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light and be marked "ALERT" in red letters. The light pattern shall be 
disbursed so that it is visible above and below the strobe and from a 90 
degree angle on both sides of the strobe. Strobe flash rate shall be 1 
flash per second and a minimum of 75 candela (actual output after derating 
for tinted lens) based on the UL 1971 test. Strobe shall be semi-flush 
mounted. Where more than two appliances are located in the same room or 
corridor, provide synchronized operation.

2.17.3   Connections

Provide screw terminals for each notification appliance. Terminals shall be 
designed to accept the size conductors used in this project without 
modification.

2.18   ENVIRONMENTAL ENCLOSURES OR GUARDS

Environmental enclosures shall be provided to permit Fire Alarm or Mass 
Notification components to be used in areas that exceed the environmental 
limits of the listing. The enclosure shall be listed for the device or 
appliance as either a manufactured part number or as a listed compatible 
accessory for the UL category that the component is currently listed.  
Guards required to deter mechanical damage shall be either a listed 
manufactured part or a listed accessory for the category of the initiating 
device or notification appliance.

2.19   VALVE MONITOR SWITCHES (TAMPER SWITCHES)

Provide a tamper switch for each fire protection system control valve.  
Tamper switches shall be UL listed as "Extinguishing System Attachment" for 
the location and type of valve supervised. The device shall contain double 
pole, double throw contacts. Operation of the switch shall cause a 
supervisory signal to be transmitted to the FACP upon not more than two 
complete turns of the valve wheel or a closure of 10 percent, whichever is 
less. Tamper switches shall be equipped with screw terminals for each 
conductor.

2.20   WATERFLOW DETECTORS

a.  Provide vane type waterflow detectors for wet pipe sprinkler 
systems. The device shall contain double pole, double throw contacts.  
Equip the detector with a pneumatic time delay, field adjustable from 0 
to 90 seconds. The time delay shall be set initially to 45seconds. The 
device shall be a UL listed extinguishing system attachment rated for 
the particular pressure and location that it is installed. Flow 
switches shall be equipped with screw terminals for each conductor.

b.  Provide pressure type waterflow detectors for dry pipe sprinkler 
systems, pre-action, and deluge systems. Switch shall be equipped with 
equiped to provide a time delay from 0 to 90 second. The device shall 
contain double pole, double throw contacts. The device shall be a UL 
listed extinguishing system attachment rated for the particular 
pressure and location that it is installed. Switch shall be equipped 
with screw terminals for each conductor.
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PART 3   EXECUTION

3.1   SYSTEM FIELD WIRING

3.1.1   Wiring within Cabinets, Enclosures, and Boxes

Provide wiring installed in a neat and workmanlike manner and installed 
parallel with or at right angles to the sides and back of any box, 
enclosure, or cabinet. Conductors that are terminated, spliced, or 
otherwise interrupted in any enclosure, cabinet, mounting, or junction box 
shall be connected to terminal blocks. Mark each terminal in accordance 
with the wiring diagrams of the system. Make connections with approved 
pressure type terminal blocks, that are securely mounted. The use of wire 
nuts or similar devices shall be prohibited. Wiring shall conform to NFPA 70.

3.1.2   Terminal Cabinets

Provide a terminal cabinet at the base of any circuit riser, on each floor 
at each riser, and where indicated on the drawings. Terminal size shall be 
appropriate for the size of the wiring to be connected. Conductor 
terminations shall be labeled and a drawing containing conductors, their 
labels, their circuits, and their interconnection shall be permanently 
mounted in the terminal cabinet. Minimum size is 8 inches by 8 inches.

3.1.3   Alarm Wiring

Provide all wiring in 3/4" minimum size rigid metal conduit or 3/4" minimum 
size intermediate metal conduit. Voltages shall not be mixed in any 
junction box, housing, or device, except those containing power supplies 
and control relays. Electrical metallic tubing conduit is acceptable in dry 
locations not enclosed in concrete or where not subject to mechanical 
damage. Conceal conduit in finished areas of new construction and wherever 
practicable in existing construction. The use of flexible conduit not 
exceeding a 6 foot length shall be permitted in initiating device circuits. 
Run conduit or tubing concealed unless specifically shown otherwise on the 
drawings. Shielded wiring shall be utilized where recommended by the 
manufacturer. For shielded wiring, the shield shall be grounded at only one 
point, that shall be in or adjacent to the FACP. Pigtail or T-tap 
connections to signal line circuits, initiating device circuits, 
supervisory alarm circuits, and notification appliance circuits are 
prohibited. T-tapping using screw terminal blocks is allowed for Style 5 
addressable systems. Color coding is required for circuits and shall be 
maintained throughout the circuit. Conductors used for the same functions 
shall be similarly color coded. Wiring shall conform to NFPA 70.

3.1.4   Conductor Terminations

Labeling of conductors at terminal blocks in terminal cabinets, FACP, and 
remote fire alarm control units shall be provided at each conductor 
connection. Each conductor or cable shall have a shrink-wrap label to 
provide a unique and specific designation. Each terminal cabinet, FACP, and 
fire alarm control unit shall contain a laminated drawing that indicates 
each conductor, its label, circuit, and terminal. The laminated drawing 
shall be neat, using 12 point lettering minimum size, and mounted within 
each cabinet, panel, or unit so that it does not interfere with the wiring 
or terminals. Maintain existing color code scheme where connecting to 
existing equipment.
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3.2   CONNECTION OF NEW SYSTEM

The following new system connections shall be made during the last phase of 
construction, at the beginning of the preliminary tests. New system 
connections shall include:

a.  Connection of new control modules to existing magnetically held 
smoke door (hold-open) devices.

b.  Connection of new system transmitter to existing base fire 
reporting system.

Once these connections are made, system shall be left energized and new 
audio/visual devices deactivated. Report immediately to the Contracting 
Officer, coordination and field problems resulting from the connection of 
the above components.

3.3   FIRESTOPPING

Provide firestopping for holes at conduit penetrations through floor slabs, 
fire rated walls, partitions with fire rated doors, corridor walls, and 
vertical service shafts in accordance with Section 07 84 00 FIRESTOPPING.

3.4   PAINTING

Paint exposed electrical, fire alarm conduit, and surface metal raceway to 
match adjacent finishes in exposed areas. Paint junction boxes conduit and 
surface metal raceways red in unfinished areas. Painting shall comply with 
Section 09 90 00 PAINTS AND COATINGS.

3.5   FIELD QUALITY CONTROL

3.5.1   Testing Procedures

Detailed test procedures, prepared and signed by a Registered Professional 
Engineer or a NICET Level 4 Fire Alarm Technician, and signed by 
representative of the installing company, for the fire detection and alarm 
system 60 days prior to performing system tests. Detailed test procedures 
shall list all components of the installed system such as initiating 
devices and circuits, notification appliances and circuits, signaling line 
devices and circuits, control devices/equipment, batteries, transmitting 
and receiving equipment, power sources/supply, annunciators, special hazard 
equipment, emergency communication equipment, interface equipment, Guard's 
Tour equipment, and transient (surge) suppressors. Test procedures shall 
include sequence of testing, time estimate for each test, and sample test 
data forms. The test data forms shall be in a check-off format (pass/fail 
with space to add applicable test data) and shall be used for the 
preliminary testing and the acceptance testing. The test data forms shall 
record the test results and shall:

a.  Identify the NFPA Class and Style of all Initiating Device Circuits 
(IDC), Notification Appliance Circuits (NAC), Voice Notification 
System, and Signaling Line Circuits (SLC).

b.  Identify each test required by NFPA 72 Test Methods and required 
test herein to be performed on each component, and describe how this 
test shall be performed.

c.  Identify each component and circuit as to type, location within the 
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facility, and unique identity within the installed system. Provide 
necessary floor plan sheets showing each component location, test 
location, and alphanumeric identity.

d.  Identify all test equipment and personnel required to perform each 
test (including equipment necessary for testing smoke detectors using 
real smoke).

e.  Provide space to identify the date and time of each test. Provide 
space to identify the names and signatures of the individuals 
conducting and witnessing each test.

3.5.2   Tests Stages

a.  Preliminary Testing (Contractor Test): Conduct preliminary tests to 
ensure that devices and circuits are functioning properly. Tests shall 
meet the requirements of paragraph entitled "Minimum System Tests." 
After preliminary testing is complete, provide a letter certifying that 
the installation is complete and fully operable. The letter shall state 
that each initiating and indicating device was tested in place and 
functioned properly. The letter shall also state that panel functions 
were tested and operated properly. The letter shall include the names 
and titles of the witnesses to the preliminary tests. The Contractor 
and an authorized representative from each supplier of equipment shall 
be in attendance at the preliminary testing to make necessary 
adjustments.

b.  Request for Formal Inspection and Tests: When tests have been 
completed and corrections made, submit a signed, dated certificate with 
a request for formal inspection.

c.  Final Testing: Notify the Contracting Officer in writing when the 
system is ready for final acceptance testing. Submit request for test 
at least72 hours prior to the test date. The tests shall be performed 
in accordance with the approved test procedures in the presence of the 
Contracting Officer. Furnish instruments and personnel required for the 
tests. A final acceptance test will not be scheduled until the 
operation and maintenance (O&M) manuals are furnished to the 
Contracting Officer and the following are provided at the job site:

(1)  The systems manufacturer's technical representative

(2)  Marked-up red line drawings of the system as actually 
installed

(3)  Megger test results

(4)  Loop resistance test results

(5)  Complete program printout including input/output addresses

The final tests shall be witnessed by the Contracting Officer and AHJ or SH 
Sr. Fire Protection Specialists. At this time, any and all required tests 
shall be repeated at their discretion. Following acceptance of the system, 
as-built drawings and O&M manuals shall be delivered to the Contracting 
Officer for review and acceptance.  
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3.5.3   Minimum System Tests

