SECTION 603

DIVISION 600 -- INCIDENTAL CONSTRUCTION
SECTION 603 -- CULVERTS AND STORM DRAINS
Description

1.1 This work shall consist of furnishing and installing, or removing and relaying, pipes, pipe end sections, pipe sleeves,
and post installation video inspection at the locations shown or ordered, including the necessary joints, fittings, and connections
as required. Common structure excavation to the depth specified in 206.4.1, secondary excavation required in the imperfect
trench method, bedding, shaping of bedding, and backfill shall be included in this work.

Materials

2.1  Reinforced Concrete Pipe, Circular.

2.1.1  This pipe shall conform to the requirements of AASHTO M 170 (AASHTO M 170M), except as follows: When
fly-ash is used, only Class F, in accordance with AASHTO M 295 will be allowed. Wall A thickness will be allowed in Class
I11 pipe only. When the plans call for reinforced concrete pipe capable of withstanding an ultimate load greater than 3750 D
(175 kPa), the design requirements of Class V shall be met with further provision that the pipe will withstand the ultimate D-
load specified.

2.1.2 Basis of acceptance of concrete pipe shall conform to AASHTO M 170 (AASHTO M 170M), Section 5.1.1. Test
requirements shall be as provided in Section 11 with the further provision that the pipe will withstand an additional ten percent
of the D-load specified or brought to destruction. Permissible variation in pipe tolerances shall conform to AASHTO M 170
(AASHTO M 170M), Section 12.

2.1.3  Workmanship and finish shall conform to AASHTO M 170 (AASHTO M 170M), Section 12. Pipe shall be
subject to rejection on account of failure to conform to any of the specification requirements of AASHTO M 170 (AASHTO
M 170M), Section 15. Individual sections of pipe may be rejected for the following reasons:

€)] Fracture or cracks passing through the wall, except for a single end crack that does not exceed the depth of a joint.
(b) Defects that indicate imperfect proportioning, mixing, and molding.

(© Surface defects indicating honey-combed or open texture.

(d) Damaged or cracked ends where such damage would prevent making a satisfactory joint.

(e Any continuous crack having a surface width of 0.01 in. (0.3 mm) or more and extending for a length of 12 in.

(300 mm) or more, regardless of position in the wall of the pipe.
(j)] The exposure of any steel in the barrel or the outside of the pipe indicating the displacement of reinforcement.

Steel exposed at the ends will not be cause for rejection if a satisfactory joint can be made.

Table 1 - Minimum Strength Requirements — English (Metric)

D Load to produce the AASHTO
i D Load to produce a 0.01 crack L
ultimate load Designation
(0.3 mm crack (kPa))
= Class (kPa) Class
1500D  (75) 1000D (50) I
2000D (100) 1350D (65) 1]
3000D (150) 2000D (100) v
3750D (175) 3000D (140) \%

4000D  (200)

2.1.4 Markings on pipe shall conform to AASHTO M 170 (AASHTO M 170M), Section 16 with the following
information clearly marked on each section of pipe.
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SECTION 603

@ The pipe class and specification designation

(b) The date of manufacture

(© The name or trademark of the manufacturer

(d) Identification of the plant

2.1.5 Concrete pipe shall be joined by using flexible water tight gaskets conforming to AASHTO M 198.
2.2 Corrugated Metal Pipes and Pipe-Arches--Steel or Aluminum.

2.2.1 Except as provided below, steel pipes and pipe-arches shall conform to AASHTO M 36/M 36M, Type | or 1, and
aluminum pipes and pipe-arches shall conform to AASHTO M 196/M 196M, Type | or II.

2211 To facilitate field jointing, the ends of individual pipe sections shall meet the requirements of Section 7.7.1 of
AASHTO M 36/M 36M and Section 7.5.1 of AASHTO M 196.

2.2.1.2 Section 9.1.3 of AASHTO M 36/M 36M and Section 9.1.5 of AASHTO M 196 do not apply.
2.2.2  The specified thickness in the case of steel and the nominal thickness in the case of aluminum shall be as shown
on the plans. The minimum thickness of steel culvert sheets shall meet the requirements of AASHTO M 218 and the minimum

thickness of aluminum culvert sheets shall meet the requirements of AASHTO M 197/M 197M.

Table 2 - Thickness and Equivalent Gauges -English (Metric)

Steel Aluminum
Thickness, in. (mm)* Sheet Gauge Number
“Specified” “Specified”
0.064 (1.63) 0.060 (1.52) 16
0.079 (2.01) 0.075 (1.91) 14
0.109 (2.77) 0.105 (2.67) 12
0.138 (3.51) 0.135 (3.43) 10
0.168 (4.27) 0.164 (4.17) 8

*Thickness measured on tangent of corrugation.
2.2.3 Strutted pipes shall be furnished 5 percent elongated, when specified.
2.3 Pipe Sleeve.

2.3.1 Pipe sleeves for electrical conduit shall be as specified in 614. Other pipe sleeves shall meet the load bearing
requirement as well as special design considerations.

2.3.2  Steel pipe for pipe sleeve, bored, shall conform to ASTM A 53, with joints welded.
2.4  Pipe for Slope Drainage.

2.4.1 Manufacturers of corrugated polyethylene pipe for slope drain must participate in, and maintain compliance with,
the AASHTO National Transportation Product Evaluation Program (www.ntpep.org) that audits producers of plastic pipe.
Corrugated polyethylene pipe for slope drain shall conform to the requirements of AASHTO M294, Type C.

24.1.1 The pipe coupler for polyethylene pipe shall consist of a plastic coupler and 2 stainless steel bands installed
on the exterior corrugations. Slope pipe coupling bands shall engage a minimum of two full corrugations of each pipe section
being joined, shall be reinforced with a minimum of three high-strength nylon ties, and in all other respects shall meet the
criteria for the “Downdrain Joint” category of Section 26 of the AASHTO LRFD Bridge Construction Specifications.
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2.4.2 Corrugated aluminized steel pipe for slope drain, when specified, shall meet the requirements of 2.2. The
thickness shall meet the requirements of Table 3.

2.4.3 When the type of pipe material is not specified in the item description either Polyethylene pipe or aluminized
steel pipe shall be furnished.

2.5  Pipe for Drives and Minor Approaches
2.5.1 It shall be the Contractor's option to furnish reinforced concrete pipe, corrugated aluminized steel pipe or
corrugated aluminum pipe, unless otherwise specified, for pipe for drives and minor approaches. Reinforced concrete pipe
shall meet the requirements of 2.1. Corrugated pipe shall meet the requirements of 2.2. The strength or thickness shall meet
the requirements of Table 3.

Table 3 - Required Strength of Culvert Pipes

Thickness, in. (mm)

. . Strength “Specified” “Nominal”
Material Diameter .
Concrete Steel Aluminum
Reinforced All 2000 D (100 kPa)
Concrete
Corrugated Metal 127-18”(300-450mm) 0.064 (1.626) 0.060 (1.524)
247-30”(600-750mm) 36” 0.079 (2.007) 0.075 (1.905)
(900 mm) 0.109 (2.769) 0.105 (2.667)
2.6 End Sections.
2.6.1 Metal End Sections.
26.1.1 Steel end sections shall be galvanized, sheet or corrugated as required, conforming to the requirements of

AASHTO M 36/M 36M insofar as that specification applies. Aluminum end sections shall conform to the pertinent provisions
of AASHTO M 196/M 196M and to the requirements shown on the plans. Sections shall be fabricated of the thickness of
metal shown on the plans. When the item calls for metal end sections, either steel or aluminum shall be furnished, matching
the pipe furnished.

2.6.1.1.1 Aluminized steel end sections shall be aluminum-coated (Type 2) conforming to the requirements of AASHTO
M 36.

2.6.1.2 Galvanized bolts may be used for the assembly of end sections where more than one piece is used to form the
skirt. Bolts shall conform to ASTM A 325/A 325M.

2.6.2 Concrete End Sections.

26.2.1 Concrete end sections shall be reinforced concrete conforming to the pertinent provisions of 2.1 and to the
requirements shown on the plans. Where a single cage of reinforcement is shown on the plans, sufficient steel shall be
incorporated to maintain the integrity of the piece. Unless a different class is specified, end sections conforming to Class IlI
minimum strength pipe shall be furnished.

2.6.3 Corrugated polyethylene pipe end sections shall meet the materials requirements of AASHTO M 294.

2.7  Granular backfill shall conform to the requirements of 209.
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2.8 Cement mortar shall conform to the requirements of 707.
2.9  Plastic Pipe

2.9.1 Manufacturers of Corrugated Polyethylene pipe must participate in and maintain compliance with, the AASHTO
National Transportation Product Evaluation Program (www.ntpep.org) that audits producers of Corrugated Polyethylene pipe.
A certificate of compliance, as required by 106.04 shall be provided for each shipment.

2.9.2 Corrugated Polyethylene pipe shall conform to the requirements of AASHTO M 294, Type S, or Type C as
specified on the plans.

2.9.3 Polyvinyl chloride (PVC) profile wall pipe shall conform to the requirements of AASHTO M 304. PVC pipe
shall not be used in applications where it will be exposed to long term ultraviolet light without approved protection for the
exposed area.

2.9.4 Basis of acceptance and test requirements of plastic pipe shall conform to AASHTO M 294 or AASHTO M 304
for the respective type of pipe.

2.9.5 Only soil tight pipefittings supplied or recommended by the manufacturer shall be used.

2.9.6  When the item description calls for Plastic Pipe (pipe material is not specified) either polyethylene or PVC shall
be furnished and shall meet the requirements of 2.9.

2.10 Unsuitable material for bedding and backfilling pipes is either organic or one that cannot be placed to meet the
required compaction or bearing capacity, with the effort normally required for this work. This definition shall only apply in
cases where material properties, compaction or bearing requirements are not otherwise specified in the Contract documents.

2.11 Concrete class F, flowable fill may be requested in writing as a substitute for backfill material. Approval in the form
of a supplementary agreement shall be in consideration of, but not limited to, differential frost heaving due to dissimilar
materials, unit weight, structural requirements, lack of permeability, and damming resulting from water flow cut off.

2.12 Drainage Pipe
2.12.1 When the Item calls for Drainage Pipe (pipe material is not specified) either concrete pipe 2000 D (100 kPa),
metal pipe or plastic pipe for drainage pipe shall be furnished. Reinforced concrete pipe shall meet the requirements of 2.1.
Metal pipe shall meet the requirements of 2.2. Plastic pipe shall meet the requirements of 2.9.
Construction Requirements

3.1 General.

3.1.1 Steam-cured or water-cured reinforced concrete pipe may be delivered to the project after 7 days from date of
manufacture.

3.1.2 Do not lay or embed pipe in standing or running water. The Contractor shall provide for the temporary diversion
of water in order to permit the installation of the culvert in a reasonably dry trench unless otherwise permitted. At all times
prevent runoff and surface water from entering the trench.

3121 When groundwater is present in the work area, dewater to maintain stability on in-place and imported
materials and maintain water level below pipe bedding and foundation. Maintain control of water in trench before, during and
after pipe installation, and until embedment is installed and sufficient backfill has been placed to prevent flotation of the pipe.

3.1.3 Figure 1 has been made a part of these specifications for clarification.

3.1.4  Where soft or other unsuitable material is encountered, all of such unsuitable material, for the depth and width
specified, shall be removed as shown in Figure 1-D.
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3.1.5 Where bedrock or other incompressible material is encountered, it shall be removed as shown in Figure 1-C.

3.1.6  Material meeting the requirements of granular backfill or other approved material shall be used to backfill the
spaces left by the excavation of material removed in accordance with 3.1.4 and 3.1.5. The material shall be uniformly
compacted.

3.1.7 The width of trenches shall be held to a minimum consistent with the space required to permit satisfactory
jointing and thorough tamping of the bedding material under and around the pipe. Trenching below the top of the pipe shall be
kept to a maximum of three times the diameter of the pipe. The width of the trench above the pipe may be at the Contractor's
option as shown in Figure 1-B.

3171 For plastic pipe the minimum trench width shall be the greater of either the pipe outside diameter plus 16 in.
(400 mm) or the pipe outside diameter times 1.25, plus 12 in. (300 mm).

3.1.8  The pipe shall be placed at the designated location on a prepared foundation so that the flow line of the pipe will
conform to the required grade.

3.1.9 Where the top of the pipe would lie above the natural ground, sufficient compacted fill shall be constructed at
pipe locations to ensure that the pipe is placed in a trench equal in depth to at least the height of the pipe. The fill shall be
constructed on each side of the pipe for a distance equal to at least 5 times the diameter of the pipe. Refer to Figure 1-A.

3.2 Bedding.

3.2.1 Bedding for pipes less than 48 in. (1200 mm) in diameter or span shall consist of preparing and shaping the
bottom of the trench to fit the lower 10 percent of the external height of the pipe with reasonable closeness and with uniform
density and stability. Recesses shall be excavated for the bells of pipe.

3.2.2 Bedding for all pipes 48 in. (1200 mm) or more in diameter or span shall consist of bedding the pipe on a
carefully prepared bed of material meeting the requirements of granular backfill (sand), pre-shaped by means of a template to
fit the lower part of the pipe exterior for at least 15 percent of its external height.
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3.3 Laying and Joining Pipe.

3.3.1 Proper facilities shall be provided for lowering the sections of pipe into the trench. Each section shall be securely
attached to the adjoining section by the approved method for the type of joint used.

