Materials 52. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Storage of Prestressed Beams 333. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Storing Aggregate 534. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Storing Cement or Fly Ash 533. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Storing Structural Steel 346. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Storm Drains 451. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Straightedges, Concrete 122. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Straightedging, Pavement 276. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Straightening Structural Steel 347. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Strands for Prestressed Beams 329. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Straw Mulch 424, 429. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Strength Tests on Concrete 533. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Stripe, Temporary 492. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Striping Tolerances 496. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Striping, Pavement 490. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Structural Excavation 147, 149. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Structural Excavation, Structural Fill, and Foundation Preparation 147. . . .
Structural Fill 147, 148,. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Structural Plate Culverts 373. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Structural Plate for Pipe, Pipe Arches, and Arches 560. . . . . . . . . . . . . . . . .
Structural Steel 338, 344. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Erection 346. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Fabrication 340. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Field Welding 347. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Inspection, Shop 340. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Shop Detail Drawings 339. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Shop Welding 345. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Structural Steel and Related Materials 562. . . . . . . . . . . . . . . . . . . . . . . . . . .
Structural Timber, Lumber, and Hardware 570. . . . . . . . . . . . . . . . . . . . . . .
Structure Removal 133. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Subcut, Scarify, and Recompact Roadbed 138. . . . . . . . . . . . . . . . . . . . . . . .
Subgrade Preparation 152. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Subgrade, Stabilized 155. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Subletting of Contract 29. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Submission of the Claim 34. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Substructures for Bridges 315. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Superintendent 39. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Superstructure for Bridges 316. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Surface Aggregate 543. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Surface Course, Aggregate 163. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

See also Aggregate Base or Surface Course
Surface Finish for Bridges 325. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Surface Tolerance

Aggregate Base or Surface Course 164. . . . . . . . . . . . . . . . . . . . . . . . . .
P.C.C. Pavement 281. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Surge Bins 113. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Surplus Material, Disposal of 138. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Symbols for Panel Signs 606. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Tack Coat 183. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Taxes 55. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Temporary Bypass 448. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Temporary Cover Crop 422. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Temporary Stripe 492. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Temporary Suspension of Work 45. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Terminal Signing 404. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Termination for Default, Notice of 78. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Termination of Contract 78. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Test of Samples 52. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Test Piles 354. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Tests on Concrete 532. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Thermometric Equipment 112. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Thinners 571. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Tie Bars 275, 568. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Timber and Lumber 570. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Timber Connectors 570. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Timber Piling 569. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Timber Preservatives 570. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Timber Structures 350. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Time Charges 75. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Tolerance in Surface and Ride Quality 281. . . . . . . . . . . . . . . . . . . . . . . . . .
Tolerance in Thickness of P.C.C. Pavement 284. . . . . . . . . . . . . . . . . . . . . . .
Tolerance of Reinforcing Steel in P.C.C. Pavement 285. . . . . . . . . . . . . . . . .
Tolerances

Ride 281. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Thickness 284. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Topsoil Removal 131. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Topsoil, Borrow Area 139. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Topsoil, Salvaging, Stockpiling, and Spreading 138. . . . . . . . . . . . . . . . . . .
Total Sum Bid 22. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Tow-Type Pneumatic-Tired Rollers 99. . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Traffic Cone and Tubular Marker Application 406. . . . . . . . . . . . . . . . . . . . .
Traffic Cones 401. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Traffic Control Personnel 409. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Traffic Maintenance 144. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Traffic Service Gravel 144. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Transit Mixed Concrete 536. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Transporting Equipment, Asphalt 114. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Transporting Equipment, Concrete 118. . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Transporting Prestressed Beams 333. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Transverse Construction Joints 274. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Transverse Contraction Joints 272. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Transverse Expansion Joints 273. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Transverse Finishing Machines for P.C.C. Pavement 121. . . . . . . . . . . . . . .
Treated Timber 570. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Tree Removal 131. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Tremie, Use of 321. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Trimmer 120. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Truck Mixers, Concrete 117. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Truck Scales 105. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Truck-Mixed Concrete 536. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Trucks, Water 102. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Tubular Sign Supports, Single 482. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Turf Reinforcement Mat 431, 572,. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

573

-- U --
Unacceptable Material 52. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Unauthorized Work, Removal of 43. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Underdrains 450, 453. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Underwater Placement, Concrete 315. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Uniformity Tests on Concrete 532. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Unsatisfactory Progress 77. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Unsuitable Material, Disposal of 138. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Use of Explosives 62. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Use of Material Found on the Work 53. . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Utilities, Cooperation With 40. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

-- V --
Value Engineering Incentive 37. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Vertical Panel Application 407. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Vertical Panels 401. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Vibration (Concrete Structures) 322. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Vibrators 120. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Vibratory Rollers 101. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

-- W --
Waivers, Prestressed Beam 330. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Walls, Concrete Placement 316. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Warning Lights 402. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Water 150, 539. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Aggregate Base or Surface Course 164. . . . . . . . . . . . . . . . . . . . . . . . . .
Water Based Paint 584. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Water Content for Concrete 529. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Water Lines 461. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Water Mains, Water Lines, and Sewer Lines 461. . . . . . . . . . . . . . . . . . . . . .
Water Permit 55. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Water Pipe 561. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Water Repellent Treatment of Concrete Surfaces 326. . . . . . . . . . . . . . . . . .
Water Repellent, Penetrating 554. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Water Trucks 102. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Water-Hauling Equipment 102. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Waterproofing 466, 555. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
W-Beam Guardrail 508, 578. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Weekly Statement of Time Charges 75. . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Weighing Equipment for Concrete 114. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Weight Per Cubic Foot Test on Concrete 532. . . . . . . . . . . . . . . . . . . . . . . . .
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Welded Deformed Steel Wire Fabric 568. . . . . . . . . . . . . . . . . . . . . . . . . . . .
Welded Steel Wire Fabric 568. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Welders, Qualification of 345. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Wetted Fabric Cure, P.C.C. Pavement 278. . . . . . . . . . . . . . . . . . . . . . . . . . .
Winter Suspension 59. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Wire Cable Guardrail 508. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Wire Fences and Gates 476. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Wire Mesh Riprap 434. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Wire Strand, High Tensile 568. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Wire, Barbed 476. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Wires 568. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Withdrawal or Revision of Proposals 24. . . . . . . . . . . . . . . . . . . . . . . . . . . .
Witness Post 456. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Wood Fence Posts 475. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Wood Guardrail Posts 506, 579. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Wood Preservative Treatments 570. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Work Area Signing 404. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Work Drawings 44. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Workers, Character of 42. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Working Day Contracts 74. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Woven Cotton Fabric 556. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Woven Wire Fence 476. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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