Test the system in accordance with the procedures outlined in NFPA 72, 
ISO 7240-16, IEC 60268-16. The required tests are as follows:

a.  Megger Tests: After wiring has been installed, and prior to making 
any connections to panels or devices, wiring shall be megger tested for 
insulation resistance, grounds, and/or shorts. Conductors with 300 volt 
rated insulation shall be tested at a minimum of 250 VDC. Conductors 
with 600 volt rated insulation shall be tested at a minimum of 500 VDC. 
The tests shall be witnessed by the Contracting Officer and test 
results recorded for use at the final acceptance test.

b.  Loop Resistance Tests: Measure and record the resistance of each 
circuit with each pair of conductors in the circuit short-circuited at 
the farthest point from the circuit origin. The tests shall be 
witnessed by the Contracting Officer and test results recorded for use 
at the final acceptance test.

c.  Verify the absence of unwanted voltages between circuit conductors 
and ground. The tests shall be accomplished at the preliminary test 
with results available at the final system test.

d.  Verify that the control unit is in the normal condition as detailed 
in the manufacturer's O&M manual.

e.  Test each initiating and indicating device and circuit for proper 
operation and response at the control unit. Smoke sensors shall be 
tested in accordance with manufacturer's recommended calibrated test 
method. Use of magnets is prohibited. Testing of duct smoke detectors 
shall comply with the requirements of NFPA 72.

f.  Test the system for specified functions in accordance with the 
contract drawings and specifications and the manufacturer's O&M manual.

g.  Test both primary power and secondary power. Verify, by test, the 
secondary power system is capable of operating the system for the time 
period and in the manner specified.

h.  Determine that the system is operable under trouble conditions as 
specified.

i.  Visually inspect wiring.

j.  Test the battery charger and batteries.

k.  Verify that software control and data files have been entered or 
programmed into the FACP. Hard copy records of the software shall be 
provided to the Contracting Officer.

l.  Verify that red-line drawings are accurate.

m.   Measure the current in circuits to ensure there is the calculated 
spare capacity for the circuits.

n.  Measure voltage readings for circuits to ensure that voltage drop 
is not excessive.

o.  Disconnect the verification feature for smoke sensors during tests 
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to minimize the amount of smoke needed to activate the sensor. Testing 
of smoke sensors shall be conducted using real smoke. The use of canned 
smoke is prohibited.

p.  Measure the voltage drop at the most remote  appliance (based on 
wire length) on each notification appliance circuit.

q.  Audibility Intelligibility testing of the Voice Evacuation 
Notification System shall be accomplished iaw NFPA 72 for Voice 
Evacuation Systems, IEC 60268-16, and ASA S3.2.

r.  Opening the circuit at not less than 25% of alarm initiating 
devices and notification appliances to test the wiring supervisory 
feature.

s.  Demonstrate modem communications with remote sites as specified by 
the COR. Dial in capability shall also, be demonstrated, using 
specified security.

t.  Demonstrate fiber optic communications with remote sites as 
specified by the COR. Dial in capability shall also, be demonstrated, 
using specified security.

3.6   INSTRUCTION OF GOVERNMENT EMPLOYEES

3.6.1   Instructor

Include in the project the services of an instructor, who has received 
specific training from the manufacturer for the training of other persons 
regarding the inspection, testing, and maintenance of the system provided.  
The instructor shall train the Government employees designated by the 
Contracting Officer, in the care, adjustment, maintenance, and operation of 
the fire alarm and fire detection system. Each instructor shall be 
thoroughly familiar with all parts of this installation. The instructor 
shall be trained in operating theory as well as in practical O&M work.

3.6.2   Required Instruction Time

Provide 8 hours of instruction after final acceptance of the system. The 
instruction shall be given during regular working hours on such dates and 
times as are selected by the Contracting Officer. The instruction may be 
divided into two or more periods at the discretion of the Contracting 
Officer. The training shall allow for rescheduling for unforeseen 
maintenance and/or fire department responses.

3.6.3   Technical Data and Computer Software

Provide, in manual format, lesson plans, operating instructions, 
maintenance procedures, and training data for the training courses. The 
operations training shall familiarize designated government personnel with 
proper operation of the installed system. The maintenance training course 
shall provide the designated government personnel adequate knowledge 
required to diagnose, repair, maintain, and expand functions inherent to 
the system.

       -- End of Section --
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SECTION 31 23 00.00 20

EXCAVATION AND FILL
04/06

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced. The publications are referred to in the text by the 
basic designation only.

AMERICAN WATER WORKS ASSOCIATION(AWWA)

AWWA C600 (2005) Installation of Ductile-Iron Water 
Mains and Their Appurtenances

AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI)

ANSI Z535.1 (2006) Standard for Safety Color Code

ASTM INTERNATIONAL (ASTM)

ASTM C 136 (2005) Sieve Analysis of Fine and Coarse 
Aggregates

ASTM D 1140 (2000) Amount of Material in Soils Finer 
than the No. 200 (75-micrometer) Sieve

ASTM D 1556 (2000) Density and Unit Weight of Soil in 
Place by the Sand-Cone Method

ASTM D 1557 (2002e1) Laboratory Compaction 
Characteristics of Soil Using Modified 
Effort (56,000 ft-lbf/cu. ft. (2,700 
kN-m/cu.m.))

ASTM D 2216 (2005) Laboratory Determination of Water 
(Moisture) Content of Soil and Rock by Mass

ASTM D 2321 (2005) Underground Installation of 
Thermoplastic Pipe for Sewers and Other 
Gravity-Flow Applications

ASTM D 2487 (2000) Soils for Engineering Purposes 
(Unified Soil Classification System)

ASTM D 2922 (2004) Density of Soil and Soil-Aggregate 
in Place by Nuclear Methods (Shallow Depth)

ASTM D 3017 (2004) Water Content of Soil and Rock in 
Place by Nuclear Methods (Shallow Depth)

ASTM D 4318 (2000) Liquid Limit, Plastic Limit, and 
Plasticity Index of Soils

ASTM D 4829 (2003) Expansion Index of Soils

SECTION 31 23 00.00 20  Page 1



NASA/DFRC - FACILITIES SUPPORT CENTER, EDM-1703
FINAL SUBMITTAL

U.S. ARMY CORPS OF ENGINEERS (USACE)

EM 385-1-1 (2003) Safety -- Safety and Health 
Requirements

U.S. ENVIRONMENTAL PROTECTION AGENCY (EPA)

EPA 530/F-93/004 (1993; Rev O; Updates I, II, IIA, IIB, and 
III) Test Methods for Evaluating Solid 
Waste (Vol IA, IB, IC, and II) (SW-846)

EPA 600/4-79/020 (1983) Methods for Chemical Analysis of 
Water and Wastes

1.2   DEFINITIONS

1.2.1   Capillary Water Barrier

A layer of clean, poorly graded crushed rock, stone, or natural sand or 
gravel having a high porosity which is placed beneath a building slab with 
or without a vapor barrier to cut off the capillary flow of pore water to 
the area immediately below a slab.

1.2.2   Degree of Compaction

Degree of compaction is expressed as a percentage of the maximum density 
obtained by the test procedure presented in ASTM D 1557, for general soil 
types, abbreviated as percent laboratory maximum density.

1.2.3   Hard Materials

Weathered rock, dense consolidated deposits, or conglomerate materials 
which are not included in the definition of "rock" but which usually 
require the use of heavy excavation equipment, ripper teeth, or jack 
hammers for removal.

1.2.4   Rock

Solid homogeneous interlocking crystalline material with firmly cemented, 
laminated, or foliated masses or conglomerate deposits, neither of which 
can be removed without systematic drilling and blasting, drilling and the 
use of expansion jacks or feather wedges, or the use of backhoe-mounted 
pneumatic hole punchers or rock breakers; also large boulders, buried 
masonry, or concrete other than pavement exceeding 1/2 cubic yard in 
volume. Removal of hard material will not be considered rock excavation 
because of intermittent drilling and blasting that is performed merely to 
increase production.

1.2.5   Pile Supported Structure

As used herein, a structure where both the foundation and floor slab are 
pile supported.

1.3   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for Contractor Quality Control 
approval. The following shall be submitted in accordance with Section 
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01 33 00 SUBMITTAL PROCEDURES:

SD-01 Preconstruction Submittals

Shoring and Sheeting Plan  G
Dewatering work plan  G

Submit 15 days prior to starting work.

SD-06 Test Reports

Borrow Site Testing; G
Fill and backfill test
Density tests
Moisture Content Tests

Copies of all laboratory and field test reports within 24 hours of the 
completion of the test.

1.4   DELIVERY, STORAGE, AND HANDLING

Perform in a manner to prevent contamination or segregation of materials.

1.5   CRITERIA FOR BIDDING

Base bids on the following criteria:

a.  Surface elevations are as indicated.

b.  Pipes or other artificial obstructions, except those indicated, 
will not be encountered.

c.  Ground water will not be encountered.

d.  Hard materials and rock will not be encountered.

e.  Borrow material in the quantities required is available on the 
project site at the location indicated. 

f.  Blasting will not be permitted. Remove material in an approved 
manner.