3.3.2 Elliptical pipe shall be so placed that major axes are within 5 degrees of the appropriate horizontal or vertical
planes.

3.3.3  Joint seals for concrete pipe shall be joined in accordance with the manufacturer's recommendations.

3.3.3.1 The pipe ends shall be thoroughly cleaned before the joint is made. When it is necessary to shorten a length
of reinforced concrete pipe, the pipe shall be sawed neatly using a masonry saw. The method of joining pipe sections shall be
such that the ends are fully entered and the inner surfaces are reasonably flush and even.

3.3.4  Sections of corrugated metal pipe shall be joined by enclosing joints with coupling bands of the same material as
the pipe unless otherwise permitted.

3.3.5 Joints between dissimilar pipes shall be made in accordance with the recommendations of the pipe manufacturer.

3.3.6  Surfaces of aluminum pipe or aluminized steel pipe that are to be in contact with concrete, stone, or masonry shall
be thoroughly coated with an approved zinc rich primer or other approved coating, which shall be allowed to dry before the
pipe is installed.

3.3.7  Anchor bolts shall be installed as shown on the plans on steel pipes and pipe-arches 48 in. (1.2 m) and higher.

3.3.8 The pipe coupler for pipe for slope drainage shall be installed in accordance with manufacturer’s
recommendations.
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3.4  End Sections.
3.4.1 End sections shall be installed in accordance with the recommendations of the manufacturer or as directed.

3.4.2 Necessary excavation shall be made to the required depth and contour for the section. Where ledge is
encountered, the trench shall be excavated 8 in. (200 mm) below the bottom of the end section and the area refilled to grade
with suitable material, thoroughly tamped and carefully shaped.

3.4.3 Connections between concrete end sections and pipe culverts shall be by standard tongue and groove, bell and
spigot or as ordered.

3.5  Backfilling.

351 All backfill material adjacent to a pipe shall be suitable native material from the pipe excavation, or approved
material. Backfill material shall be managed so that it is free from hard lumps, clods, or rocks larger than 3 in. (75 mm)
diameter and free of stumps and organic material.  Uniformly fine material shall be placed next to any pipe susceptible to
damage.

3.5.2 All backfill material shall be compacted at near optimum moisture content, in layers not exceeding 6 in. (150
mm)in compacted thickness, by pneumatic tampers, vibratory compactors, or other approved means. Care shall be exercised to
compact the backfill thoroughly under the haunches of the pipe and to ensure that the compacted backfill material is in direct
contact with the sides of the pipe. Fill at the sides of the pipe may be compacted by rolling or operating heavy equipment
parallel with the culvert, provided care is taken to avoid displacement of or damage to the pipe. All backfill material shall be
compacted to not less than 95 percent of AASHTO T 99, Method A.

3.5.3 The Contractor shall place an adequate protecting cover of earth or other approved material over the structure
before allowing equipment or traffic to pass over it.

35.3.1 For plastic pipe the minimum cover shall be 3 ft. (1 m).
3.6  Imperfect trench.

3.6.1 When the proposed fill will be 20 ft. (6 m) or more above the top of the pipe, the pipe shall be bedded, installed,
and backfilled as specified, and the fill carried to a height above the pipe of at least equal to the external diameter of the pipe,
plus 1 ft. (300 mm) and thoroughly compacted in accordance with 3.5.2.

3.6.2 A trench equal in width to the external diameter shall then be constructed in the new fill directly over the pipe
down to an elevation 1 ft. (300 mm) above the top of the pipe as shown in Figure 1-E. Extreme care shall be exercised to keep
the sides of this trench as nearly vertical as possible.

3.6.3 This trench shall then be refilled with soil material deposited as loosely as possible. This material shall not be
compacted before the embankment is constructed above it.

3.7  Workmanship. Any pipe which is not true to alignment and grade or which shows any undue settlement or
deflection after laying or is damaged shall be removed and re-laid or replaced without extra compensation.

3.7.1 Video Inspection. One hundred (100) percent of each class and type of pipe specified, up to and including 36-
inch diameter shall be subjected to internal video inspection not less than thirty (30) days after the backfill has been placed to
subgrade level unless otherwise approved by the Engineer. The pipe runs shall be cleaned and inspected for cracks, joint gaps,
deformation, and other visual defects using a video camera meeting the requirements of 3.7.1.1. Flexible pipes observed to
have deflection greater than five (5) percent shall be verified per 3.7.2. Any pipe found to be damaged will need to be repaired
or replaced at the Contractor’s expense. Any repairs will be done at the approval of the Engineer.

3.7.11 The video camera shall be able to verify the quality of the pipe installation and not be limited by poor
lighting, waterflow, or pipe length. The camera should have the following qualities:
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e Provide its own light source or have a separate light source capable of producing images acceptable to
the Engineer.

e Be able to move remotely inside the entire pipe length.

e Beable to pan and tilt to enable full view of joints.

e Have a remote monitor and a recording apparatus to view and record the condition of the installed
pipe.

e The video should include identification before each section of pipe filmed. The identification should
include project number, structure numbers corresponding to the structure numbers on the plans, size of
pipe, date and time. The video should also be marked with distances down the pipe length with an
accuracy of one foot per 100 feet.

e A copy of the video shall be provided to the Engineer on CD/DVD media in WMV or .MPEG format.
A written report accompanying the video shall also be provided to the Engineer.

3.7.2 Deflection for flexible pipe shall not exceed 5% when measured not less than thirty (30) days following
installation of backfill to subgrade level. When deflection verification is considered necessary by the Engineer, all necessary
manpower and equipment, including mandrels for such tests will be provided by the Contractor in accordance with 5.7.
Mandrels shall be rigid, have a minimum of nine (9) legs, be fabricated of metal and fitted with a pull ring at each end. The
diameter at any point shall not be less than the allowed percent deflection of the certified actual mean diameter of the pipe
being tested. The mandrel diameter should be as follows:

The specified pipe diameter minus the inside diameter tolerance, minus the allowable deflection (5% x specified pipe
diameter). The inside diameter tolerance shall be the lesser of 1.5% x specified pipe diameter or 0.5 in. (12 mm).

3.7.21 For locations where pipe deflection exceeds 5% under 3.7.2, an evaluation shall be conducted by the
Contractor, utilizing a Professional Engineer, registered in the State of NH, and submitted to the Engineer for review and
approval. The evaluation shall consider the severity of the deflection, structural integrity, environmental conditions, and the
design service life of the pipe. Pipe remediation or replacement shall be required for locations where the evaluation finds the
deflection could be problematic. For locations where the pipe deflection exceeds 7.5% of the inside diameter, remediation of
the pipe or replacement is required. Pipe remediation or replacement shall be at the Contractor’s expense.

3.8 Special Requirements for Pipe Sleeve.
3.8.1 When no pipe or conduit is placed in the sleeve, the ends shall be closed by suitable caps.

3.8.2  The Contractor shall not backfill pipe sleeves until the necessary reference measurements have been made. When
no pipe is placed in a non-metallic sleeve, in addition to the reference ties made by the Engineer, some means shall be provided
to allow an electromagnetic current to be passed from end to end of the sleeve. The conductor shall consist of a continuous
bare galvanized wire, minimum No. 9 gauge (3.8 mm), or sections of reinforcing rod welded or otherwise permanently joined.
The conductor need not be new. The conductor shall be placed in the sleeve or within 6 in. (150 mm) of the sleeve.

3.8.3  When the sleeve is to be installed by boring or drilling, the pavement shall not be disturbed. Suitable pits or
trenches shall be excavated for the purpose of conducting the boring operations and for welding end joints of the pipe. Such
pits shall be kept at least 2 ft. (600 mm) clear of the edge of the pavement and necessary precautions taken to prevent caving.

3.8.3.1 Variation in the final position of the pipe from the established line and grade shall not exceed 0.1 of a foot
per 10 feet (30 mm per 3 m).

3.8.3.2 Jetting will not be permitted.

3.8.3.3 When permitted, a method employing water may be used provided it can be demonstrated and guaranteed
that the water forced through the inserted washing pipe will be used to wash out only the material trapped within the body of
the pipe, and all the water will be returned through the pipe.

3.8.34 When the pilot hole method is employed, the holes are to be bored mechanically. The boring may be done
using a pilot hole approximately 2 in. (50 mm) in diameter bored the entire length of the crossing. This shall be checked for
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line and grade. If satisfactory, this hole shall serve as the center line of the larger diameter hole to be bored. Under this
method, the use of water or other fluids in connection with the boring operation will be permitted only to the extent necessary
to lubricate cuttings.

3.8.35 If the Contractor desires to employ a method different from the above suggested methods, he shall furnish the
details for approval.

3.8.3.6 After the pipe has been placed, boring operation trenches or pits shall be backfilled in layers not greater than
8 in. (200 mm) compacted depth, with each layer thoroughly compacted. Any surplus material shall be disposed of as required.

3.9  Removal of Pipe for Relaying.
3.9.1 Pipes shall be removed in accordance with 202.3.3 and 107.09.
3.9.2 Any pipe damaged shall be replaced with like material.
3.9.3 Any additional pipe needed shall be of like material.

3.10 Pipe Bored or Jacked.

3.10.1 When pipe other than pipe sleeve is to be bored or jacked, specifications governing the materials and construction
requirements will be provided in the proposal.

Method of Measurement
4.1  Pipe will be measured by the linear foot (linear meter) to the nearest foot (0.1 meter). Measurement of circular pipe
will be made between the ends of the pipe along the central axis, including through elbows and bends, as installed. In the case
of pipe-arches, the length will be measured along the invert. In the case of twin pipes and other multiple pipe structures, each
barrel will be measured separately.
4.1.1 No separate measurement will be made for elbows or bends.

4.2 End sections will be measured by the number of units installed.

4.3 Video inspection will be measured by the linear foot (linear meter) to the nearest foot (0.1 meter) based on the actual
measured length of pipe per 4.1.

Basis of Payment

5.1  The accepted quantities of pipe will be paid for at the Contract unit price per linear foot (linear meter) of the kind,
type, and size specified complete in place, including common structure excavation up to the depth specified in 206.4.1,
secondary excavation required in the imperfect trench method, bedding, pre-shaping of bedding, and backfill, with the
following stipulations:

5.1.1 All rock structure excavation, any common structure excavation below the depth specified in 206.4.1, and
excavation of unsuitable material required below the bottom of the pipe, will be paid as provided in 206. Bottom of pipe is
defined in 5.1.1.1.

5111 The term “bottom of pipe” for concrete pipe shall mean the nominal manufactured thickness of the wall
below the flow line, with nothing extra for bells of bell and spigot pipe; such term when used with metal pipe shall be
considered to be the same elevation as the flow line.

5.1.2 When the depth of excavation for a pipe is increased more than 1 ft. (300 mm) by lowering the grade or changing
the location from that shown on the plans, or when pipes are ordered in addition to those shown on the plans, additional
excavation will be paid as provided in 206 in accordance with 206.4.1.1.

New Hampshire Department of Transportation
Standard Specifications - 2010
6-11



SECTION 603

5.1.3  Granular backfill, when specified or ordered, will be paid as provided in 209.
5.2  End sections of the kind and size specified will be paid for at the Contract unit price each complete in place.

5.3  The accepted quantities of video inspection will be paid for at the Contract unit price per linear foot (linear meter) and
will include all required labor, equipment and materials.

5.4  The cost of furnishing and installing additional pipe for laying or relaying pipe, required through no fault of the
Contractor, will be paid as provided in 109.04 unless a bid item therefore is included in the Contract.

5.5  When pipe is bored or jacked, no extra allowance will be made for excavation or backfill for the pipe or for any
jacking pits. Any damage to the existing roadway shall be repaired at the Contractor's expense.

5.6  Temporary diversion of water including trenching or pumping directly from the trench or sumps shall be subsidiary to
the culvert installation. When well points or other specific dewatering devices are required or ordered, they will be paid as
shown or as provided in 109.04.

5.7  When deflection verification testing is ordered by the Engineer, all costs associated with this testing will be paid by
the Contractor, unless the deflection is 5 percent or less for a complete run of pipe. When deflection is 5 percent or less, the
Contractor will be reimbursed for all costs associated with the testing, as provided for in 109.04, for all continuous runs of pipe
found to be acceptable.

5.8  All backfill, above the bedding limits including concrete class F, flowable fill substituted for backfill material shall be
subsidiary to the pipe item.

5.8.1 If suitable backfill is not available within the project limits the Engineer may order material meeting the requirements
as defined under 3.5 and paid for as 203.6.

KEY TO ITEM NUMBERS FOR PIPES

Item Number Unit
603.0001 Video Inspection Linear Foot (Linear Meter)
603 A B C D E Item Number
603 Section Number
A Material or Use
B Type of Material
C Class, Thickness, or Other
D E Diameter or span rounded to nearest inch (or 100 mm)
.0 Reinforced Concrete Pipes Linear Foot (Linear Meter)
0 Circular
1 Arch
2 Blank
3 Blank
4 Blank
C Class

1 1500 D (Class I)
2 2000 D (Class I11)
3 3000 D (Class IV)
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603
603

A

4 3750 D (Class V)

Metal Pipes
Corrugated Steel

Reserved

o0 WNBE

Corrugated Aluminum
Corrugated Aluminized Steel (Type 2)

Corrugated Steel Pipe-Arch
Corrugated Aluminum Pipe-Arch
Corrugated Steel Slotted Drain Pipe

C Thickness in Inches (Millimeters)

Steel

0.064 (1.63)
0.079 (2.01)
0.109 (2.77)
0.138 (3.51)
0.168 (4.27)

oo h~ANO

D E

Pipe Sleeves
Unspecified

Corrugated Steel

A OWNPEFELO

PVC Plastic
End Sections

Polyethylene
Steel

Aluminum
Aluminized Steel
Resetting

O ook wo

Pipe for Slope Drainage

Unspecified
Corrugated Steel

Aluminum

0.060 (1.52)
0.075 (1.91)
0.105 (2.67)
0.135 (3.43)
0.164 (4.17)

Item Number
Section Number
Material or Use
Type of Material

Class. Thickness. or Other
Diameter or Span Rounded to the Nearest Inch (100 mm)

Reinforced Concrete

Corrugated Aluminum

Reinforced Concrete

End Section

0

2

3 Corrugated Aluminum
4 Corrugated Polyethylene

Pipe for Drives and Minor Approaches

0 Unspecified

New Hampshire Department of Transportation
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SECTION 603

.6 Laying or Relaying Drainage Pipe
(Furnished by the State or Salvaged)
0 Unspecified
1 Reinforced Concrete
2 Corrugated Steel
3 Corrugated Aluminum

.7 Pipe, Jacked or Bored
1 Reinforced Concrete under Roadbed
2 Reinforced Concrete under Railroad
C Strength: Refer to Col. “C” under 603.0
3 Blank
4 Blank
C Thickness: Refer to Col. “C” under 603.1

.8 Plastic Pipe
0 Unspecified
1 PVC Pipe

2 Polyethylene Pipe
1 Corrugated Interior
2 Smooth Interior

Examples (ENGLISH):

603.00215 15” Reinforced Concrete Pipe, 2000 D

603.20004 4” Pipe Sleeve

603.49012 12” Pipe for Slope Drainage\

603.44012 12” Corrugated Polyethylene Pipe for Slope Drainage
603.60012 Relaying 12” Drainage Pipe

603.831_ _ __” Plastic Pipe (Corrugated Interior)

603.832_ _ __” Plastic Pipe (Smooth Interior)

603.332_ _ __” Polyethylene End Section

603.690 ” Drainage Pipe

Examples (METRIC):

603.00204 375 mm Reinforced Concrete Pipe, Class Il

603.20001 100 mm Pipe Sleeve

603.49003 300 mm Pipe for Slope Drainage

603.44003 300 mm Corrugated Polyethylene Pipe for
Slope Drainage

603.6003 Relaying 0 to 300 mm Drainage Pipe

603.8310_ _ _ _mm Plastic Pipe (Corrugated Interior)

603.8320_ ___mm Plastic Pipe (Smooth Interior)

603.3320_ _ _ _ mm Polyethylene End Section

603.6900_ _ __mm Drainage Pipe

Linear Foot (Linear Meter)

Linear Foot (Linear Meter)

Linear Foot (Linear Meter)

Linear Foot
Linear Foot

Linear Foot
Linear Foot
Each

Linear Foot

Linear Meter

Linear Meter
Linear Meter
Each

Linear Meter
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SECTION 604

SECTION 604 -- CATCH BASINS, DROP INLETS, AND MANHOLES
Description

1.1 This work shall consist of furnishing and constructing catch basins, drop inlets, and manholes; with frames, grates or
manhole covers, as shown on the plans or as ordered. Common structure excavation to the depth specified in 206.4.1, bedding
if required, and backfill shall be included in this work.

1.2 This work shall consist of reconstructing, including adjusting, existing catch basins, drop inlets, and manholes as
shown on the plans or as ordered.

1.3 This work shall also consist of furnishing and installing frames, grates or manhole covers, as shown on the plans or as
orderedl.4

Materials

2.1  Precast concrete sections shall conform to AASHTO M 199 (AASHTO M 199M). The concrete shall be Class AA,
meeting the requirements of 520 except as noted herein.

2.2 Reinforcing shall be steel, or structural fibers. Steel shall conform to the requirements of 544. Fibers shall only be
utilized in structures with 4 ft. (1.2 meters) or less inside diameter and shall be as listed on the NHDOT Qualified Products list.

2.3 Precast concrete sections shall conform to AASHTO M 199 (AASHTO M 199M). The concrete shall be Class AA,
meeting the requirements of 520 except as noted herein.

2.3.1 Except for components cast using the dry cast process, precast concrete components shall not have the forms
removed until a minimum compressive strength of 2000 psi (15 Mpa) has been achieved. Once initial set of the concrete has
occurred, precast components shall not be moved until a minimum compressive strength of 2000 psi (15 Mpa) has been
achieved. Concrete cylinders shall be made, in accordance with AASHTO T 23, at the last placement of the day.

2.3.2 Curing of precast sections.

2321 All precast concrete units shall be coated with a white pigmented curing compound before being stored
outside. The membrane curing compounds used under this method shall be Type 2 (white pigmented) Class B conforming to
AASHTO M 148 and must appear on the Department’s current Qualified Products List. The compound shall be properly
agitated immediately before each use. A minimum coverage rate of 1 gallon per 200 square feet (two liters per 10 square
meters) shall be used.

2.3.2.1.1  Where concrete is to be bonded with fresh concrete or coatings applied, curing compound shall be removed.

2.3.2.2 Prior to placement of the curing compound, all precast concrete units shall be subjected to curing by any one
of the methods described below. The manufacturer shall provide minimum/maximum temperature thermometers to monitor
curing temperatures unless otherwise specified. If, at any time, curing temperatures fall below the specified minimum for the
chosen curing method, the curing period shall be increased accordingly. No unit shall be subjected to freezing temperatures
until eighty percent of the specified 28 day compressive strength has been reached.

2.3.2.3 Units which are exposed to freezing before reaching the required 28 day compressive strength may require
additional testing for compressive strength, as directed by the Materials and Research Bureau. Additional testing, when
required, will be performed on cores taken from the hardened concrete.

2.3.24 Steam Curing. The units shall be cured in a suitable enclosure as approved by the Bureau of Materials and
Research. The enclosure shall be designed to minimize the loss of heat and moisture while allowing for the uniform circulation
of steam around the entire unit. The interior surfaces of the enclosure and the surface of the unit shall be moist at all times.
Steps shall be taken to prevent localized “hot spots” caused by the steam lines. The enclosure shall be free from outside drafts.
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2.3.2.4.1  Steam curing shall not begin until a preset period has been completed. The preset period begins when the last
concrete has been placed and continues until the concrete obtains initial set. Prior written approval from the Bureau of
Materials and Research is required when preset periods of less than two hours are to be used.

2.3.24.2  During the preset period, moderate heat may be applied to the enclosure to maintain the initial temperature of
the concrete. The maximum temperature inside the enclosure during the preset period shall be the initial temperature of the
concrete, plus 9° F (5° C).

2.3.24.3  After the preset period is complete, steam shall be injected into the curing enclosure. The temperature inside
the enclosure shall not be increased at a rate greater than 36 degrees F (20° C) per hour. A moist atmosphere will be maintained
at a temperature between 104 degrees F (40° C) and 185 degrees F (85° C) for a period of not less than 12 hours. The
temperature inside the enclosure shall then be decreased at a rate not exceeding 36 degrees F (20° C) per hour until the ambient
temperature outside the enclosure is reached. The manufacturer shall provide automatic temperature recorders to continuously
record the curing temperature inside the enclosure. The concrete strength shall be determined by testing cylinders cured in the
same environment as the concrete they represent.

2.3.25 Water Spray Curing. Curing shall begin as soon as the concrete has hardened sufficiently to prevent
surface damage from the water spray. All exposed surfaces of the precast unit shall be kept wet with a continuous fine spray of
water in an enclosure maintained at a temperature of not less than 68 degrees F (20° C) for 72 hours or until 80% of the 28 day
compressive strength is reached. The concrete strength shall be determined by testing cylinders cured using the water spray
method and kept in the same environment as the concrete they represent.

2.3.2.6 Saturated Cover Curing. The saturated covers used under this method shall be burlap, meeting the
requirements of 520.2.6.1. Curing shall begin as soon as the concrete has hardened sufficiently to prevent surface damage
from the saturated burlap. All exposed concrete surfaces on the precast unit shall be covered with burlap, saturated with water
before applying. The burlap will be kept saturated and the units kept at a temperature of not less than 68 degrees F (20° C) for
72 hours or until 80% of the 28 day compressive strength is reached. The concrete strength shall be determined by testing
cylinders cured using the saturated cover method and kept in the same environment as the concrete they represent. Additional
curing time may be necessary to meet the strength requirements.

2.3.2.7 Moisture Retention Curing. Units cured in accordance with these methods shall be maintained at a
minimum temperature of 50 © F (10° C) for 7 days or until 80% of the 28 day compressive strength has been reached.
Additional curing time may be necessary to meet the strength requirements. The concrete strength shall be determined by
testing cylinders cured in the same environment as the concrete they represent. Moisture retention curing shall be
accomplished by either of the following 2 methods.

2.3.2.7.1  Membrane Curing Compound.

232711 The membrane curing compound shall be applied to the concrete surface after finishing, as soon as the
free water on the surface has disappeared and no water sheen is visible, but not so late that the liquid curing compound will be
absorbed into the concrete. When curing compound cannot be applied within the above requirements, the manufacturer shall
instead immediately begin curing the unit in accordance with one of the other curing methods contained in this specification,
until curing compound can be applied. When curing compound is to be used in conjunction with any other method of cure, the
Engineer shall be notified prior to the start of production. When this method is used in conjunction with the dry cast process,
the curing room shall be kept at 100% humidity until a minimum compressive strength of 2000 psi (15 Mpa) has been
obtained.

2.3.2.7.1.2 When the forms are removed prior to 7 days, the exposed concrete surfaces shall be wet with water
within one half hour of form removal and shall be kept wet until the curing compound is applied. Before application, the
concrete shall be allowed to reach a uniformly damp appearance with no free water on the surface, and then the compound
shall be applied immediately.

2.3.2.7.13 This method of curing shall not be used on any concrete surface that is to have plastic concrete bonded
to it. Another approved method of curing shall be used when this condition exists.
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2.3.2.7.2  Curing Covers.

232721 The curing covers used under this method shall conform to AASHTO M 171. Curing covers shall be
placed immediately following the finishing operation or form removal, whichever is applicable. Care shall be taken not to
damage any exposed concrete surfaces during cover placement. Curing covers shall be placed and secured and be of such
condition as to minimize the loss of moisture and temperature. When it is necessary to use more than one curing cover, the
edges shall be lapped a minimum of 12 in. (300 mm).

2.4 Clay brick shall conform to the requirements of AASHTO M 91, Grade MS. The use of concrete brick will not be
permitted.

2.5  Concrete masonry units shall conform to the requirements of ASTM C 139 and shall have a minimum compressive
strength of 3,000 psi (20 Mpa) when tested by the method in AASHTO T 140.

2.6 Cement mortar shall conform to 707.
2.7  Castings shall be gray iron conforming to AASHTO M 306. Castings shall be proof load tested.

2.8  Steel grates shall be of structural steel conforming to AASHTO M 183M/M 183 ASTM A 36/A 36M. The grates
shall be fabricated as shown on the plans or approved. All top edges shall be flush, and all rivets shall be tight and properly
headed. After fabrication, the grates shall be galvanized in accordance with AASHTO M 111 or ASTM A 153 as applicable.

2.9 Prefabricated adjustment rings for catch basins, drop inlets and manholes shall conform with 2.7 or as shown on the
Qualified Products List.

2.10 Polyethylene liner material shall conform to the requirements of AASHTO M 294, Section 6.0, but not have a wall
thickness less than 1/4 in. (6 mm).

Construction Requirements

3.1  Concrete construction shall conform to the requirements for structural concrete. Masonry shall conform to the
requirements for the respective type. Joints shall be full mortar joints not more than 1/2 in. (13 mm) wide. Exposed joints
shall be neatly finished. Masonry shall fit neatly and tightly around the pipe.

3.1.1 Reinforced precast sections shall not be shipped from the manufacturing facility until the eighth day from the date
of manufacture, except when the supplier provides test results demonstrating that the design strength has been achieved.

3.2 In accordance with the provisions of AASHTO M 105, 17.2, following are the “other matters of workmanship and
finish” required: Frames and grates or frames and covers shall be matched before being incorporated in the work. Grates and
covers shall make full and even bearing on the underlying surface to fit into the frames without rocking.

3.3 When reconstruction or adjustment of existing structures is specified, the frames and grates or covers shall be
removed and the walls reconstructed as required. The frames and grates or covers shall be cleaned and reset at the required
elevation.

3.3.1 Prefabricated adjustment rings may be used and shall be installed in accordance with the manufacturer’s
recommendations.

3.4 Structures within the limits of bituminous concrete pavement shall be temporarily set at the elevation of the bottom of
the binder course or as ordered. After the binder course has been compacted, these structures shall be set at their final grade.
Backfill necessary around such structures after the binder course has been completed shall be made with Class AA concrete
unless otherwise ordered.

3.5  Upon completion, each structure shall be cleaned of silt debris, or other matter of any kind and shall be kept clean
until Acceptance of the Work.
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3.6  Excavation and backfill shall conform to 206.3.

3.7  Sewer manholes constructed or reconstructed shall be tested after all connections have been made according to the
requirements of the Department of Environmental Services, Water Division.

3.8 Surface preparation for drainage structures to be treated with water repellent shall be sufficient to remove dust, dirt,
oil, wax, other coatings, efflorescence and other foreign materials. All surfaces shall be dry prior to the application of water
repellent.