1.6   REQUIREMENTS FOR OFF SITE SOIL

Soils brought in from off site for use as backfill shall be tested for TPH, 
BTEX and full TCLP including ignitability, corrosivity and reactivity.  
Backfill shall contain less than 100 parts per million (ppm) of total 
petroleum hydrocarbons (TPH) and less than 10 ppm of the sum of Benzene, 
Toluene, Ethyl Benzene, and Xylene (BTEX) and shall not fail the TCLP test. 
TPH concentrations shall be determined by using EPA 600/4-79/020 Method 
418.1. BTEX concentrations shall be determined by using EPA 530/F-93/004 
Method 5030/8020. TCLP shall be performed in accordance with 
EPA 530/F-93/004 Method 1311. Provide Borrow Site Testing for TPH, BTEX and 
TCLP from a composite sample of material from the borrow site, with at 
least one test from each borrow site. Material shall not be brought on site 
until tests have been approved by the Contracting Officer.
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1.7   QUALITY ASSURANCE

1.7.1   Shoring and Sheeting Plan

Submit drawings and calculations, certified by a registered professional 
engineer, describing the methods for shoring and sheeting of excavations.  
Drawings shall include material sizes and types, arrangement of members, 
and the sequence and method of installation and removal. Calculations shall 
include data and references used.

1.7.2   Dewatering Work Plan

Submit procedures for accomplishing dewatering work.

1.7.3   Utilities

Movement of construction machinery and equipment over pipes and utilities 
during construction shall be at the Contractor's risk. Excavation made with 
power-driven equipment is not permitted within two feet of known 
Government-owned utility or subsurface construction. For work immediately 
adjacent to or for excavations exposing a utility or other buried 
obstruction, excavate by hand. Start hand excavation on each side of the 
indicated obstruction and continue until the obstruction is uncovered or 
until clearance for the new grade is assured. Support uncovered lines or 
other existing work affected by the contract excavation until approval for 
backfill is granted by the Contracting Officer. Report damage to utility 
lines or subsurface construction immediately to the Contracting Officer.

PART 2   PRODUCTS

2.1   SOIL MATERIALS

2.1.1   Satisfactory Materials

Any materials classified by ASTM D 2487 as GW, GP, GM, GP-GM, GW-GM, GC, 
GP-GC, GM-GC, SW, SP, SM, SW-SM, SC, SW-SC free of debris, roots, wood, 
scrap material, vegetation, refuse, soft unsound particles, and 
deleterious, or objectionable materials. Unless specified otherwise, the 
maximum particle diameter shall be one-half the lift thickness at the 
intended location.

2.1.2   Unsatisfactory Materials

Materials which do not comply with the requirements for satisfactory 
materials. Unsatisfactory materials also include man-made fills, trash, 
refuse, or backfills from previous construction. Unsatisfactory material 
also includes material classified as satisfactory which contains root and 
other organic matter, frozen material, and stones larger than 3 inches.  
The Contracting Officer shall be notified of any contaminated materials.

2.1.3   Cohesionless and Cohesive Materials

Cohesionless materials include materials classified in ASTM D 2487 as GW, 
GP, SW, and SP. Cohesive materials include materials classified as GC, SC, 
ML, CL, MH, and CH. Materials classified as GM, GP-GM, GW-GM, SW-SM, SP-SM, 
and SM shall be identified as cohesionless only when the fines are 
nonplastic (plasticity index equals zero). Materials classified as GM and 
SM will be identified as cohesive only when the fines have a plasticity 
index greater than zero.
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2.1.4   Expansive Soils

Soils that have an expansion index (EI) equal to or greater than 20 when 
tested in accordance with ASTM D 4829.

2.1.5   Common Fill

Approved, unclassified soil material with the characteristics required to 
compact to the soil density specified for the intended location.

2.1.6   Backfill and Fill Material

ASTM D 2487, classification GW, GP, GM, SW, SP, SM, with a maximum 
ASTM D 4318 liquid limit of 35, maximum ASTM D 4318 plasticity index of 12, 
and a maximum of 25 percent by weight passing ASTM D 1140, No. 200 sieve.

2.2   UTILITY BEDDING MATERIAL

Except as specified otherwise in the individual piping section, provide 
bedding for buried piping in accordance with AWWA C600, Type 4, except as 
specified herein. Backfill to top of pipe shall be compacted to 95 percent 
of ASTM D 1557 maximum density. Plastic piping shall have bedding to 12 
inches above top of pipe. Provide ASTM D 2321 materials as follows:

a.  Class I:  Angular, 0.25 to 1.5 inches, graded stone, including a 
number of fill materials that have regional significance such as 
coral, slag, cinders, crushed stone, and crushed shells.

b.  Class II:  Coarse sands and gravels with maximum particle size of 
1.5 inches, including various graded sands and gravels containing 
small percentages of fines, generally granular and noncohesive, 
either wet or dry.  Soil Types GW, GP, SW, and SP are included in 
this class as specified in ASTM D 2487.

2.2.1   Sand

Clean, coarse-grained sand classified as SW or SP by ASTM D 2487 for 
bedding and backfill as indicated.

2.2.2   Gravel

Clean, coarsely graded natural gravel, crushed stone or a combination 
thereof having a classification of GW or GP in accordance with ASTM D 2487 
for bedding and backfill as indicated. Maximum particle size shall not 
exceed 3 inches.

2.3   BORROW

Obtain borrow materials required in excess of those furnished from 
excavations from sources outside of Government property. Dispose of 
materials from clearing and grubbing operations off Government property.

2.4   BURIED WARNING AND IDENTIFICATION TAPE

Polyethylene plastic or metallic core or metallic-faced, acid- and 
alkali-resistant, polyethylene plastic warning tape manufactured 
specifically for warning and identification of buried utility lines.  
Provide tape on rolls, 6 inch minimum width, color coded as specified below 

SECTION 31 23 00.00 20  Page 5



NASA/DFRC - FACILITIES SUPPORT CENTER, EDM-1703
FINAL SUBMITTAL

for the intended utility with warning and identification imprinted in bold 
black letters continuously over the entire tape length. Warning and 
identification to read, "CAUTION, BURIED (intended service) LINE BELOW" or 
similar wording. Color and printing shall be permanent, unaffected by 
moisture or soiland shall conform to ANSI Z535.1 with the following color 
code assignments used by organizations such as APWA and NEMA:

Warning Tape Color Codes

                      Red:              Electric Power & Lighting Circuits
                      Yellow:           Gas, Oil, Steam or Gaseous Materials
                      Orange:           Telephone, Signal Lines, Fiber
                                        Optic and Data Communications/Signal
                                        Lines
                      Blue:             Potable Water Systems
                      Purple:           Reclaimed Water Systems
                      Green:            Sanitary Sewer and Drain Systems
                      Gray:             Compressed Air

2.4.1   Warning Tape for Metallic Piping

Acid and alkali-resistant polyethylene plastic tape conforming to the 
width, color, and printing requirements specified above. Minimum thickness 
of tape shall be 0.003 inch. Tape shall have a minimum strength of 1500 psi 
lengthwise, and 1250 psi crosswise, with a maximum 350 percent elongation.

2.4.2   Detectable Warning Tape for Non-Metallic Piping

Polyethylene plastic tape conforming to the width, color, and printing 
requirements specified above. Minimum thickness of the tape shall be 0.004 
inch. Tape shall have a minimum strength of 1500 psi lengthwise and 1250 psi
crosswise. Tape shall be manufactured with integral wires, foil backing, or 
other means of enabling detection by a metal detector when tape is buried 
up to 3 feet deep. Encase metallic element of the tape in a protective 
jacket or provide with other means of corrosion protection.

2.5   DETECTION WIRE FOR NON-METALLIC PIPING

Detection wire shall be insulated single strand, solid copper with a 
minimum of 12 AWG.

PART 3   EXECUTION

3.1   PROTECTION

3.1.1   Shoring and Sheeting

Provide shoring, bracing, sheeting where indicated. In addition to Section 
25 A and B of EM 385-1-1 and other requirements set forth in this contract, 
include provisions in the shoring and sheeting plan that will accomplish 
the following:

a.  Prevent undermining of pavements, foundations and slabs.

b.  Prevent slippage or movement in banks or slopes adjacent to the 
excavation.

c.  Allow for the abandonment of shoring and sheeting materials in 
place in critical areas as the work is completed. In these areas, 
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backfill the excavation to the elevation indicated and remove the 
remaining exposed portion of the shoring before completing the 
backfill.

3.1.2   Drainage and Dewatering

Provide for the collection and disposal of surface and subsurface water 
encountered during construction.

3.1.2.1   Drainage

So that construction operations progress successfully, completely drain 
construction site during periods of construction to keep soil materials 
sufficiently dry. The Contractor shall establish/construct storm drainage 
features (ponds/basins) at the earliest stages of site development, and 
throughout construction. Grade the construction area to provide positive 
surface water runoff away from the construction  activity and/or provide 
temporary ditches, dikes, swales, and other drainage features and equipment 
as required to maintain dry soils, prevent erosion and undermining of 
foundations. When unsuitable working platforms for equipment operation and 
unsuitable soil support for subsequent construction features develop, 
remove unsuitable material and provide new soil material as specified 
herein. It is the responsibility of the Contractor to assess the soil and 
ground water conditions presented by the plans and specifications and to 
employ necessary measures to permit construction to proceed. Excavated 
slopes and backfill surfaces shall be protected to prevent erosion and 
sloughing. Excavation shall be performed so that the site, the area 
immediately surrounding the site, and the area affecting operations at the 
site shall be continually and effectively drained.

3.1.2.2   Dewatering

Groundwater flowing toward or into excavations shall be controlled to 
prevent sloughing of excavation slopes and walls, boils, uplift and heave 
in the excavation and to eliminate interference with orderly progress of 
construction. French drains, sumps, ditches or trenches will not be 
permitted within 3 feet of the foundation of any structure, except with 
specific written approval, and after specific contractual provisions for 
restoration of the foundation area have been made. Control measures shall 
be taken by the time the excavation reaches the water level in order to 
maintain the integrity of the in situ material. While the excavation is 
open, the water level shall be maintained continuously, at least 3 feet 
below the working level.

3.1.3   Underground Utilities

Location of the existing utilities indicated is approximate. The Contractor 
shall physically verify the location and elevation of the existing 
utilities indicated prior to starting construction. The Contractor shall 
scan the construction site with electromagnetic and sonic equipment and 
mark the surface of the ground where existing underground utilities are 
discovered.

3.1.4   Machinery and Equipment

Movement of construction machinery and equipment over pipes during 
construction shall be at the Contractor's risk. Repair, or remove and 
provide new pipe for existing or newly installed pipe that has been 
displaced or damaged.
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3.2   SURFACE PREPARATION

3.2.1   Clearing and Grubbing

Unless indicated otherwise, remove trees, stumps, logs, shrubs, brush and  
vegetation and other items that would interfere with construction 
operations within the indicated project limits. Remove stumps entirely.  
Grub out matted roots and roots over 2 inches in diameter to at least 18 
inches below existing surface.

3.2.2   Unsuitable Material

Remove vegetation, debris, decayed vegetable matter, sod, mulch, and 
rubbish underneath paved areas or concrete slabs.

3.3   EXCAVATION

Excavate to contours, elevation, and dimensions indicated. Reuse excavated 
materials that meet the specified requirements for the material type 
required at the intended location. Keep excavations free from water. 
Excavate soil disturbed or weakened by Contractor's operations, soils 
softened or made unsuitable for subsequent construction due to exposure to 
weather. Excavations below indicated depths will not be permitted except to 
remove unsatisfactory material. Unsatisfactory material encountered below 
the grades shown shall be removed as directed. Refill with backfill and 
fill material and compact to 95 percent of ASTM D 1557 maximum density.  
Unless specified otherwise, refill excavations cut below indicated depth 
with backfill and fill material and compact to 95 percent of ASTM D 1557 
maximum density. Satisfactory material removed below the depths indicated, 
without specific direction of the Contracting Officer, shall be replaced 
with satisfactory materials to the indicated excavation grade; except as 
specified for spread footings. Determination of elevations and measurements 
of approved overdepth excavation of unsatisfactory material below grades 
indicated shall be done under the direction of the Contracting Officer.

3.3.1   Structures With Spread Footings

Ensure that footing subgrades have been inspected and approved by the 
Contracting Officer prior to concrete placement. Fill over excavations with 
concrete during foundation placement.

3.3.2   Pipe Trenches

Excavate to the dimension indicated. Grade bottom of trenches to provide 
uniform support for each section of pipe after pipe bedding placement.  
Tamp if necessary to provide a firm pipe bed. Recesses shall be excavated 
to accommodate bells and joints so that pipe will be uniformly supported 
for the entire length.

3.3.3   Excavated Materials

Satisfactory excavated material required for fill or backfill shall be 
placed in the proper section of the permanent work required or shall be 
separately stockpiled if it cannot be readily placed. Satisfactory material 
in excess of that required for the permanent work and all unsatisfactory 
material shall be disposed of as specified in Paragraph "DISPOSITION OF 
SURPLUS MATERIAL."
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3.4   SUBGRADE PREPARATION

Unsatisfactory material in surfaces to receive fill or in excavated areas 
shall be removed and replaced with satisfactory materials as directed by 
the Contracting Officer. The surface shall be scarified to a depth of 6 
inches before the fill is started. Sloped surfaces steeper than 1 vertical 
to 4 horizontal shall be plowed, stepped, benched, or broken up so that the 
fill material will bond with the existing material. When subgrades are less 
than the specified density, the ground surface shall be broken up to a 
minimum depth of 6 inches, pulverized, and compacted to the specified 
density. When the subgrade is part fill and part excavation or natural 
ground, the excavated or natural ground portion shall be scarified to a 
depth of 12 inches and compacted as specified for the adjacent fill.  
Material shall not be placed on surfaces that are muddy, frozen, or contain 
frost. Compaction shall be accomplished by sheepsfoot rollers, 
pneumatic-tired rollers, steel-wheeled rollers, or other approved equipment 
well suited to the soil being compacted. Material shall be moistened or 
aerated as necessary to provide the moisture content that will readily 
facilitate obtaining the specified compaction with the equipment used.  
Minimum subgrade density shall be as specified herein.

3.5   FILLING AND BACKFILLING

Fill and backfill to contours, elevations, and dimensions indicated. 
Compact each lift before placing overlaying lift.

3.5.1   Common Fill Placement

Provide for general site. Place in 6 inch lifts. Compact areas not 
accessible to rollers or compactors with mechanical hand tampers. Aerate 
material excessively moistened by rain to a satisfactory moisture content.  
Finish to a smooth surface by blading, rolling with a smooth roller, or 
both.

3.5.2   Backfill and Fill Material Placement

Provide for paved areas and under concrete slabs, except where select 
material is provided. Place in 6 inch lifts. Do not place over wet or 
frozen areas. Place backfill material adjacent to structures as the 
structural elements are completed and accepted. Backfill against concrete 
only when approved. Place and compact material to avoid loading upon or 
against the structure.

3.5.3   Backfill and Fill Material Placement Over Pipes and at Walls

Backfilling shall not begin until construction below finish grade has been 
approved, underground utilities systems have been inspected, tested and 
approved, forms removed, and the excavation cleaned of trash and debris.  
Backfill shall be brought to indicated finish grade. Where pipe is coated 
or wrapped for protection against corrosion, the backfill material up to an 
elevation 2 feet above sewer lines and 1 foot above other utility lines 
shall be free from stones larger than 1 inch in any dimension. Heavy 
equipment for spreading and compacting backfill shall not be operated 
closer to foundation or retaining walls than a distance equal to the height 
of backfill above the top of footing; the area remaining shall be compacted 
in layers not more than 4 inches in compacted thickness with power-driven 
hand tampers suitable for the material being compacted. Backfill shall be 
placed carefully around pipes to avoid damage to coatings or wrappings.  
Backfill shall not be placed against foundation walls prior to 7 days after 
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completion of the walls. As far as practicable, backfill shall be brought 
up evenly on each side of the wall and sloped to drain away from the wall.

3.5.4   Trench Backfilling

Backfill as rapidly as construction, testing, and acceptance of work 
permits. Place and compact backfill under structures and paved areas in 6 
inch lifts to top of trench and in 6 inch lifts to one foot over pipe 
outside structures and paved areas.

3.6   BORROW

Where satisfactory materials are not available in sufficient quantity from 
required excavations, approved borrow materials shall be obtained as 
specified herein.

3.7   BURIED WARNING AND IDENTIFICATION TAPE

Provide buried utility lines with utility identification tape. Bury tape 12 
inches below finished grade; under pavements and slabs, bury tape 6 inches 
below top of subgrade.

3.8   BURIED DETECTION WIRE

Bury detection wire directly above non-metallic piping at a distance not to 
exceed 12 inches above the top of pipe. The wire shall extend continuously 
and unbroken, from manhole to manhole. The ends of the wire shall terminate 
inside the manholes at each end of the pipe, with a minimum of 3 feet of 
wire, coiled, remaining accessible in each manhole. The wire shall remain 
insulated over it's entire length. The wire shall enter manholes between 
the top of the corbel and the frame, and extend up through the chimney seal 
between the frame and the chimney seal. For force mains, the wire shall 
terminate in the valve pit at the pump station end of the pipe.

3.9   COMPACTION

Determine in-place density of existing subgrade; if required density 
exists, no compaction of existing subgrade will be required. Density 
requirements specified herein are for cohesionless materials. When cohesive 
materials are encountered or used, density requirements may be reduced by 5 
percent.

3.9.1   General Site

Compact underneath areas designated for vegetation and areas outside the 5 
foot line of the paved area or structure to 85 percent of ASTM D 1557.  
Compact expansive materials to not less than 85 percent nor more than 90 
percent.

3.9.2   Structures, Spread Footings, and Concrete Slabs

Compact top 12 inches of subgrades to 95 percent of ASTM D 1557. Compact 
fill and backfill material to 95 percent of ASTM D 1557.

3.9.3   Adjacent Area

Compact areas within 5 feet of structures to 90 percent of ASTM D 1557.
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3.9.4   Paved Areas

Compact top 12 inches of subgrades to 95 percent of ASTM D 1557. Compact 
fill and backfill materials to 95 percent of ASTM D 1557.

3.10   FINISH OPERATIONS

3.10.1   Grading

Finish grades as indicated within one-tenth of one foot. Grade areas to 
drain water away from structures. Maintain areas free of trash and debris.  
For existing grades that will remain but which were disturbed by 
Contractor's operations, grade as directed.

3.11   DISPOSITION OF SURPLUS MATERIAL

Remove from Government property surplus or other soil material not required 
or suitable for filling or backfilling, and brush, refuse, stumps, roots, 
and timber.

3.12   FIELD QUALITY CONTROL

3.12.1   Sampling

Take the number and size of samples required to perform the following tests.

3.12.2   Testing

Perform one of each of the following tests for each material used. Provide 
additional tests for each source change.

3.12.2.1   Fill and Backfill Material Testing

Test fill and backfill material in accordance with ASTM C 136 for 
conformance to ASTM D 2487 gradation limits; ASTM D 1140 for material finer 
than the No. 200 sieve; ASTM D 4318 for liquid limit and for plastic limit; 
ASTM D 1557 for moisture density relations, as applicable.