3.8.1 Treatment shall be performed in accordance with the other applicable provisions of 534.

3.9  Polyethylene liners shall be manufactured and installed in accordance with the standard plans.

Method of Measurement

4.1  Catch basins, drop inlets, and manholes will be measured from the bottom of the metal frame or concrete cover to the
inside bottom top of the base.

4.2 Reconstructing/adjusting catch basins, drop inlets, or manholes will be measured by the linear foot (linear meter),
vertically to the nearest 0.1 of a foot (meter), between the bottom of the metal frame or concrete top and the top of the
undisturbed portion of the existing structure.

4.3  Frames with grates or manhole covers will be measured by the number of units installed except when they are a part
of a structure measured under 4.1. A cover and frame will be a unit; and a grate and frame will be a unit.

4.5  Polyethylene liners will be measured by number of each installed.

Basis of Payment

5.1  The accepted quantities of catch basins, drop inlets, and manholes, which includes the necessary frames and grates or
covers, of the type and diameter specified will be paid for at the Contract unit price per unit complete in place, including
common structure excavation and setting to final grade to the depth specified in 206.4.1, bedding if required and backfill with
the following stipulations:

5.1.1 For catch basins and manholes other than special catch basins and manholes, up to the first 8 ft. (2.5 m) will be
paid for as one unit. Any additional depth required will be paid by dividing the additional depth by the 8 ft. (2.5 m) unit depth.
Payment will be to the nearest tenth of a unit.

5.1.2 For drop inlets other than special drop inlets, up to the first 5 ft. (1.5 m) will be paid for as one unit. Any
additional depth required will be paid by dividing the additional depth by the 5 ft. (1.5 m) unit depth. Payment will be to the
nearest tenth of a unit.

5.1.3 Payment for structures indicated as “special” will be made by the complete unit of the depth shown on the plans.
When an increase of 6 in. (150 mm) or greater is ordered from the depth shown, the unit depth will be adjusted in proportion
that the constructed depth, measured to the nearest foot (meter), bears to the depth shown on the plans. The proportion will be
computed to no more than 2 decimal places.

5.1.4 All rock structure excavation, any common structure excavation below the depth specified in 206.4.1 and
excavation of unsuitable material below the bottom of the catch basin, drop inlet, and manhole will be paid as provided in 206.
Over excavation for bedding purposes in ledge and backfill for said over excavation will be subsidiary.

5.1.5 No extra allowance will be made for structures constructed in accordance with 3.4.

5.1.6  Water repellent treatment for new drainage structures will be subsidiary.
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5.2  The accepted quantities of reconstructed/adjusted catch basins, drop inlets, and manholes will be paid for at the
Contract unit price per linear foot (linear meter) complete in place, including reinstalling existing frames and grates or covers.
A minimum of 1 foot (0.3 m) of reconstructing/adjusting will be paid for each structure measured.

5.2.1 No payment will be made for reconstructing/adjusting portions of the above structures which are unnecessarily
disturbed.

5.2.2 No separate payment will be made for excavation for reconstructing/adjusting the above structures.

5.3  The accepted quantities of frames and grates or manhole covers will be paid for at the Contract unit price per each unit
complete in place, including setting to final grade.

5.4  Testing of sewer manholes required in 3.7 will be subsidiary.

5.5  The accepted quantities of polyethylene liner will be paid at the Contract unit price per each installed complete in
place.

Pay items and units:
604.0007 Polyethylene Liner Each

KEY TO ITEM NUMBERS FOR CATCH BASINS, DROP INLETS AND MANHOLES
Item NumberUnit

604 . A B C Item Number
604 Section Number
A Structure Type
B Grate and Frame Type
C Diameter

.1 Catch Basins Type__,  ft. (___m) Diameter Unit
Blank

Type B

Type C

Blank

Type E

Type F

With Frames and Grates Furnished by Others

Special

O©ooouUlhwNE

.2 Drop Inlets Type___,  ft. (__m) Diameter Unit
Blank

Type B

Type C

Type D-

Type E

Type F

With Frames and Grates Furnished by Others

Special

O© ool wWwNBEF

.24 Drop Inlets D-___ Unit
Blank

2 TypeB
3 Blank
4  Blank

[EEN
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6-20

5 TypeE
6 TypeF
.3 Manholes
1 Sewer Manholes, _ ft. (__m) Diameter
2 Drainage Manholes,___ft. (___m) Diameter
9  Special

4 Reconstructing/Adjusting Catch Basins and Drop Inlets

.5 Reconstructing/Adjusting __Manholes

1 Sewer
2 Drainage
3  Electrical
4 Telephone
.6 Manhole Covers and Frames
1 Sewer
2 Drainage
.7 Grates and Frames, Type___
1 Blank
2 TypeB
3 TypeC
4 Blank
5 TypeE
6 TypeF

Examples (ENGLISH):

604.126
604.226
604.242
604.326
604.51

Catch Basin Type B, 6 ft Diameter
Drop Inlet Type B, 6 ft Diameter
Drop Inlet Type D-B

Drainage Manholes, 6 ft Diameter
Reconstructing Sewer Manholes

Examples (METRIC):

604.1218
604.2218
604.242
604.3218
604.51

Catch Basin Type B, 1.8 m Diameter
Drop Inlet Type B, 1.8 m Diameter
Drop Inlet Type D-B

Drainage Manholes, 1.8 m Diameter
Reconstructing Sewer Manholes

Unit

Linear Foot (Linear Meter)

Linear Foot (Linear Meter)

Each

Each
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SECTION 605 -- UNDERDRAINS
Description

1.1 This work shall consist of furnishing (unless pipe is provided) and installing underdrains at the locations shown or
ordered. Pipe, common structure excavation, support membrane, graded aggregate, sand cushion, and backfill where specified
shall be included in this work.

1.1.1 Furnishing and installing underdrain flushing basins as shown on the plans or ordered shall also be included in this
work.

1.2 Aggregate underdrain shall consist of furnishing and installing support membrane, graded aggregate, pipe, if ordered,
common structure excavation, and backfill as necessary.

Materials

2.1  Perforated corrugated steel pipe and coupling bands shall conform to the applicable requirements of AASHTO M
36/M 36M, Type IlIl. The minimum allowable metal thickness of 6 in. (150 mm) underdrain pipe shall be (0.052 in. (1.32
mm) ; the minimum allowable metal thickness in underdrain pipe larger than 6 in. (150 mm) shall be 0.064 in. (1.63 mm).

2.2  Perforated corrugated aluminum pipe and coupling bands shall conform to the applicable requirements of AASHTO
M 197/M 197M.

2.3 Polyvinyl Chloride (PVC). PVC pipe and fittings shall be provided by a manufacturer listed on the Qualified
Product List.

2.3.1 Smooth-wall perforated and un-perforated polyvinyl chloride pipe, bends and cleanouts shall conform to
AASHTO M 278. Perforated polyvinyl chloride profile wall pipe shall conform to AASHTO M 304.

2.3.2 Basis of acceptance and test requirements of polyvinyl chloride pipe shall conform to AASHTO M 278 or
AASHTO M 304 for the respective type of pipe.

2.4 Polyethylene. Manufactuerers of polyethylene pipe must participate in and maintain compliance with, the
AASHTO National Transportation Product Evaluation Program (www.ntpep.org) that audits producers of polyethylene pipe A
certifiicate of compliance as required by 106.04 shall be provided for each shipment.

2.4.1 Polyethylene drainage tubing 6 in. (150 mm) in diameter shall conform to AASHTO M 252, Type S, with either
Class 1 or Class 2 perforations. Perforated corrugated polyethylene pipe of nominal sizes 12 to 36 in. (300 to 900 mm)
diameter shall conform to AASHTO M 294, with Class 1 perforations. Lengths for all sizes shall not exceed 20 ft. (6 m).

2.4.2 Basis of acceptance and test requirements of polyethylene pipe shall conform to AASHTO M 252 or
AASHTO M 294 for the respective type of pipe. The approval criteria can be obtained from the Bureau of Materials and
Research. A certificate of compliance, as required by 106.04, shall be provided for each shipment.

2.5  Pipe Underdrain, Materials Per Contractor's Option.
2.5.1 When the item reads 6 in. (150 mm) pipe underdrain (Contractor’s option), it shall be the Contractor's option
whether he furnishes perforated corrugated steel pipe, perforated corrugated aluminum pipe, perforated polyvinyl chloride pipe

or perforated corrugated polyethylene drainage tubing.

2.6 Sand cushion shall be so graded that 90 to 100 percent by weight will pass a 1/2 in. (12.5 mm) sieve, and not more
than 12 percent will pass a No. 200 (0.075 mm) sieve.

2.7 Underdrain backfill shall meet the requirements of 209.2.1.
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2.8 Molded pull boxes for underdrain flushing basins shall conform to 614.2.6.
2.9  Aggregate for aggregate underdrain shall conform to 702, Aggregates, Table 1, Standard Size #4.

2.10 Support membrane shall be non-woven geotextile and conform to Item 593.131 - Geotextile, Subsurface Drainage,
Class 3, Non-woven.

Construction Requirements

3.1  Trenches shall be excavated to the dimensions and grade shown or ordered. A minimum 2 in. (50 mm) sand cushion
in common excavation and a 6 in. (150 mm) sand cushion in rock excavation shall be placed in the bottom of the trench for its
full width and length to the grade of the bottom of the pipe.

3.2 Perforated pipe shall normally be placed with the perforations down, and sections shall be securely joined with the
appropriate couplings, fittings, or bands.

3.3 After the pipe installation has been inspected and approved, underdrain backfill material shall be placed to a height of
12 in. (300 mm) above the top of the pipe, care being taken not to displace the pipe. The remainder of the backfill material
shall then be placed to the required height and compacted in lifts not to exceed 12 in. (300 mm).

3.4  Pipes shall be laid with 45-degree bends where changes in direction are indicated on the plans.

3.5  Except at structures, up grade ends of all underdrain pipe installations shall be closed with suitable plugs to prevent
entry of soil material.

3.6 Flushing Basins.

3.6.1 Flushing basins shall be installed approximately 2 ft. (600 mm) beyond the break in the shoulder and in such
manner as to allow the molded pull box to be set within the slope limits.

3.6.2  Any excavation required to install flushing basins shall be done in accordance with 3.1.

3.6.3 Additional 6 in. (150 mm) un-perforated pipe shall be added to the long 1/8 bend to bring the riser to the required
elevation.

3.6.4  After the fitting and 6 in. (150 mm) riser pipe installation has been inspected and approved, underdrain backfill
material shall be placed and properly compacted to a height which will allow for the proper installation of the cleanout and
molded pull box. The remainder of the backfill and base course necessary shall then be placed to the required height and
compacted. Care shall be taken to prevent backfill material from entering the riser pipes.

3.7  Aggregate Underdrains.

3.7.1  Trenches shall be excavated to the dimensions shown or ordered. Type 1 aggregate underdrain shall have a 6 in
by 10 foot (150 mm by 3 m) section of pipe at the outlet end of each section of underdrain. Type 2 shall include pipe of the
specified diameter throughout.

3.7.2  Non-woven support membrane shall be installed so as to minimize the number of fabric seams within the trench
section. Seams shall be constructed by overlapping the fabric at least 12 in. (300 mm) and folding to create a joint which will
ensure that soil infiltration will be retarded.

3.7.3  Aggregate shall be placed within the typical section as shown in a manner that will maintain the fabric integrity.
Punctures created by aggregate, equipment, tools or improper handling shall be patched by placing fabric at least 12 in. (300
mm) beyond the puncture limits on the outside of the typical section.

3.7.4  Pipe, as required, shall be laid to grade as ordered.
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3.7.5 Backfill shall be placed and tamped in the areas outside and adjacent to the aggregate underdrain so that the shape
of the typical is maintained. Sharp pieces of rock shall not be placed immediately adjacent to the fabric.

3.7.6 When rock is encountered, sharp projections of solid rock shall be removed within the typical section, primarily
at the bottom of the trench.

Method of Measurement

4.1  Underdrains will be measured by the linear foot (linear meter) to the nearest 0.1 foot (meter) along the centerline of
the pipe.

4.1.1  Aggregate underdrain will be measured by the linear foot (linear meter), to the nearest 0.1 of a foot (meter) along
the centerline of the aggregate underdrain.

4.2 Backfill or cushioning material furnished will be subsidiary.
4.3 Underdrain flushing basins will be measured by the number of units installed.

4.3.1 Each unit shall include all required riser pipe, 45° wye, long bend, cross pipe, cleanout pull box and backfill
material as required.

Basis of Payment

5.1  The accepted quantities of underdrain of the type specified will be paid for at the Contract unit price per linear foot
(linear meter) in place, including common structure excavation, sand cushion and backfill.

5.1.1 Payment will not be made for 45 degree bends.
5.1.2 Rock excavation will be paid for under Item 206.2.

5.2  The accepted quantity of underdrain flushing basins will be paid for at the Contract unit price per each complete in
place, including riser pipe, 45° wye, long bend, cross pipe, cleanout pull box, common structure excavation, and backfill.

5.3  The accepted quantities of aggregate underdrain of the type specified will be paid for at the Contract unit price per
linear foot (linear meter) in place, including support membrane, graded aggregate, pipe, if ordered, common structure
excavation, and backfill.

5.3.1 Payment will not be made for fabric used for patching.
5.3.2 Rock excavation required will be paid for as provided in 5.1.2.