3.12.2.2   Density Tests

Test density in accordance with ASTM D 1556, or ASTM D 2922 and ASTM D 3017. 
When ASTM D 2922 and ASTM D 3017 density tests are used, verify density 
test results by performing an ASTM D 1556 density test at a location 
already ASTM D 2922 and ASTM D 3017 tested as specified herein.  Perform an 
ASTM D 1556 density test at the start of the job, and for every 10 
ASTM D 2922 and ASTM D 3017 density tests thereafter. Test each lift at 
randomly selected locations every 2000 square feet of existing grade in 
fills for structures and concrete slabs, and every 2500 square feet for 
other fill areas and every 2000 square feet of subgrade in cut. Include 
density test results in daily report.

a.  Bedding and backfill in trenches:  One test per 50 linear feet in 
each lift.

3.12.2.3   Moisture Content Tests

In the stockpile, excavation or borrow areas, a minimum of two tests per 
day per type of material or source of materials being placed is required 
during stable weather conditions. During unstable weather, tests shall be 
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made as dictated by local conditions and approved moisture content shall be 
tested in accordance with ASTM D 2216. Include moisture content test 
results in daily report.

       -- End of Section --
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SECTION 32 01 19

FIELD MOLDED SEALANTS FOR SEALING JOINTS IN RIGID PAVEMENTS
08/08

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced. The publications are referred to within the text by the 
basic designation only.

ASTM INTERNATIONAL (ASTM)

ASTM C 509 (2006) Elastomeric Cellular Preformed 
Gasket and Sealing Material

ASTM D 5893 (2004) Cold Applied, Single Component, 
Chemically Curing Silicone Joint Sealant 
for Portland Cement Concrete Pavements

ASTM D 7116 (2005) Standard Specification for Joint 
Sealants, Hot Applied, Jet Fuel Resistant 
Types, for Portland Cement Concrete 
Pavement

ASTM D 789 (2007) Determination of Relative Viscosity 
and Moisture Content of Polyamide (PA)

U.S. GENERAL SERVICES ADMINISTRATION (GSA)

FS SS-S-200 (Rev E; Am 2) Sealant, Joint, 
Two-Component, Jet-Blast-Resistant, 
Cold-Applied, for Portland Cement Concrete 
Pavement

1.2   SYSTEM DESCRIPTION

Machines, tools, and equipment used in the performance of the work required 
by this section shall be approved before the work is started maintained in 
satisfactory condition at all times.

1.2.1   Joint Cleaning Equipment

1.2.1.1   Tractor-Mounted Routing Tool

Provide a routing tool, used for removing old sealant from the joints, of 
such shape and dimensions and so mounted on the tractor that it will not 
damage the sides of the joints. The tool shall be designed so that it can 
be adjusted to remove the old material to varying depths as required. The 
use of V-shaped tools or rotary impact routing devices will not be 
permitted. Hand-operated spindle routing devices may be used to clean and 
enlarge random cracks.

SECTION 32 01 19  Page 1



NASA/DFRC - FACILITIES SUPPORT CENTER, EDM-1703
FINAL SUBMITTAL

1.2.1.2   Concrete Saw

Provide a self-propelled power saw, with water-cooled diamond or abrasive 
saw blades, for cutting joints to the depths and widths specified or for 
refacing joints or cleaning sawed joints where sandblasting does not 
provide a clean joint.

1.2.1.3   Sandblasting Equipment

Include with the sandblasting equipment an air compressor, hose, and 
long-wearing venturi-type nozzle of proper size, shape and opening. The 
maximum nozzle opening should not exceed 1/4 inch. The air compressor shall 
be portable and capable of furnishing not less than 150 cfm and maintaining 
a line pressure of not less than 90 psi at the nozzle while in use.  
Demonstrate compressor capability, under job conditions, before approval.  
The compressor shall be equipped with traps that will maintain the 
compressed air free of oil and water. The nozzle shall have an adjustable 
guide that will hold the nozzle aligned with the joint approximately 1 inch 
above the pavement surface. Adjust the height, angle of inclination and the 
size of the nozzle as necessary to secure satisfactory results.

1.2.1.4   Waterblasting Equipment

Include with the waterblasting equipment a trailer-mounted water tank, 
pumps, high-pressure hose, wand with safety release cutoff control, nozzle, 
and auxiliary water resupply equipment. Provide water tank and auxiliary 
resupply equipment of sufficient capacity to permit continuous operations.  
The nozzle shall have an adjustable guide that will hold the nozzle aligned 
with the joint approximately 1 inch above the pavement surface. Adjust the 
height, angle of inclination and the size of the nozzle as necessary to 
obtain satisfactory results. A pressure gauge mounted at the pump shall 
show at all times the pressure in psi at which the equipment is operating.

1.2.1.5   Hand Tools

Hand tools may be used, when approved, for removing defective sealant from 
a crack and repairing or cleaning the crack faces.

1.2.2   Sealing Equipment

1.2.2.1   Hot-Poured Sealing Equipment

The unit applicators used for heating and installing ASTM D 7116 joint 
sealant materials shall be mobile and shall be equipped with a 
double-boiler, agitator-type kettle with an oil medium in the outer space 
for heat transfer; a direct-connected pressure-type extruding device with a 
nozzle shaped for inserting in the joint to be filled; positive temperature 
devices for controlling the temperature of the transfer oil and sealant; 
and a recording type thermometer for indicating the temperature of the 
sealant. The applicator unit shall be designed so that the sealant will 
circulate through the delivery hose and return to the inner kettle when not 
in use.

1.2.2.2   Two-Component, Cold-Applied, Machine Mix Sealing Equipment

Provide equipment used for proportioning, mixing, and installing FS SS-S-200
Type M joint sealants designed to deliver two semifluid components through 
hoses to a portable mixer at a preset ratio of 1 to 1 by volume using pumps 
with an accuracy of plus or minus 5 percent for the quantity of each 
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component. The reservoir for each component shall be equipped with 
mechanical agitation devices that will maintain the components in a uniform 
condition without entrapping air. Incorporate provisions to permit 
thermostatically controlled indirect heating of the components, when 
required. However, immediately prior to proportioning and mixing, the 
temperature of either component shall not exceed 90 degrees F. Provide 
screens near the top of each reservoir to remove any foreign particles or 
partially polymerized material that could clog fluid lines or otherwise 
cause misproportioning or improper mixing of the two components. Provide 
equipment capable of thoroughly mixing the two components through a range 
of application rates of 10 to 60 gallons per hour and through a range of 
application pressures from 50 to 1500 psi as required by material, 
climatic, or operating conditions. Design the mixer for the easy removal of 
the supply lines for cleaning and proportioning of the components. The 
mixing head shall accommodate nozzles of different types and sizes as may 
be required by various operations. The dimensions of the nozzle shall be 
such that the nozzle tip will extend into the joint to allow sealing from 
the bottom of the joint to the top. Maintain the initially approved 
equipment in good working condition, serviced in accordance with the 
supplier's instructions, and unaltered in any way without obtaining prior 
approval.

1.2.2.3   Two-Component, Cold-Applied, Hand-Mix Sealing Equipment

Mixing equipment for FS SS-S-200 Type H sealants shall consist of a 
slow-speed electric drill or air-driven mixer with a stirrer in accordance 
with the manufacturer's recommendations.

1.2.2.4   Cold-Applied, Single-Component Sealing Equipment

The equipment for installing ASTM D 5893 single component joint sealants 
shall consist of an extrusion pump, air compressor, following plate, hoses, 
and nozzle for transferring the sealant from the storage container into the 
joint opening. The dimension of the nozzle shall be such that the tip of 
the nozzle will extend into the joint to allow sealing from the bottom of 
the joint to the top. Maintain the initially approved equipment in good 
working condition, serviced in accordance with the supplier's instructions, 
and unaltered in any way without obtaining prior approval. Small hand-held 
air-powered equipment (i.e., caulking guns) may be used for small 
applications.

1.3   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for Contractor Quality Control 
approval. Submit the following in accordance with Section 01 33 00 
SUBMITTAL PROCEDURES:

SD-03 Product Data

Manufacturer's Recommendations; G.

Printed copies of manufacturer's recommendations, 7 days prior to 
use on the project, where installation procedures, or any part 
thereof, are required to be in accordance with those 
recommendations. Installation of the material will not be allowed 
until the recommendations are received. Failure to furnish these 
recommendations can be cause for rejection of the material.
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Equipment.

List of proposed equipment to be used in performance of 
construction work including descriptive data, 7 days prior to use 
on the project.

SD-04 Samples

Materials; G.

Samples of the materials (sealant, primer if required, and backup 
material), in sufficient quantity for testing and approval 7 days 
prior to the beginning of work. No material will be allowed to be 
used until it has been approved.

1.4   QUALITY ASSURANCE

1.4.1   Safety

Do not place joint sealant within 25 feet of any liquid oxygen (LOX) 
equipment, LOX storage, or LOX piping. Thoroughly clean joints in this area 
and leave them unsealed.

1.4.2   Test Requirements

Test the joint sealant and backup or separating material for conformance 
with the referenced applicable material specification. The materials will 
be tested by the Government. No material shall be used at the project prior 
to receipt of written notice that the materials meet the laboratory 
requirements. The cost of the first test of samples will be borne by the 
Government. If the samples fail to meet specification requirements, replace 
the materials represented by the sample and test the new materials at the 
Contractor's expense. Perform testing of the materials in an approved 
independent laboratory and submit certified copies of the test reports for 
approval 7 days prior to the use of the materials at the job site.  Samples 
will be retained by the Government for possible future testing should the 
materials appear defective during or after application. Conformance with 
the requirements of the laboratory tests specified will not constitute 
final acceptance of the materials. Final acceptance will be based on the 
performance of the in-place materials.

1.4.3   Trial Joint Sealant Installation

Prior to the cleaning and sealing of the joints for the entire project, 
prepare a test section at least 200 feet long using the specified materials 
and approved equipment, so as to demonstrate the proposed joint preparation 
and sealing of all types of joints in the project. Following the completion 
of the test section and before any other joint is sealed, inspect the test 
section to determine that the materials and installation meet the 
requirements specified. If it is determined that the materials or 
installation do not meet the requirements, remove the materials, and 
reclean and reseal the joints at no cost to the Government. When the test 
section meets the requirements, it may be incorporated into the permanent 
work and paid for at the contract unit price per linear foot for sealing 
items scheduled. Prepare and seal all other joints in the manner approved 
for sealing the test section.
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1.5   DELIVERY, STORAGE, AND HANDLING

Inspect materials delivered to the job site for defects, unload, and store 
them with a minimum of handling to avoid damage. Provide storage facilities 
at the job site for maintaining materials at the temperatures and 
conditions recommended by the manufacturer.

1.6   ENVIRONMENTAL REQUIREMENTS

The ambient air temperature and the pavement temperature within the joint 
wall shall be a minimum of 50 degrees F and rising at the time of 
application of the materials. Do not apply sealant if moisture is observed 
in the joint.

PART 2   PRODUCTS

2.1   SEALANTS

Materials for sealing cracks in the various paved areas indicated on the 
drawings shall be as follows:

                   Area                     Sealing Material
               _________              
_________________________________________

                
                All Areas                FS SS-S-200 Type M
                
2.2   PRIMERS

When primers are recommended by the manufacturer of the sealant, use them 
in accordance with the recommendation of the manufacturer.

2.3   BACKUP MATERIALS

Provide backup material that is a compressible, nonshrinking, nonstaining, 
nonabsorbing material, nonreactive with the joint sealant. The material 
shall have a melting point at least 5 degrees F greater than the pouring 
temperature of the sealant being used when tested in accordance with 
ASTM D 789. The material shall have a water absorption of not more than 5 
percent of the sample weight when tested in accordance with ASTM C 509.  
The backup material shall be 25 plus or minus 5 percent larger in diameter 
than the nominal width of the crack.

2.4   BOND BREAKING TAPES

Provide a bond breaking tape or separating material that is a flexible, 
nonshrinkable, nonabsorbing, nonstaining, and nonreacting adhesive-backed 
tape. The material shall have a melting point at least 5 degrees F greater 
than the pouring temperature of the sealant being used when tested in 
accordance with ASTM D 789. The bond breaker tape shall be approximately 
1/8 inch wider than the nominal width of the joint and shall not bond to 
the joint sealant.

PART 3   EXECUTION

3.1   PREPARATION OF JOINTS

Immediately before the installation of the sealant, thoroughly clean the 
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joints to remove all laitance, curing compound, filler, protrusions of 
hardened concrete, and old sealant from the sides and upper edges of the 
joint space to be sealed.

3.1.1   Existing Sealant Removal

Cut loose the in-place sealant from both joint faces and to the depth shown 
on the drawings, using the waterblaster as specified in paragraph 
EQUIPMENT. Depth shall be sufficient to accommodate any separating or 
backup material that is required to maintain the depth of new sealant to be 
installed. Prior to further cleaning operations, remove all loose old 
sealant remaining in the joint opening by blowing with compressed air.  
Hand tools may be required to remove sealant from random cracks. Chipping, 
spalling, or otherwise damaging the concrete will not be allowed.

3.1.2   Sawing

3.1.2.1   Refacing of Joints

Accomplish facing of joints using a concrete saw as specified in paragraph 
EQUIPMENT to remove all residual old sealant and a minimum of concrete from 
the joint face to provide exposure of newly cleaned concrete, and, if 
required, to enlarge the joint opening to the width and depth shown on the 
drawings. Stiffen the blade with a sufficient number of suitable dummy 
(used) blades or washers. Thoroughly clean, immediately following the 
sawing operation, the joint opening using a water jet to remove all saw 
cuttings and debris.

3.1.2.2   Refacing of Random Cracks

Accomplish sawing of the cracks using a power-driven concrete saw as 
specified in paragraph EQUIPMENT. The saw blade shall be 6 inches or less 
in diameter to enable the saw to follow the trace of the crack. Stiffen the 
blade, as necessary, with suitable dummy (or used) blades or washers.  
Immediately following the sawing operation, thoroughly clean the crack 
opening using a water jet to remove all saw cuttings and debris.

3.1.3   Sandblasting

The newly exposed concrete joint faces and the pavement surfaces extending 
a minimum of 1/2 inch from the joint edges shall be waterblasted clean.  
use a multiple-pass technique until the surfaces are free of dust, dirt, 
curing compound, filler, old sealant residue, or any foreign debris that 
might prevent the bonding of the sealant to the concrete. After final 
cleaning and immediately prior to sealing, blow out the joints with 
compressed air and leave them completely free of debris and water.

3.1.4   Back-Up Material

When the joint opening is of a greater depth than indicated for the sealant 
depth, plug or seal off the lower portion of the joint opening using a 
back-up material to prevent the entrance of the sealant below the specified 
depth. Take care to ensure that the backup material is placed at the 
specified depth and is not stretched or twisted during installation.

3.1.5   Bond Breaking Tape

Where inserts or filler materials contain bitumen, or the depth of the 
joint opening does not allow for the use of a backup material, insert a 
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bond breaker separating tape to prevent incompatibility with the filler 
materials and three-sided adhesion of the sealant. Securely bond the tape 
to the bottom of the joint opening so it will not float up into the new 
sealant.

3.1.6   Rate of Progress of Joint Preparation

Limit the stages of joint preparation, which include sandblasting, air 
pressure cleaning and placing of the back-up material to only that lineal 
footage that can be sealed during the same day.

3.2   PREPARATION OF SEALANT

3.2.1   Hot-Poured Sealants

Sealants conforming to ASTM D 7116 shall not be heated in excess of the 
safe heating temperature recommended by the manufacturer as shown on the 
sealant containers. Withdraw and waste sealant that has been overheated or 
subjected to application temperatures for over 4 hours or that has remained 
in the applicator at the end of the day's operation.

3.2.2   Type M Sealants

Inspect the FS SS-S-200 Type M sealant components and containers prior to 
use. Reject any materials that contain water, hard caking of any separated 
constituents, nonreversible jell, or materials that are otherwise 
unsatisfactory. Settlement of constituents in a soft mass that can be 
readily and uniformly remixed in the field with simple tools will not be 
cause for rejection. Prior to transfer of the components from the shipping 
containers to the appropriate reservoir of the application equipment, 
thoroughly mix the materials to ensure homogeneity of the components and 
incorporation of all constituents at the time of transfer. When necessary 
for remixing prior to transfer to the application equipment reservoirs, 
warm the components to a temperature not to exceed 90 degrees F by placing 
the components in heated storage or by other approved methods but in no 
case shall the components be heated by direct flame, or in a single walled 
kettle, or a kettle without an oil bath.

3.2.3   Type H Sealants

Mix the FS SS-S-200 Type H sealant components either in the container 
furnished by the manufacturer or a cylindrical metal container of volume 
approximately 50 percent greater than the package volume. Thoroughly mix 
the base material in accordance with the manufacturer's instructions. The 
cure component shall then be slowly added during continued mixing until a 
uniform consistency is obtained.

3.2.4   Single-Component, Cold-Applied Sealants

Inspect the ASTM D 5893 sealant and containers prior to use. Reject any 
materials that contain water, hard caking of any separated constituents, 
nonreversible jell, or materials that are otherwise unsatisfactory.  
Settlement of constituents in a soft mass that can be readily and uniformly 
remixed in the field with simple tools will not be cause for rejection.
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3.3   INSTALLATION OF SEALANT

3.3.1   Time of Application

Seal joints immediately following final cleaning of the joint walls and 
following the placement of the separating or backup material. Open joints, 
that cannot be sealed under the conditions specified, or when rain 
interrupts sealing operations shall be recleaned and allowed to dry prior 
to installing the sealant.

3.3.2   Sealing Joints

Immediately preceding, but not more than 50 feet ahead of the joint sealing 
operations, perform a final cleaning with compressed air. Fill the joints 
from the bottom up to 1/4 inch plus or minus 1/16 inch below the pavement 
surface. Remove and discard excess or spilled sealant from the pavement by 
approved methods. Install the sealant in such a manner as to prevent the 
formation of voids and entrapped air. In no case shall gravity methods or 
pouring pots be used to install the sealant material. Traffic shall not be 
permitted over newly sealed pavement until authorized by the Contracting 
Officer. When a primer is recommended by the manufacturer, apply it evenly 
to the joint faces in accordance with the manufacturer's instructions.  
Check the joints frequently to ensure that the newly installed sealant is 
cured to a tack-free condition within the time specified.

3.4   INSPECTION

3.4.1   Joint Cleaning

Inspect joints during the cleaning process to correct improper equipment 
and cleaning techniques that damage the concrete pavement in any manner.  
Cleaned joints will be approved prior to installation of the separating or 
back-up material and joint sealant.

3.4.2   Joint Sealant Application Equipment

Inspect the application equipment to ensure conformance to temperature 
requirements, proper proportioning and mixing (if two-component sealant) 
and proper installation. Evidences of bubbling, improper installation, 
failure to cure or set will be cause to suspend operations until causes of 
the deficiencies are determined and corrected.

3.4.3   Joint Sealant

Inspect the joint sealant for proper rate of cure and set, bonding to the 
joint walls, cohesive separation within the sealant, reversion to liquid, 
entrapped air and voids. Sealants exhibiting any of these deficiencies at 
any time prior to the final acceptance of the project shall be removed from 
the joint, wasted, and replaced as specified herein at no additional cost 
to the Government.

3.5   CLEAN-UP

Upon completion of the project, remove all unused materials from the site 
and leave the pavement in a clean condition.