Pay items and units English (metric):

605.1_ _in (mm) Perforated Corrugated Steel

Pipe Underdrain Linear Foot ( Linear Meter)
605.4_ _in (mm) Perforated Polyvinyl Chloride

Pipe Underdrain Linear Foot (Linear Meter)
605.5 _in (mm) Perforated Corrugated Polyethylene

Pipe Underdrain Linear Foot (Linear Meter)
605.79 Underdrain Flushing Basins Each
605.81A _in (mm)Aggregate Underdrain Type 1 Linear Foot (Linear Meter)
605.82ABC _in (mm) Aggregate Underdrain Type 2,

With Pipe Linear Foot (Linear Meter)
605.84015 1-1/2 in PVC Plastic Horizontal Drains Linear Foot
605.906 6 in Pipe Underdrain (Contractor’s

Option) Linear Foot
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6-24

Notes:
A = Width of Underdrain
1=18" 2=24" 3=30" 4=36" (1=450mm 2=600mm 3=750mm 4 =900 mm)
B = Type of Material
1 = Perforated Corrugated Steel
2 = Blank
3 = Perforated Corrugated Aluminum
4 = Perforated Polyvinyl Chloride
5 = Perforated Corrugated Polyethylene
C = Diameter of Pipe

1=67 2=12" 3=18" 4=24" (1=450mm 2=600mm 3=750mm 4 =900 mm)

Examples:
605.82311 30 in. Aggregate Underdrain Type 2, with

Perforated Corrugated Steel 6 in Pipe Linear Foot
605.906 6 in. Pipe Underdrain. (Contractor's Option) Linear Foot
605.82311 750 mm Aggregate Underdrain Type 2, with

Perforated Corrugated Aluminum 150 mm Pipe  Linear Meter
605.915 150 mm Pipe Underdrain. (Contractor's Option)
605.8404 40 mm PVC Plastic Horizontal Drains Linear Meter
605.915 150 mm Pipe Underdrain. (Contractor’s

Option) Linear Meter
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SECTION 606 -- GUARDRAIL
Description

1.1 This work shall consist of furnishing and installing guardrail, anchorages, terminal units, concrete barriers, and pipe
handrails of the type specified at the locations shown on the plans or as ordered.

1.1.1 Resetting of existing guardrail shall be included in this work.

1.1.2 Temporary guardrail, temporary concrete barrier, and temporary impact attenuators shall consist of furnishing,
installing, maintaining, relocating and removing as specified.

1.1.3  Any excavation required for this work is subsidiary to the item except as provided for in 606.5.8
Materials
2.1  Wood Posts, Offset Blocks, and Rails.

2.1.1 Wood posts shall be treated in accordance with 2.2, sound and reasonably straight. The ends shall be cut square
or as indicated. Posts with hollow knots, open or plugged holes, or season checks exceeding 1/4 in. (6 mm) in width will be
rejected.

2111 Guardrail posts, offset blocks and wood rails shall be made of timber with a stress grade of 1,200 psi
(8.3 MPa) or more for extreme fiber in bending in accordance with AASHTO M 168. All cuts and holes shall be made before

preservative treatment.

2113 Wood rails shall be treated in accordance with 2.2, straight and sound, free from loose knots and other
defects, and shall be surfaced on all sides.

2.1.2 Synthetic offset blocks for guardrail shall be a product as listed on the Qualified Products List. They shall be
made of synthetic materials, recycled preferred and shall meet the criteria of NCHRP 350 Test Level 3.

2.2 Preservative Treatment.

2.2.1  All wood posts, blocks and rails shall be treated with preservative materials conforming to the requirements of
AASHTO M 133.

2.2.2  The type of treatment shall be one of the following:

Treatment Minimum net retention,
Pounds per cubic foot (Kilograms
per cubic meter)
Type A Pentachlorophenol 0.60 (9.6) Dry Salts
Water-Borne Preservative 0.40 (6.4)

2.2.3 All wood posts and rails shall be treated after sawing and drilling or retreated after drilling in accordance with
AASHTO M 133.

2.3 Structural Shape Posts.

2.3.1  Structural shape steel posts shall conform to ASTM A 36/A 36M and shall be galvanized after fabrication to meet
the requirements of AASHTO M 111.

2.3.2 Offset blocks for steel post assemblies shall be made of synthetic materials in accordance with 2.1.2.
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2.4  Rails and Fittings for Beam Guardrail.

2.4.1  Rails and fittings shall be as shown in the current edition A Guide to Standardized Highway Barrier Hardware,
AASHTO - AGC- - ARTBA Joint Cooperative Committee. Galvanized steel rail elements, terminal sections, bolts, nuts, and
other fittings shall conform to AASHTO M 180, (except that paragraph 11, Marking, shall not apply), Type II, Class A.
Galvanized steel rail elements and terminal sections shall be treated with a solution of sodium dichromate or other approved
chemical solutions so as to prevent or reduce storage stain

2411 Miscellaneous steel hardware not shown in A Guide to Standardized Highway Barrier Hardware, AASHTO
— AGC- - ARTBA Joint Cooperative Committee designation shall conform to ASTM A 36 and A 500 as appropriate.
Hardware shall be galvanized, after all fabrication, in accordance with AASHTO M 232.

2.4.2  Steel rail elements shall be shop punched to allow for 6 foot — 3 inch (1905 mm) post spacing or as required.
Where the rail is on a curve having a radius of 150 ft. (45 m) or less, the rail shall be shop curved. The splice shall make
contact throughout the area of the splice. Guardrail parts furnished under this specification shall be interchangeable with
similar parts, regardless of the source of manufacture.

2.4.3 The post bolt and connection shall withstand a 5,000 Ib (22 kN) pull in either direction.

2.5  Anchor blocks. Anchor blocks shall be as shown on the plans.
2.6 Permanent Concrete Anchors and Barriers.

2.6.1 Concrete shall be Class AA conforming to 520.1.2. The cement shall be Type 111 Portland cement as specified in
AASHTO M 85. Slump shall be closely controlled between 2 and 3 inches (50 and 75 mm). Concrete used in extrusion or slip
form barrier shall be of such consistency that after extrusion, it shall maintain the shape of the barrier without support.

26.1.1 Corrosion inhibitor admixture shall conform to AASHTO M 194 (ASTM C 494) Type C as included on the
Qualified Products List.

2.6.2 Reinforcing steel shall conform to 544.
2.6.3  Structural material including end connectors shall conform to the applicable portions of 550.
2.6.3.1 Galvanizing shall conform to AASHTO M 111.

2.6.4 Mortar for patching, when permitted, shall be composed of the exact ingredients of the concrete with the coarse
aggregate omitted.

2.6.5 Preformed Expansion Joint Filler shall conform to AASHTO M 153, Type Il or AASHTO M 213.

2.6.6  Water repellent coating on concrete barrier, except portable concrete barrier for traffic control, shall be
Silane/Siloxane conforming to 534.2.2.

2.7 Delineators. Delineators shall conform to 621.
2.8 Handrail.

2.8.1  Steel Pipe for rails and posts shall conform to ASTM A 53, Schedule 40, Standard Weight of the diameter shown
on the details. Pipe shall be galvanized after fabrication in accordance with the requirements of AASHTO M 111.

2.8.2 Grout for anchoring the pipe posts shall be High Strength, Impact Resistant, Non-shrink Grout as included in
Section 529 on the Qualified Products List.

2.9  Retroreflective sheeting shall conform to AASHTO M 268 (ASTM D 4956) minimum of Type 111 sheeting.
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2.10 Temporary Impact Attenuators.

2.10.1 Temporary impact attenuation devices for traffic control shall be designed to meet the requirements of the
National Cooperative Highway Research Program (NCHRP) Report 350 at a minimum of Test Level 2 [43.5 mph (70 km/h)]
or Test Level 3 [62.1 mph (100 km/h)] as specified in the item description.

2.10.2  Temporary impact attenuation devices (redirective and Non-redirective) shall be products as included on the
Qualified Products List unless allowed per 2.12.4 or specifically specified in the Contract.

2.10.3  Temporary impact attenuation devices shall be redirective or non-redirective as specified in the item
description. Redirective devices shall be capable of redirecting the impacting vehicle over the full length of the device.

2.10.4  Sand barrels and water filled arrays will not be allowed for use November 1* to April 15™ unless they are at
least ten feet away from the travelway (measured to the face) or specifically approved in writing by the Engineer. If approved
by the Engineer for winter use, the sand or water shall be treated to prevent freezing.

2.10.4.1 The Contractor may elect to utilize either sand barrels or water filled attenuators for the non-redirective
category between April 15™ and November 1%. The Contractor shall provide certification that the unit complies with the
NCHRP 350 test level specified.

2.10.4.2 Sand Barrel arrays and water filled impact attenuators shall be made up of modules that are durable and
weather proof with outer components formulated to resist deterioration from ultraviolet rays.

2.10.4.3 When a project that is anticipated to be completed prior to November 1%, is delayed until the next season due
to the Contractor’s method of construction, it shall be the responsibility of the Contractor to replace sand barrel arrays with an
impact attenuation device included on the Quality Products List, at no cost to the Department. When an extension of time is
granted under 108.07 the additional cost for replacement will be paid in accordance with the provisions of 109.04.

2.10.5 Used impact attenuators, beam guardrail, and terminal units for traffic control barrier, in good operating condition
will be allowed with approval from the Engineer.

2.10.6 Truck mounted attenuators (TMA) may be used temporary impact attenuators in accordance with 619 with
approval by the Engineer. In no case shall a TMA be left in place during non-work hours, it shall be stored outside the clear
zone.

2.11 Temporary beam guardrail.

2.11.1  Temporary beam guardrail shall meet the requirements of Item 606.120 (steel posts) or Item 606.140 (wood
posts).

2.11.2 Used beam guardrail and terminal units in good operating condition, will be allowed with approval from the
Engineer.

2.12  Terminal Units.
2.12.1 Terminal unit EAGRT shall be an energy absorbing tangent type end unit as found on the Qualified Products List.
2.12.2 The same terminal unit EAGRT model shall be utilized throughout the project.

2.13 Replacement Components

2.13.1 Steel beam for beam guardrail, including hardware shall consist of standard beam rail, bolts, nuts, washers and
any other materials necessary to connect the rail to the offset blockouts.
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2.13.2 Post Assemblies of the type specified for Beam Guardrail Posts shall consist of offset blocks, bolts, nuts, washers
and any other materials necessary to connect the, rail, offset blocks and posts.

Construction Requirements
3.1  Posts.

3.1.1 Wood posts shall be set plumb at the required locations by either auguring, excavating or driving. The bottom
of the holes shall be thoroughly tamped to grade. The face of the post nearest the road shall present a vertical line from the top
to bottom.

3.1.2  Steel posts shall be driven to grade at the spacing required.

3.1.3 Post and anchor holes shall be backfilled with acceptable material placed in layers and thoroughly compacted
with a power tamper.

3.1.4 The wood offset blocks shall be “toe nailed” to the rectangular wood posts to prevent them from turning.

3111 Breakaway wood posts A and B shall be set in augured, pre-driven or hand dug holes and backfilled in
accordance with 3.1.3.

3.2 Beam Rail.

3.2.1 Beam guardrail shall be erected to provide a smooth continuous rail conforming to the line and grade of the
highway. Corrugated rail elements shall be lapped so that the exposed end of each element is away from approaching traffic.
Tube-type beam elements shall be bolted and joined as shown on the plans. Expansion joint bolts shall be tightened, but not to
a degree which will prevent the rail elements from sliding past each other longitudinally. All other bolts shall be drawn tight.

3.2.2  All metal work shall be fabricated in the shop. No punching, cutting, or welding shall be done in the field. Holes
may be drilled or cutting done for special details only.

3.2.3 Galvanized beam rail shall be stored to prevent wet storage stain. Storage shall be off the ground and individual
rail elements shall be separated with spacers to provide free access of air. The beam rail shall be inclined in a manner which
will provide continuous drainage.

3.2.4 All damage to galvanized surfaces, threaded portions of all fittings and fasteners, and cut ends of bolts after
assembly, shall be repaired by thoroughly wire brushing the damaged area and painting it with 2 coats of zinc-rich primer.

3.2.5 At each location where an electric transmission, distribution, or secondary line crosses any of the types of metal
guardrail covered by these specifications, the guardrail shall be grounded as required by the electric utility company.

3.25.1 At locations where electric lines run parallel and in close proximity to metal guardrail, grounding systems
may be required by the electric utility company.

3.2.6  All beam rail shall include retroreflectorized delineators, white or yellow, placed in accordance with the Standard
Plans.

3.2.7 Double nested guardrail shall be as detailed on the plans or as ordered.

3.3 Terminal sections. Terminal sections shall be installed at each end of every installation of beam guardrail unless
otherwise specified. Before installation, the Contractor shall provide the Engineer with copies of the manufacturer’s
documents indicating satisfactory testing in accordance with NCHRP 350 and/or its subsequent revisions and of the approval
by the FHWA for use of the terminal unit as intended. The Contractor shall provide a list of component parts to the Engineer
to be forwarded to the appropriate maintenance office.

3.3.1 Terminal units or sections shall be installed as shown on the plans, specified by the manufacturer or ordered.
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3.3.2  Type Il retroreflective sheeting shall be applied to the approach nose after fabrication and assembly but prior to
the installation of bolts, if terminal units are installed less than 6 ft. (1.8 meters) from the edge of pavement as follows:

One-Way Roadways: Retroreflective yellow with black stripes sloping downward at an angle of 45
degrees toward the roadway on both sides of the roadway. The width of the stripes
shall be 3 in. (75mm).

Two-Way Roadways: Same as One-Way Roadway except the reflective sheeting is to only be placed on
the right side of the roadway with no sheeting on the left side of roadway.

3.3.2.1 Retroreflective sheeting on ELT terminal units shall be 12 in. (300 mm) high x 24 in. (600 mm) wide and shall
be attached to the 24 in. (600 mm) corrugated steel pipe 4 in. (100 mm) down from the top by applying the retroreflective
sheeting to 0.080 in. (2 mm) thick, 12 in x 24 in. (300 x 600 mm) aluminum sheet which shall be attached with six M6 — 1/4 in.
—20x 1in. (1.25 x 25 mm) bolts with, lock washers and nuts fastened on the top, middle and bottom edges.

3.3.2.2 Retroreflective sheeting on flat-ended terminal units shall be a minimum of 12 in. (300 mm) wide and 24 in.
(600 mm) high unless the dimensions of the flat end surface of the terminal unit are less. In the case of the width being less
than 12 in. (300 mm) it shall cover the entire width of the flat surface. In the case of the height being less than 24 in. (600 mm)
it shall cover the entire height of the flat surface. If the 12 in. (300 mm) wide sheeting does not cover the full width of the flat
surface, the sheeting shall be placed on the roadway edge of the of the terminal unit. If the 24 in. (600 mm) high sheeting does
not cover the full height of the flat surface, the sheeting shall be placed from the top down.

3.4  Wood rail. Wood rail shall be constructed as shown on the plans. Wood surfaces cut or damaged shall be brush
treated with 2 applications using material of the same specification as that used in the preservative treatment.

3.5 Resetting. The existing guardrail and/or terminal units including anchorages shall be dismantled in a careful manner
that eliminates damage, suitably stored, and reinstalled. Unless otherwise ordered, hardware and fittings shall be packed in
substantial containers.  Replace posts and hardware that the Engineer deems unsuitable for reuse with new, paid for under
appropriate Contract items or as provided for in 109.04.

35.1 The Contractor, together with the Engineer, shall inspect the guardrail and terminal unit before dismantling and
note any damaged or missing parts. Damaged or missing parts shall be repaired / replaced as directed by the Engineer.
Material damaged due to the Contractor's negligence shall be replaced with new materials at the Contractor’s expense

3.6  Temporary Impact Attenuators and Temporary Beam Guardrail.
3.6.1 Temporary Impact Attenuators for Traffic Control.

36.1.1 Submit technical data to the Engineer for approval prior to installing the attenuator. This data shall include
the overall length, width, the number of bays or modules, connection details, the point at which redirection is provided (where
length of need is established on the device), the performance category (redirective or non-redirective), maximum design speed
and the NCHREP test level the attenuator was tested to.

3.6.1.2 All work relating to the placement of the components of the impact attenuation device including transition
sections shall be as shown on the manufacturer’s details and shall be approved by the Engineer. Installation shall be in
accordance with the manufacturer's recommendations.

3.6.1.3 The impact attenuation device shall be located on a concrete pad or prepared base as recommended by the
manufacturer.
3.6.14 Provide a positive connection between the end of concrete barrier or guardrail and the impact attenuation

device as recommended by the manufacturer.

3.6.15 Any device or device components damaged during installation shall be replaced with new parts from the
manufacturer at the Contractor’s expense.
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3.6.1.6 The Contractor shall have on hand one replacement parts kit as recommended by the manufacturer per
project for each model type used prior to being installed.

3.6.1.7 Temporary impact attenuators for traffic control shall remain the property of the Contractor and they shall be
removed when the project is complete or they are no longer needed.

3.6.2 Damaged temporary beam guardrail or temporary impact attenuators shall be repaired within 24 hours after
notification by the Engineer.

3.6.3 Temporary beam guardrail shall be installed meeting the requirements of Item 606.120 (steel posts) or Item
606.140 (wood posts) except that approved used material may be installed.

3.7 Concrete Barriers.
3.7.1 General.

3.7.11 Concrete barriers shall be supplied as precast units or constructed cast-in-place as specified to the
configuration and details shown on the plans. Portable concrete barrier for traffic control shall be precast units. Minor
deviations in the shape shall be submitted to the Engineer for approval.

3.7.1.1.1 Concrete barrier shall conform to the following tolerances:
A. Cross-sectional dimensions shall not vary from the dimensions specified by more than 1/4 in. (6 mm) and shall not be
out of plumb by more than 1/4 in. (6 mm), except the base which shall not vary by more than 1/2 in. (13 mm).
B. Longitudinal dimensions shall not vary from the dimensions specified by more than 1/4 in. (6 mm) per 10 ft. (3.0 m).
C. Surface straightness irregularities when checked with a 10 ft. (3.0 m) straight edge shall not exceed 1/4 in. (6 mm).

D. Bar Reinforcement cover shall not vary from the dimensions specified by more than 1/2 in. (13 mm).
3.7.1.2 Sections of barrier shall be uniform in color and in good condition, free from cracked or spalled surfaces.

3.7.1.3  The layout and placement of the concrete barriers shall be to the alignment and elevations shown on the plans
or as directed. Before any concrete or precast barrier may be placed, the subbase shall be compacted to 95% density in
accordance with the applicable tests as specified in 304.3 and fine graded to a tolerance of £ 1/2 in. (13 mm) of the true grade
at any location under the barrier. Whenever possible, as determined by the Engineer, concrete placing operations shall not
begin until the subbase has been fine graded ahead at least 1,000 ft. (300 m).

3.7.14 All concrete barriers shall include retroreflectorized delineators, white or yellow, placed in accordance with
the Standard Plans.

3.7.1.5  Concrete shall contain corrosion inhibitor (calcium nitrate) admixture added at the rate of 4 gallons per cubic
yard (20 liters per cubic meter).

3.7.1.6 Form work shall be in accordance with 520.3.2, externally braced in like new condition without any
projections or depressions which would detract from the required finish. Proper care and precautions shall be exercised in
removing forms to ensure no damage results to the finished surface of the barrier.

3.7.17 Reinforcing steel shall be placed in accordance with 544.

3.7.18 Concrete Class F in accordance with 520 may be substituted for aggregate base course and hot bituminous
pavement in the patching on the roadway side of concrete barrier. Concrete thickness shall be not less than that of the adjacent
pavement.

3.7.19 Concrete barrier, except portable concrete barrier for traffic control, shall receive a Class 1, Ordinary Finish
in accordance with 520.3.12.
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3.7.1.10  Water repellent (Silane/Siloxane) shall be applied to concrete barrier, except portable concrete barrier for
traffic control, in accordance with 534.3.

3.7.1.11 Defects are divided into two categories, minor defects and major defects. Minor defects in the barrier may be
repaired in the field. Major defects shall be cause for rejection of the section, or the section shall be repaired in the manner
directed by the Engineer.

3.7.1.11.1 Minor defects are defined as holes, honeycombing or spalls which are 6 in. (150 mm) or less, in diameter,
and which do not expose the outermost surface of the steel reinforcement. Surface voids 3/8 in. (10 mm), or less, in diameter
and 3/8 in. (10 mm), or less, in depth are not considered defects and they do not require repair.

3.7.1.11.2 Major defects are defined as, any defect which does not meet the definition of a minor defect or minor
defects which, in aggregate, comprise more than 2% of the surface area of the barrier section.

3.7.1.12 Repair of hardened concrete shall be as follows:

A. Minor Defect Repair. Repair shall be made with a Fast Set Non-shrink Patching Mortar appearing on the Qualified
Products List. Methods of repair shall be acceptable to the Engineer. The color of the repaired portion shall match as
nearly as practicable, the color of the surrounding concrete. Repaired portions shall exactly match shape
requirements.

B. Major Defect Repair. Major defect repair methods shall be pre-approved by the Engineer.

3.7.2 Cast-in-Place Barriers. Cast-in-place barriers shall be constructed by either the “fixed forms™ or “extrusion or
slip form” method or a combination, at the Contractor’s option.

3.7.21 General.

3.7.2.1.1  Contraction joints shall be formed or saw cut normal to the pavement. The spacing shall be every 20 ft. (6
m), as shown on the plans or as ordered by the Engineer. The joints shall conform to the dimensions as shown on the plans or
standard sheets. If the joints are saw cut, they shall be saw cut so no damage to the concrete will result, within a maximum
time of 8 hours. If sawing or forming joints is performed before the concrete has hardened, the adjacent portions of the barrier
shall be supported firmly with close fitting shields. The liquid curing compound, if used, shall be reapplied at the saw cut.

3.7.2.1.2  Expansion joints shall be formed normal to the pavement with Preformed Expansion Joint Filler and shall
provide for expansion of 1/2 in. (13 mm). The filler material shall be cut to conform to the cross section of the barrier.

3.7.2.1.2.1  The expansion joints shall be located at all immovable objects (bridge substructures, etc.), where shown on
the plans, and/or as directed by the Engineer. Expansion joints shall not be required at regular intervals unless shown on the
plans.

3.7.2.2 Fixed Forms Barrier.

3.7.2.2.1  Forms and subbase shall be thoroughly moistened in conformance to 520.3. Care shall be taken that form
construction has been completed, embedment of required materials placed and removal of all foreign materials completed
before the concrete is placed.

3.7.2.2.2  Concrete shall be placed in its final position. Excessive movement of concrete by use of vibrators will not be
permitted.

3.7.2.2.3  Concrete shall not be dropped a distance of more than 5 ft. (1.5 m) unless contained within a tremie, elephant
trunk or other approved system.
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3.7.2.2.4  Concrete shall be consolidated as provided in 520.3.5.4 by means of high frequency internal vibrators within
15 minutes after it is deposited in the forms. Vibrators shall not be attached to, or held against the forms or the reinforcing
steel. Care shall be taken to avoid the displacement of reinforcement.

3.7.225 In the event of an emergency where placement continuity is affected, the Engineer will decide if a
construction joint will be allowed and will direct the Contractor as to the location and manner in which the joint is to be
constructed.

3.7.2.2.6  Concrete shall be cured in compliance with 520.3.10.1. Forms shall not be removed for a period of 3 days or
as directed.

3.7.3 Precast Barriers.

3.73.1 Fabrication of precast units shall be performed by an approved commercial precasting plant. The provisions
of 105.10 and 106.05 shall apply.

3.7.3.2 Fabrication inspection of the precast barrier will be performed by the Department. A concrete mix design
shall be prepared by the manufacturer and approved by the Bureau of Materials and Research prior to fabrication. The
Contractor shall notify the Engineer at least 72 hours before casting barriers so that the necessary arrangements may be made
for the Engineer to be present for inspection of the casting. The casting date shall be shown on the bottom of each section.

3.7.3.3 The length of individual precast sections shall not exceed 20 ft. (6.1 m) unless otherwise permitted. The
length of individual sections of any one run shall be approximately the same. Precasting tolerance will allow no variations of
more than 1/4 in. (6 mm) in any plan dimension.

3.7.34 Unless shown on the plans, the Contractor's proposed method for joining and anchoring the sections shall be
submitted for approval. Steel shapes exposed to weathering shall be galvanized.

3.7.35 Compaction of the concrete into a dense uniform mass shall be accomplished by internal vibration to provide
a smooth surface relatively free of voids. External vibration may be used when permitted.

3.7.3.6 Care shall be taken to ensure that inserts including reinforcing steel remain in their proper locations. Ends of
the individual sections shall be smooth and perpendicular to the top surfaces.

3.7.3.7 Curing. Concrete shall be water cured in compliance with 520. Water cured barrier shall not be shipped
until the barrier has cured a minimum of 7 days. Steam curing of barriers shall be as follows:

3.7.3.7.1  Furnish sufficient canvas and framework or other type of housing to completely enclose the concrete barrier
sections so that the curing temperatures can be controlled.

3.7.3.7.2  Live steam shall be introduced into the enclosure through a series of steam jets which shall be evenly spaced
within the enclosure. In no case shall the steam jet impinge directly on the concrete formwork.

3.7.3.7.3  The initial set of the concrete shall take place before steam is applied.

3.7.3.7.4  The steam shall be maintained at 100 percent relative humidity to prevent loss of moisture and to provide
excess moisture for proper hydration of the cement.

3.7.3.7.5  During the application of the steam, the ambient air temperature shall increase at a rate not to exceed 40 °F
(20 °C) per hour until a temperature of 160 °F (70 °C) is reached. Curing at 160 °F (70 °C) shall continue until concrete test
cylinders, prepared at the time of placing, and cured under the same temperature and moisture conditions have attained 80
percent of the expected compressive strength.

3.7.3.7.6  Necessary equipment for testing the cylinders shall be available at the fabricator's plant unless otherwise
permitted.
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3.7.3.7.7  When discontinuing steam, the ambient air temperature shall not decrease at a rate exceeding 40 °F (22 °C)
per hour until the temperature has reached 20 °F (10 °C) above the temperature of the air to which the concrete will be exposed.

3.7.3.7.8  The concrete shall not be exposed to temperatures below freezing for 6 days after casting.

3.7.3.7.9  The precast barrier shall not be moved until 24 hours after casting. The precast sections must be in the
position and location for curing prior to removing forms. The lifting hooks shall not be used to move the barrier until curing is
complete. Handling shall at all times be performed in a manner to prevent damage to the concrete.