        -- End of Section --
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SECTION 32 10 00

PERVIOUS AND HOT-MIX BITUMINOUS CONCRETE PAVEMENTS
08/08

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced. The publications are referred to within the text by the 
basic designation only.

AMERICAN ASSOCIATION OF STATE HIGHWAY AND TRANSPORTATION OFFICIALS 
(AASHTO)

AASHTO T 102 (1983; R 2000) Standard Method of Test for 
Spot Test of Asphaltic Materials

AASHTO T 230 (1968; R 2000) Determining Degree of 
Pavement Compaction of Bituminous 
Aggregate Mixtures

AASHTO T 30 (2000) Standard Method of Test for 
Mechanical Analysis of Extracted Aggregate

ASTM INTERNATIONAL (ASTM)

ASTM D 977 (2003) Emulsified Asphalt

ASTM D 1557 (2002e1) Laboratory Compaction 
Characteristics of Soil Using Modified 
Effort (56,000 ft-lbf/cu. ft. (2,700 
kN-m/cu.m.))

ASTM D 1559 (1989) Resistance to Plastic Flow of 
Bituminous Mixtures Using Marshall 
Apparatus

ASTM D 2172 (2005) Quantitative Extraction of Bitumen 
from Bituminous Paving Mixtures

ASTM D 2950 (2009) Density of Bituminous Concrete in 
Place by Nuclear Methods

ASTM D 4280 (2008) Extended Life Type, Nonplowable,  
Raised, Retroreflective Pavement Markers

ASTM D 4552 (1992; R 2004) Classifying Hot-Mix 
Recycling Agents

ASTM D 4887 (1998; R 2003) Preparation of Viscosity 
Blends for Hot Recycled Bituminous 
Materials

ASTM D 5505 (2006) Classifying Emulsified Recycling 
Agents
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ASTM D 6155 (2006) Nontraditional Coarse Aggregate for 
Bituminous Paving Mixtures

ASTM D 6270 (2008e1) Use of Scrap Tires in Civil 
Engineering Applications

U.S. GENERAL SERVICES ADMINISTRATION (GSA)

FS A-A-2886 (Rev A)Paint, Traffic, Solvent Based

FS TT-B-1325 (Rev C) Beads (Glass Spheres) 
Retro-Reflective (Metric)

U.S. DEPARTMENT OF COMMERCE (DOC)

PS20 (1999) American Softwood Lumber Standard

STATE OF CALIFORNIA DEPARTMENT OF TRANSPORTATION (CDT)

SS-1 (2006 Edition) Standard Specifications

U.S. GREEN BUILDING COUNCIL (USGBC)

LEED (2002; R 2005) Leadership in Energy and 
Environmental Design(tm) Green Building 
Rating System for New Construction 
(LEED-NC)

1.2   RELATED SECTIONS

Pervious Pavement Systems ahall use Section 32 11 24 GRADED CRUSHED 
AGGREGATE BASE COURSE FOR PERVIOUS PAVEMENT; convential hot-mix asphalt 
shall use this Section for aggregate base material.

1.3   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for Contractor Quality Control 
approval. The following shall be submitted in accordance with Section 
01 33 00 SUBMITTAL PROCEDURES:

SD-03 Product Dats

Local/Regional Materials; (LEED)

Submit documentation indicating distance between the manufacturing 
facility and the project site. Indicate distance of raw material 
origin from the project site. Indicate relative dollar value of 
local/regional materials to total dollar value of products 
included in project. Indicate relative dollar value of recycled 
content products to total dollar value of products included in 
project.

Albedo; (LEED)

Provide information identifying the reflectance of the pavement.

SD-05 Design Data
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Job mix design for asphalt concrete; G
Asphalt concrete;  G
Asphalt cement; G
Aggregates; G
Liquid asphalt; G
Asphaltic emulsion; G
Paint; G
Reflective media (glass beads); G
Traffic signs; G

SD-06 Test Reports

Asphalt concrete

Submit reports for testing specified under paragraph entitled 
"Field Quality Control."

SD-07 Certificates

Asphalt mix delivery record

Asphalt concrete and material sources

Obtain approval of the Contracting Officer for materials and 
material sources 2 days prior to the use of such material in the 
work.

Asphalt concrete
Traffic signs

Submit certificates, signed by the producer, that paving materials 
and incidental construction items conform to specification 
requirements.

1.4   QUALITY ASSURANCE

1.4.1   Regulatory Requirements

Provide work and materials in accordance with applicable requirements of 
SS-1 and as modifird by these specifications. Sections and Paragraphs 
mentioned herein refer to those specifications.

1.4.2   Modification of References

Where term "Engineer" is used in SS-1 it shall be construed to mean 
Contracting Officer. Where term "state" is used, it shall mean "Federal 
Government".

1.4.3   Mix Delivery Record Data

Record and submit the following information to each load of mix delivered 
to the job site. Submit within one day after delivery on 
Government-furnished forms:

a.  Truck No:

b.  Time In:

c.  Time Out:
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d.  Tonnage and Discharge Temperature:

e.  Mix Type:

f.  Location:

g.  Stations Placed:

1.4.4   Mix Design

Submit results of laboratory tests performed on each mix design. Testing 
shall have been accomplished not more than one year prior to date of 
material placement.

1.5   ENVIRONMENTAL CONDITIONS

Apply paint to clean, dry surfaces and unless otherwise approved, only when 
air and pavement temperatures are above 40 degrees F for oil-based 
materials, 50 degrees F for water-based materials, and are less than 95 
degrees F. Maintain paint temperature within the same limits.

1.6   EQUIPMENT

1.6.1   Mixing Plant and Construction Equipment

Section 39 of SS-1. Machines, tools, and equipment used in the performance 
of the work shall be approved by the Contracting Officer and maintained in 
satisfactory operating condition.

1.6.2   Painting Equipment

Use a stripe painting machine-capable of producing marking and striping as 
indicated.  Provide equipment having a compressor output capacity of at 
least 105 cubic feet per minute (cfm) and capable of operating at an air 
pressure of not less than 125 psi. Provide striping machine with a pointer 
so the machine will hold exactly to alignment. Provide propelling vehicle 
with a speedometer or tachometer, and with a suitable device for 
determining quantity of paint in the container. Mechanically agitate paint 
while equipment is in operation. Clean paint container and spray nozzles on 
machine before starting work each day.

1.6.2.1   Reflective Media (Glass Bead) Dispenser

The dispenser for applying reflective media shall be attached to the paint 
dispenser and shall operate automatically and simultaneously with the 
applicator through the same mechanism. The dispenser shall be capable of 
adjustment and designed to provide uniform flow of reflective media over 
the full length and width of the strip at the rate of coverage specified in 
the paragraph, APPLICATION, at all operating speeds of the applicator to 
which it is attached.

1.7   SUSTAINABLE DESIGN REQUIREMENTS

1.7.1   Local/regional Materials

Use materials or products extracted, harvasted, or recovered,as well as 
manufactured, within 500 mile radius from the project site, if available 
from a minimum of three sourcs.
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1.7.2   Course Aggregate

Coarse aggregate shall contain a minimum of 25 percent recycled porcelain, 
concrete, stone, or other recycled material complying with ASTM D 6155.

1.7.3   Tire

Comply with ASTM D 6270, Class I Fill. Tire shall be a minimum of 5 percent 
post-consumer recycled material, or a minimum of 20 percent pose-industrial 
recycled material. Tire may contain post-cosumer or post-industrial 
recycled content.Text

1.7.4   Quantity of Bituminous Material

Asphalt cement shall contain a minimum of 5 percent post-consumer recycled 
content, or a minimum of 20 percent post-industrial recycled content.  
Asphalt cement may contain post-consumer or post-industrial recycled 
content. Recycling agents shall comply with ASTM D 5505, Class ER 1. Hot 
recycling agents shall comply with ASTM D 4552, Grade RA 1. Evaluate blends 
in accordance with ASTM D 4887. Mix asphalt cement with aggregates of 
corresponding mixes in the following proportions by asphalt cement percent 
by weight of total mix - 4 to 8.

PART 2   PRODUCTS

2.1   ASPHALT CONCRETE

Provide hot-mix asphalt concrete for pavement repairs and trench patching 
in accordance with the applicable requirements of SS-1, Section 39, Type B 
for individual test results conforming to 1/2 inch maximum size gradation, 
medium. Provide pervious concrete for new parking lots and driveways, where 
indicated and as specified herein.

2.1.1   Albedo

Installed system shall have a minimum solar reflectance of 0.3.

2.1.2   Permeability

Installed system shall have a minimum permeability rate of 60 percent

2.2   BASE COURSE AGGREGATES

Imported base course: Section 26 of SS-1, Class 2, for 3/4 inch maximum 
size gradation for hot-mix asphalt pavment repairs. Provide graded crushed 
aggregate base course material under permeable pavement conforming to 
Section 32 11 24 GRADED CRUSHED AGGREGATE BASE COURSE FOR PERVIOUS PAVEMENT.

2.3   ASPHALT MATERIALS

2.3.1   Asphalt Cement

Section 92 of SS-1, Asphalt Binder (Performance Grade) PG 70-10.

2.3.2   Liquid Asphalt (Prime Coat)

Section 93 of SS-1, Grade SC-250.
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2.3.3   Asphaltic Emulsion (Paint Binder, Tack Coat or Fog Seal)

Section 94 of SS-1, Grade SS-1 or ASTM D 977, Type SS-1. Asphaltic emulsion 
shall be diluted with equal parts of water. The base asphalt used to 
manufacture the emulsion shall show a negative spot test when tested in 
accordance with AASHTO T 102 using standard naphtha.

2.4   STRIPING

SS-1, Section 84-3.

Paint shall conform to FS A-A-2886, Fast Dry or Rapid Dry type. Color shall 
be yellow, white, or red as indicated or directed by the Contracting 
Officer.