3.7.4 Portable concrete barrier for traffic control. Portable concrete barrier for traffic control may be approved used
barrier. Portable concrete barrier for traffic control shall include relocating the barriers on the project as well as transporting
the barriers to and from the project.

3.8  Handrail.
3.8.1 Fabricate handrails to the dimensions and details shown on the plans.
3.8.11 Top railing shall be continuous throughout entire length of railing, except as noted in 3.8.4.

3.8.1.2 Interconnect handrail members by butt-welding or welding with internal fittings. Welding shall conform to
ANSI/AWS D1.1 Chapter 10, Tubular Structures. At tee and cross connections notch ends of intersecting members to fit
contour of pipe to which end is joined and weld all around.

3.8.1.3 Form simple and compound curves by bending pipe in jigs to produce uniform curvature. Maintain
cylindrical cross-section of pipe throughout entire bend without buckling, twisting, cracking or otherwise deforming exposed
surfaces of pipe.

3.8.2  The Contractor shall Install the pipe and hardware for handrail as shown or ordered.

3821 Anchor posts in preset sleeves or drilled holes. Sleeves or holes shall be not less than 12 in. (300 mm) deep
with an inside diameter not less than 1/2 in. (13 mm) greater than the outside diameter of the post. Sleeves shall have a steel
plate closure welded to the bottom and a friction fit, removable cover designed to keep the sleeve clean and hold the 1/2 in. (13
mm) below the finished surface of concrete or mortar rubble masonry.

3.8.2.2 Set handrail accurately in location, alignment and elevation with edges and surfaces level, plumb and true.
Fill annular space between posts and sleeve or holes with grout.

3.8.3 Damage to galvanized surfaces during erection shall be repaired by cleaning the damaged area as specified in
550.3.17.2, pretreating as specified in 550.3.17.7 and painting with 2 coats of zinc-rich primer. The second coat shall not be
applied until the first coat has been approved.

3.8.4  Provide slip joint expansion joints, at intervals not to exceed 40 ft. (12 m), located within 6 in. (150 mm) of posts.
Slip joint shall be formed with an internal sleeve extending 2 in. (50 mm) beyond the joint on either side with the sleeve
securely fastened to one side.

3.8.5 Handrail shall be installed in a timely manner to ensure pedestrian safety.

Method of Measurement

4.1  The accepted quantities of guardrail, new, temporary or reset, will be measured either by the unit or by the linear foot
(linear meter) to the nearest 0.1 of a foot (meter), as follows:

4.1.1 Corrugated beam guardrail indicated as “standard section” and Terminal Section Type E-2 will be measured by
the linear foot (linear meter) as shown on the plans.
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41.1.1 Terminal units will each be measured by the unit, except E-2 as noted above.

4.1.2 Wood guardrail, pipe guardrail and double faced beam guardrail will be measured from end to end of rail by the
linear foot (linear meter), unless otherwise shown on the plans.

4.1.3 Handrail will be measured from end to end of rail by the linear foot (linear meter), to the nearest 0.1 of a foot
(meter).

4.2 Anchorages shown on the plans as integral parts of terminal units or sections paid for by the unit will not be measured
separately; other anchorages as specified, both new and reset, will be measured by the number of units installed.

4.3  Measurement of the temporary beam guardrail and temporary terminal units of the type specified will be in
accordance with 4.1.

4.4  The accepted quantities of concrete barrier, permanent or portable for traffic control, will be measured by the linear
foot (linear meter) as follows:

4.4.1 Permanent concrete barrier will be measured by the foot (meter) to the nearest 0.1 of a foot (meter) from end to
end along the top of the barrier section.

4.4.2 Portable concrete barrier for traffic control will be measured by the linear foot (linear meter) for barrier delivered
and installed for use on the project. Relocating portable concrete barriers on the project will not be measured for payment.

4.1.3 Steel beam for beam guardrail, including hardware will be measured by the linear foot.
4.1.4 Post replacements and assemblies for beam guardrail posts will be measured by the each.

4.5  Delineators will be measured in accordance with 621. Delineators required for temporary guardrail and portable
concrete barrier for traffic control will not be measured.

4.7 Temporary Impact Attenuation devices for traffic control will be measured by the unit. No separate measurement will
be made for any materials necessary to connect the impact attenuation device to the concrete barrier or guardrail. No
measurement will be made for the initial concrete pad or base materials required for proper installation. Relocating impact
attenuation devices for traffic control on the project will not be measured.

Basis of Payment

5.1  The accepted quantities per linear foot (linear meter) for guardrail, concrete barrier, and E-2 terminal units will be
paid for at the Contract unit price per linear foot (meter) for guardrail complete and in place.

5.1.1 The accepted quantities for terminal units, bridge approach units, anchorages other than anchorages included with
terminal units, for all types specified, will be paid for at the Contract unit price for units complete and in place.

5.2  New material required for resetting guardrail, other than that damaged due to the Contractor's negligence, will be paid
for as provided in 109.04.

5.3  The accepted quantity of permanent concrete barrier of the type specified and portable concrete barrier for traffic
control will be paid for at the Contract unit price per linear foot (linear meter).

5.3.1 Relocating the barriers on the project and transporting the barriers to and from the project will be subsidiary.
5.3.2 Mortar for patching joints between units on permanent concrete barriers when required will be subsidiary.

5.3.3 Miscellaneous steel for connecting individual units or end units will be subsidiary.
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5.3.4 Hot bituminous pavement placed adjacent to the concrete barrier for a maximum width of 1 ft. (300 mm) will be
paid for as Item 403.12. Concrete Class A substituted for aggregate base course and hot bituminous pavement will be paid for
as Item 403.12 at 2.0 tons (metric tons) per cubic yard (cubic meter).

5.3.5 Water repellent required on concrete barrier will be subsidiary.

5.4  The accepted quantity of handrail will be paid for at the Contract unit price per linear foot (linear meter) complete in

place.

5.4.1 Grout will be subsidiary to handrail.

5.5  Delineators will be paid for in accordance with 621, except delineators required for temporary guardrail and portable
concrete barrier for traffic control will be subsidiary.

5.7  Impact attenuation devices (redirective or non-redirective), test level 2 or 3 as required will be paid for at the Contract
unit price per unit complete in place.

5.7.1  All excavation and materials necessary to install and connect the temporary impact attenuation device to traffic
control barrier will be subsidiary.

5.7.2 The intial concrete pad for the temporary impact attneuation device shall be subsidiary. The concrete pad for
subsequent locations shall be paid as provided for in 109.04. Removal of concrete pads; relocating the temporary impact

attenuators on the project; and transporting to and from the project shall be subsidiary.

5.7.3 Any device or device components damaged by the Contractor’s negligence shall be replaced at the Contractor’s

expense.

5.8 No separate payment will be made for any excavation required except for material classified as rock structure
excavation and will be paid as provided for in 206.

KEY TO ITEM NUMBERS FOR GUARDRAIL ITEMS

Item Number

606.00C
606.01A
606.1A,B,C
606.0001
606.012
606.0031

606.0122
606.014
606.0142
606.1A51
606.1A52
606.1A54
606.1A55
606.1A7
606.1A96

606.21A,B,C
606.402

606.4029
606.411

Description

Beams for Guardrail

Posts for Guardrail

Steel Beam Guardrail (Galvanized)

Steel Beam for Beam Guardrail, Including Hardware

W6x9 Steel Post Replacement for Beam Guardrail

Steel Beam (Thrie Beam) for Beam Guardrail, Including
Hardware

Steel Post Assemblies for Beam Guardrail Posts

6”x 8” Wood Post Replacement for Beam Guardrail

6”x 8” Wood Post Assemblies for Beam Guardrail Posts
Beam Guardrail (Terminal Unit Type MELT)

Beam Guardrail (Terminal Unit Type ELT)

Beam Guardrail (Terminal Unit Type EAGRT 50FT. (15.2m)
Beam Guardrail (Terminal Unit Type EAGRT 25FT. (7.6m)
Beam Guardrail (Terminal Unit Type G-2)

Beam Guardrail (Terminal Section Type E-2)

Double-Faced Steel Beam Guardrail (Galvanized)
Concrete Barrier, Double-Faced

Modified Concrete Median Barrier
Concrete Barrier, Single-Faced, Precast

Unit

Linear Foot (Linear Meter)
Each

Linear Foot (Linear Meter) *
Linear Foot (Linear Meter)
Each

Linear Foot (Linear Meter)

Each
Each
Each
Unit
Unit
Unit
Unit
Unit
Linear Foot (Linear Meter)

Linear Foot (Linear Meter)
Linear Foot (Linear Meter)

Linear Foot (Linear Meter)
Linear Foot (Linear Meter)
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606.412 Concrete Median Barrier, Double-Faced, Precast
606.4129 Modified Concrete Median Barrier, Precast
606.417 Portable Concrete Barrier (For Traffic Control)
606.421 Concrete Barrier, Single-Faced, Cast-in-Place
606.422 Concrete Barrier, Double-Faced, Cast-in-Place
606.4229 Modified Concrete Median Barrier, Cast-in-Place

*Linear foot (linear meter) except that terminal units are by the unit.

A Type of Post

Aluminum, size per plans

Heavy weight steel (W6x15.5)

Open

Aluminum or steel -- Contractor's option, size per plans

0 Open

1 Light weight steel (S3x5.7)

2 Medium weight steel (W6x8.5)

3 Open

4 6 in. x 8 in. (150 by 200 mm) wood
5 Open

6

7

8

9

B Post Spacing or Type of Unit (Spacing of terminal

units is standardized on the plans)

“Standard Section” with 6 foot — 3 in. (1905 mm) spacing
Open

Open

Open

Variable: 25 ft. to 6 ft. — 3 in. (7620 to 1905 mm) or
3-1/2 ft. to 1-1/2 in. (1067 to 38 mm)

Open

Open

Terminal Unit G-2

Bridge Approach Unit

A~ wWwNDPEFE O

0 ~N oo

C Rail Material

Steel (galvanized)

Open

Double nested

Thrie Beam

Open

Steel Rubbing Rail (galvanized)
Steel Top Hand Rail (galvanized)
Steel Top Pipe Rail (galvanized)
Open

oO~NO O~ WNEO

Linear Foot (Linear Meter)
Linear Foot (Linear Meter)
Linear Foot (Linear Meter)
Linear Foot (Linear Meter)
Linear Foot (Linear Meter)
Linear Foot (Linear Meter)

Unit
Unit

606.5A, B, C Wood Guardrail Linear Foot (Linear Meter)

A Type of Wood Rail
1 Single 6 in. x 8 in. (150 by 200 mm)
2 Double 6 in. x 8 in. (150 by 200 mm)
5 Double 4 in. x 6 in. (100 by 150 mm)

B Type of Posts
0 5 ft.-8 in. x 8 in. (1730 by 200 mm) wood
1 6 ft.-6 in. x 8 in. (1980 by 200 mm) wood
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5 ft.- 9 in. (1750 mm) by W6x8.5 steel

5 ft.-9 in. (1750 mm) by W6x15.5 steel

1 foot -5 in. (430 mm) by W6x15.5 steel
2 ft.-5-1/4 in. (740 mm) by W6x15.5 steel

7 7 ft.—6 in. (2290 mm)
8 8 ft.-0 in. (2440 mm)

2
3
4
5
C Post Spacing
606.6A, B, C Handrail
A Type
1 Step
2 Ramp
3 Safety Rail
B Guard Required
0 No Guard
1 With Guard
C Material
1

606.82
606.83
606.91
606.92
606.93
606.9512

606.9513

606.9522

606.9523

Steel

Anchorages for Beam Guardrail

Anchorages for Strong Beam Guardrail

Resetting or Setting Guardrail

Resetting Anchorages

Temporary Beam Guardrail

Temporary Impact Attenuation Device (redirective),

Test Level 2

Temporary Impact Attenuation Device (redirective),

Test Level 3

Temporary Impact Attenuation Device (non- redirective),

Test Level 2

Temporary Impact Attenuation Device (non-redirective),

Test Level 3

SECTION 606

Linear Foot (Linear Meter)

Each
Each
Linear Foot (Linear Meter)
Each
Linear Foot (Linear Meter)
Unit

Unit
Unit

Unit
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SECTION 607 — FENCES
Description

1.1 This work shall consist of the constructing, removing and resetting railings, fences, and gates as shown on the plans or
as ordered. This work shall include furnishing and installing the required electrical grounds.

Materials
2.1 Woven Wire Fence.
2.1.1  Wire shall conform to ASTM A 116, Design No. 1047-12-11. Minimum coating shall meet Class 1.
2.1.2  Steel posts and angle braces shall conform to ASTM A 499 and A 702. Posts shall be galvanized in accordance
with AASHTO M 111. Fittings, hardware and other appurtenances not specifically covered by the plans and specifications
shall be standard commercial grade, manufactured in accordance with current standard practice.

2.1.3 Tie wires and wire clips shall be of equivalent size and coating as specified in 2.1.1.

2.1.4 Gates. Gate posts shall conform to 2.1.2. Wire shall conform to 2.1.1. The frame, center brace, diagonal tension
rod, and hardware shall conform to the standards shown on the plans.

2.2 Chain Link Fence.
2.2.1  Chain link fence shall conform to AASHTO M 181.
2.2.2  Unless otherwise stipulated, fencing material shall be 9 gauge, 2 in. (3.76 mm, 50 mm) mesh, Type Il or Type IV
fabric. The specific diameter for Type IV fabric is the metallic coated diameter and the PVVC coating shall not be used when

determining wire size. All vinyl-coated fabric used on the project shall be the same shade of color called for in the plans.

2221 Fabric up to and including 60 in. (1.5 m) high shall be knuckled at the top and bottom selvages. Fabric over
60 in. (1.5 m) high shall be twisted and barbed on the bottom selvage and knuckled on the top selvage.

2.2.3 Metallic coated steel posts, rails, or gate frames shall conform to AASHTO M 181 Grade 1 or Grade 2.
Miscellaneous fittings and hardware shall conform to AASHTO M 181 Section 29.

2.2.4  Tension bars shall not be less than 0.25 by 0.75 in. (6 by 19 mm).

2.2.5 Wire ties and clips for fastening fabric to posts and top rail shall be of the same material and the same or larger
gauge as the fabric.

2.3 Barbed wire. Barbed wire, unless otherwise specified, shall be fabricated from 2 ply 12-1/2 gauge (2.51 mm), Class
3 zinc-coated steel wire, with 14 gauge (2.03 mm) 4-point barbs spaced not more than 5 in. (130 mm) apart, and shall meet the
requirements of ASTM A 121.

2.4 Additional materials required for resetting railings or fencing or both shall conform in quality and type to the materials
in the existing fence.

2.5 Concrete shall conform to 520.

2.6 Protective coating for contact surfaces of aluminum and concrete shall be either an approved zinc-rich primer, or an
approved bituminous paint meeting FSS TT-C-494.
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Construction Requirements
3.1 General.

3.1.1 The Contractor shall perform such clearing and grubbing as may be necessary to construct the fence to the
required grade and alignment.

3.1.2 At locations where breaks in a run of fencing are required, or at intersections with existing fences, appropriate
adjustment in post spacing shall be made.

3.1.3 The fence shall be permanently connected to the existing fence as shown in the plans or as approved by the
Engineer.

3.1.4 Posts, braces, or anchors shall be embedded in concrete and temporary guys or braces may be required to hold the
posts in proper position until such time as the concrete has set sufficiently to hold the posts. Unless otherwise permitted, no
materials shall be installed on posts or strain placed on guys and bracing set in concrete until 3 days have elapsed from the time
of placing of the concrete.

3.14.1 The portions of aluminum posts which will be in contact with concrete shall be coated both inside and
outside with protective coating to 1 in. (25 mm) above the top of the concrete. The coating shall be allowed to dry for at least
24 hours before the concrete is placed.

3.14.2 In wet areas, when it is impractical to place concrete, steel drive anchor assemblies may be required.

3.1.5 All posts shall be set plumb and firm and to the required grade, spacing, and alignment. Cutting of the posts will
be allowed only with the approval of the Engineer.

3.1.6  When it is necessary to drill into rock to set a steel post, the post may be shortened, provided a minimum length
of 12 in. (300 mm) of post is grouted in the rock.

3.1.7 At each location where an electric transmission, distribution, or secondary line crosses any of the types of metal
fences covered by these specifications, the fence shall be grounded as required by the electric utility company.

3.1.7.1 At locations where electric lines run parallel and in close proximity to metal fences, grounding systems may
be required by the electric utility company.

3.1.8 Where it is impractical to conform the fence to the general contour of the ground, as at ditches, the opening
beneath the fence shall be closed as ordered.

3.1.9  All surplus material and other debris shall be removed.
3.2 Woven Wire Fence.

3.2.1 The wire shall be stretched so that not more than 1/2 of the hump is removed from the horizontal wire. The top
and bottom wire and alternate parallel interior wires shall be fastened at every post in such a manner that each interior wire
shall have a fastening at every other post.

3211 Runs of woven wire fence 600 ft. (180 m) or less in length shall be erected with not more than one splice
between post assemblies. Except as otherwise provided, splicing the wire will be permitted at posts only. Each horizontal
strand of wire shall be wrapped completely around posts at post assemblies and shall be securely fastened by winding the end
of the wire about the same strand where it leads up to the post. Other devices designed specifically to splice fencing wire may
be used when approved. Post assemblies shall be constructed at all corners, ends, gates, at extreme sags or humps in grade, and
at ends of 600 ft. (180 m) lengths of fencing.
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3.3 Chain Link Fence.
3.3.1 The fence shall be erected so that the bottom is between 1 and 2 in. (25 and 50 mm) above the ground.

3311 The top rail shall pass through the post tops to form a continuous brace from end to end of each section of
fence, and shall be securely fastened to the posts at post assemblies by suitable clamps.

3312 Post assemblies as shown on the plans shall be installed at ends, at corners or changes in line where the angle
of deflection is 30 degrees or more, at abrupt changes in vertical grades where pull posts are required, and at gates. Moreover,
at least one post assembly shall be installed for every 500 ft. (150 m) of run.

3.3.13 Braces shall be spaced approximately midway between the top and the ground, and extend to the first line
post. Braces shall be securely fastened to posts by suitable clamps.

3.3.14 Truss rods shall be installed as shown on the plans.
3.3.2  Unless otherwise shown on the plans, when barbed wire is required, arms shall be installed outward.

3.3.3  Fabric shall be fastened to the post with suitable fabric bands, stretcher bar bands, and hook bolts and to the top
rail with tie wires as shown on the plans. The fabric shall be free from sags and bends.

3.3.4 All holes within 2 ft. (600 mm) of the fence shall be filled with suitable approved material and compacted
properly.

3.4  Temporary fence. Fences holding livestock shall be promptly replaced by temporary fencing, with no extra
compensation, during the time between the removal of the old fence and the erection of the new fence. Fencing meeting the
specifications for the project may be used in its permanent location after having been used as temporary fence provided the
fencing has not been damaged.

3.5  Gates. Gates shall be firmly and securely erected in accordance with the recommendations of the manufacturer and as
directed.

3.6  Resetting. The existing railing or fencing shall be carefully removed, transported and reset at the required location.
The reset railing or fencing shall be at least equivalent in strength and appearance to the original railing or fencing. Additional
materials such as fittings or hardware shall be furnished and installed as necessary.

3.7  Barbed wire. The installation of barbed wire along the right-of-way is not allowed (see RSA 236:15).

Method of Measurement

4.1  All fence, new or reset, will be measured by the linear foot (linear meter), to the nearest 0.1 of a foot (meter).
Measurement will be along the top of the fence for each continuous run.

4.1.1 Woven wire fence and chain link fence will be measured from center to center of end posts or gate posts as the
case may be.

4.1.2 Railing reset will be measured from end to end of rail.

4.2 Post assemblies of the kind specified will be measured by the number of units. A unit shall consist of the post and all
its required hardware and anchorages.

4.3  Gates will be measured as complete units of the size and type specified.
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Basis of Payment

5.1  The accepted quantities of fencing of the type specified and of the height required will be paid for at the Contract unit
price per linear foot (linear meter), complete in place. This unit price shall include the cost of furnishing all labor, tools and
equipment to satisfactorily complete the work and shall include excavation, concrete or steel drive anchor assemblies, posts,
hardware, fencing and any repair of material damaged by the Contractor's operation. Gates and post assemblies, complete in
place, shall be paid for as units. Clearing necessary to provide space for erecting the fencing will be paid for as provided under
Item 201.6.

5.1.1 Removing existing fence lines within 1 % feet of the centerline of the new fence shall be subsidiary to the fence
item.

5.2  The accepted quantity of railing or fencing reset will be paid for at the Contract unit price per linear foot (linear meter)
complete in place, except that the cost of furnishing additional materials, including new post concrete embedment, required
through no fault of the Contractor will be paid as provided for in 109.04. Removing old concrete embedment from the posts
will be subsidiary to the resetting item.

Pay items and units :

607 .A BC DE Item Number
A Type of Fence Linear Foot (Linear Meter)
1 = Woven Wire Fence
2 = Chain Link Fence with Aluminum Coated Steel Fabric
3 = Chain Link Fence with Vinyl Coated Steel Fabric
8 = Miscellaneous Fence Types (Iron, Barbed Wire, etc.)

BC Height of Fence (Feet & Inches (m), 10°+ use 1)
DE Width of Gate, (Feet & Inches (m), 10°+ use 1)
607.4B CD 4 = Post Assemblies Each
Type of Fence
B 1 = Woven Wire Fence

2 = Chain Link Fence with Aluminum Coated Steel Fabric
3 = Chain Link Fence with Vinyl Coated Steel Fabric
8 = Miscellaneous Fence Types (Iron, Barbed Wire, etc.)

CD Height of Fence
607.5B CD 5= Wood Fence Linear Foot (Linear Meter)
B 1 = Stockade Screen
2 = Shadowbox
3 = Railing
CD Height of Fence
607.6B C DE 6 = Single Gate Unit
607.7B C DE 7 = Double Gate Unit
Type of Fence
B 1 = Woven Wire Fence

2 = Chain Link Fence with Aluminum Coated Steel Fabric
3 = Chain Link Fence with Vinyl Coated Steel Fabric

5 = Wood Fence

8 = Miscellaneous Fence Types (Iron, Barbed Wire, etc.)

C Height of Fence (Feet & Inches 10+ use 1)
DE Width of Gate
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607.9B CD

B

CD

Examples:

6-42

607.146
607.4308

607.5124
607.72824

607.9304

9 = Resetting (includes gate) Linear Foot (Linear Meter)
Type of Fence
1 = Woven Wire Fence
2 = Chain Link Fence with Aluminum Coated Steel Fabric
3 = Chain Link Fence with Vinyl Coated Steel Fabric
7 = Wood Fence
8 = Miscellaneous Fence Types (Iron, Barbed Wire, etc.)

Height of Fence
Woven Wire Fence 4°-6” High Linear Foot
Post Assemblies for Chain Link Fence with Vinyl Coated Steel Each
Fabric, 8’ High
Stockade Screen, 2.4 M High Linear Meter
Double Gate Chain Link Fence with Aluminum Coated Steel Unit
Fabric, 24> Wide X 8’ High
Resetting Chain Link Fence with Vinyl Coated Linear Foot

Steel Fabric, 4* High
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SECTION 608 -- SIDEWALKS
Description

1.1 This work shall consist of constructing sidewalks of either hot bituminous pavement, or Portland cement concrete,
reinforced when specified. Portland cement concrete sidewalks shall receive a protective coating unless otherwise directed.

Materials
2.1  Base course materials shall conform to the class of materials as specified in the plans.
2.2 Portland cement concrete shall be Class A conforming to 520.
2.2.1 Coarse aggregate shall be standard size #67.
2.2.2 Protective coating shall be Silane/Siloxane conforming to 534.2.2.
2.3 Reinforcement shall conform to 544.2.

2.4 Joint filler shall conform to AASHTO M 213.

2.5  Hot bituminous pavement shall meet the material requirements of 401 except that the composition of mixtures shall
conform to the limits of Table 1.

Table 1 - Composition of Mixtures - Master Ranges English (Metric)

Binder Course Wearing Course
Sieve Size Percentage by Weight Passing
1/2in. (12.5 mm) 95-100
3/8in. (9.5 mm) 90 - 100 98 - 100
No. 4 (4.75 mm) 45 -75 80 - 100
No. 8 (2.36 mm) 32-53 45-70
No. 16(1.180 mm) 22-41 30-51
No. 30 (0.600mm) 14 - 33 21-38
No. 50(0.300 mm) 8-25 13-27
No. 200 (0.075 mm) 2-6 2-6
Asphalt Cement
55-75 6-9

Percent of Mixture

Construction Requirements

3.1 Bituminous Sidewalks.

3.1.1 Subgrade and base course. The subgrade shall be carefully graded and compacted. The base course material
shall be spread and rolled to a smooth surface and to the required cross-section.

3.1.2 General. The plant, mixing methods, and hauling shall conform to the provisions of 401.

3121 The compacted binder course shall be 1 in. (25 mm) less in thickness than the total thickness of the
sidewalks.
3122 The compacted wearing course shall be 1 in. (25 mm) in thickness.
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3.1.3 Placing. The bituminous pavement shall be spread uniformly in two courses as specified above. Each course
shall be rolled with a roller weighing between 500 Ib (230 kg) and 2,000 Ib (900 kg). The finished surface shall be uniform in
appearance, free from irregularities, and shall present a smooth surface. The edges shall be trimmed as directed.

3.1.4 Backfilling. The edges of the sidewalk shall immediately be backfilled as necessary with suitable material
compacted and finished flush with the top of the sidewalk.

3.2  Concrete Sidewalks.

3.2.1 Excavation shall be made to the required depth and to a width that will permit the installation and bracing of the
forms. The foundation shall be shaped and compacted to a firm, even surface conforming to the section shown on the plans.
All soft and yielding material shall be removed and replaced with acceptable material.

3.2.2 Forms shall be of wood or metal and shall extend for the full depth of the concrete. All forms shall be straight,
free from warp, and of sufficient strength to resist the pressure of the concrete without springing. Bracing and staking of forms
shall be such that the forms remain in both horizontal and vertical alignment until their removal.

3.2.3 The foundation and granite curb shall be thoroughly moistened immediately prior to the placing of the concrete.
Any standing water shall be removed before the concrete is placed. The proportioning, mixing, and placing of the concrete
shall be in accordance with 520.3.

3.2.4 Reinforcement in reinforced concrete sidewalk shall be placed at mid-depth or as shown on the plans, using the
methods described in 544.3.

3.2.5 Finishing.

3.25.1 Concrete shall be finished by use of wood, or magnesium floats, by skilled concrete finishers. A fine-grained
broom finish shall be applied to a