2.4.1   Reflective Media

Reflective media for streets and roads shall conform to FS TT-B-1325, Type 
I, Gradation A.

2.4.2   Pavement Markers

Reflective pavement markers shall be of the prismatic reflector type 
conforming to Section 85-1 of SS-1, color as indicated. Pavement markers to 
designate lane changes or adjustments shall be white or as directed by the 
Contracting Officer. Pavement markers that designate fire hydrant locations 
shall be blue and shall be located along the roadway centerline (2 feet off 
of the centerline in the direction of the fire hydrant). Markers shall be 
of permanent colors as specified and shall retain their color and 
brightness under the action of traffic. Markers shall not project more than 
3/4 inch above the level of pavement. Pavement markers shall be applied to 
the new pavement at the locations indicated using epoxy adhesive conforming 
to Section 95 of SS-1 or ASTM D 4280.

2.5   CURBS AND MISCELLANEOUS AREAS

SS-1, Section 39-7 for hot-mix asphalt repairs or trench resurfacing.  
Headerboard materials for construction of curbs and miscellaneous areas 
shall be made of 2 X 4 inch lumber secured in place using 2 X 4 x 24 inch 
minimum length stakes located not more than 6 feet apart. Use either 
redwood rough sawn, construction, or clear heart grade), western red cedar, 
or pressure-treated Douglas fir conforming to PS20. Permeable asphalt shall 
generally conform to this specification, except that edge restraits for 
pervios asphalt shall be concrete only.

2.6   TRAFFIC SIGNS

SS-1, Section 56-2, size, type, and wording as indicated.

PART 3   EXECUTION

3.1   PREPARATION

3.1.1   Excavation and Filling

Excavation and filling to establish elevation of subgrade is specified in 
Section 31 23 00.00 20.00 20 EXCAVATION AND FILL.
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3.2   CONSTRUCTION

Provide construction in accordance with the applicable requirements of the 
Section 31 23 00.00 20 EXCAVATION AND FILL Install pervious paving system 
in acordance with the manufacturer's recommendations and as indicated.

3.2.1   Subgrade

Requirements for Subgrade are specified in Section 31 23 00.00 20 
EXCAVATION AND FILL, except where indicated or specified otherwise. Prior 
to construction of base course, clean previously constructed subgrade of 
foreign substances.

3.2.2   Base Course - Hot-Mix Asphalt

Place aggregate base course on prepared subgrade in accordance with the 
requirements of Section 39 of SS-1. Grade and compact in layers to at least 
95 percent of maximum density, ASTM D 1557, Method D. Maintain base course 
in proper condition until asphalt concrete is in place, including drainage, 
rolling, shaping and watering. Maintain sufficient moisture at the surface 
to prevent a dusty condition by light sprinkling with water. Recondition, 
reshape, and recompact areas of completed base course damaged by wet 
weather in accordance with the specified requirements.

3.2.2.1   Base Course - Permeable Asphalt

Place aggregate base course on prepared subgrade in accordance with the 
requirements of Section 32 11 24 GRADED CRUSHED AGGREGATE BASE COURSE FOR 
PERVIOUS PAVEMENT. Grade and compact in layers to at least 100 percent of 
maximum density, ASTM D 1557, Method D. Maintain base course in proper 
condition until asphalt concrete is in place, including drainage, rolling, 
shaping and watering. Maintain sufficient moisture at the surface to 
prevent a dusty condition by light sprinkling with water. Recondition, 
reshape, and recompact areas of completed base course damaged by wet 
weather in accordance with the specified requirements.

3.2.3   Prime Coat

Prior to application of asphalt concrete, apply a prime coat of liquid 
asphalt. Apply by pressure distributors. Allow sufficient time before 
placing asphalt concrete to permit prime coat to penetrate base.

3.2.3.1   Liquid Asphalt Application

Apply liquid asphalt on prepared compacted base at a rate of 0.25 gallons 
per square yard in accordance with Section 39 of SS-1.

3.2.3.2   Asphalt Emulsion Application

Apply emulsion at a rate of 0.05 gallon per square yard, as described in 
Section 37 of SS-1. Asphalt emulsion used as fog seal shall be applied to 
existing pavement along, and beneath, chain-link divider fences that are 
indicated to remain.

3.2.3.3   Paint Binder

Apply paint binder (asphalt emulsion) to existing pavement surfaces in 
accordance with Section 39 of SS-1. Unless otherwise directed, apply at a 
rate of 0.05 gallon per square yard to the exposed edges of existing 

SECTION 32 10 00  Page 7



NASA/DFRC - FACILITIES SUPPORT CENTER, EDM-1703
FINAL SUBMITTAL

pavement against which new asphalt concrete pavement is indicated to be 
placed.

3.2.4   Surface Course Hot-Mix Asphalt

Uniformly mix mineral aggregate with bituminous material in a central plant 
in accordance with Section 39 of SS-1. The percentage of asphalt cement 
binder shall be between five and seven percent. Type B asphalt concrete 
shall be placed only when the atmospheric temperature is 50 degrees F and 
rising. Deliver bituminous mixtures to the previously prepared base course 
surface in accordance with Section 39 of SS-1. Spread in accordance with 
Section 39 of SS-1. Placement will not be permitted unless the Contractor 
has a working asphalt thermometer on site. The paving asphalt shall be 
delivered at a temperature of not less than 285 degrees F nor more than 350 
degrees F. Asphalt concrete shall be placed in maximum layers to achieve 
the finished pavement thickness shown, with no single layer exceeding a 
compacted thickness of 3 inches.

3.2.4.1   Surface Course - Permeable Pavement

Install surface elevation of the pervious paving system 1/8 to 1/4 inch 
above the adjacent drainage inlets, concrete collars, or channels.

3.2.5   Compaction

Perform initial or breakdown rolling by making one pass over asphalt 
pavement with a two-axle or three-axle tandem steel wheel roller or a three 
wheel steel roller with rollers weighing at least 12 tons. Initial or 
breakdown rolling shall be performed when the temperature of the asphalt 
concrete is not less than 250 degrees F. Commence rolling at the lower edge 
and progress toward the highest portion. Under no circumstances shall the 
center be rolled first. Perform rolling with the drive wheel of the tandem 
roller forward with respect to the direction of spreading operations.  
Follow the initial or breakdown rolling with three complete passes of a 
pneumatic-tired roller while the temperature of the mixture is at least 200 
degrees F. Perform final rolling of the uppermost layer of asphalt concrete 
using an 8-ton two-axle tandem roller in a manner that will avoid cracking, 
shoving or displacement.

3.2.6   Joining Pavement

Carefully make joints between old and new pavement and of successive day's 
work in such manner as to ensure a continuous bond between old and new 
sections of the course. Expose and clean edges of existing pavement. Cut 
edges to straight, vertical surfaces. Paint joints with a uniform coat of 
paint binder before the fresh mixture is placed. Prepare joints in the new 
pavement in accordance with Section 39 of SS-1.

3.2.7   Miscellaneous Areas

Surfacing of areas outside of the traveled way shall be designated 
miscellaneous areas and shall be paved with asphalt concrete in accordance 
with Section 39-7 of SS-1.

3.2.8   Striping

3.2.8.1   Application

SS-1, Section 84-3, use type of paint specified. Apply one coat of paint at 
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a maximum rate of 110 square feet per gallon of paint. Apply paint to 
required width, with clean true edges and without sharp breaks. Allow 
bituminous pavement to cure for at least 30 days before paint and 
reflective media are applied. Pavement shall be thoroughly clean and 
entirely free of loose sand, stones, dust, oil, grease, water, and other 
substances that will be deleterious to the paint or will adversely affect 
the adhesion of the paint. Clean pavement surfaces immediately prior to 
painting with power broom followed by a power blower using compressed air.  
Do not apply paint during high wind (over 15 miles per hour) or high 
humidity (over 70 percent). Apply paint only when ambient temperature is 40 
degrees F or above and rising but not more than 95 degrees F. Edges of 
markings shall be sharply outlined with dimensions and arrangement of 
markings as indicated.

3.2.8.2   Paint And Reflective Media

Paint shall be applied to clean, dry surfaces, and only when air and 
pavement temperatures are above 40 degrees F and less than 95 degrees F.  
Apply paint to a wet film thickness of 0.015 inch by means of approved 
conventional pneumatic traffic line striping equipment. The Contractor 
shall provide guide lines and templates to control paint application.  
Special precautions shall be taken in marking numbers, letters, and 
symbols. Traffic shall not be permitted to use the painted areas for a 
minimum of 6 hours after painting of lines has been completed. Repaint 
existing markings damaged by construction. Individual raised pavement 
markers shall be located as indicated.

3.2.8.3   Rates Of Application

Pigmented binder (i.e., paint) shall be applied evenly to the pavement area 
at a rate of 110 plus/minus 5 square feet per gallon. Glass spheres 
(reflective media) shall be applied uniformly to the wet paint on the 
pavement at a rate of 6 plus/minus 0.5 pounds of glass spheres per gallon 
of paint.

3.2.9   Traffic Signs

SS-1, Section 56.

3.3   FIELD QUALITY CONTROL

Sample shall be taken by Contractor as specified herein. Contractor shall 
replace pavement where sample cores have been removed. Submit 2 pavement 
cores when using the in-place nuclear density method.

3.3.1   Sample and Core Identification

Place each sample and core in a container and securely seal to prevent loss 
of material. Tag each sample for identification. Tag shall contain the 
following information:

a.  Contract No.

b.  Sample No.

c.  Quantity

d.  Date of Sample
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e.  Sample Description

f.  Source/Location/Stations Placed/depth below the finish grade

g.  Intended Use

h.  Thicknesses of various lifts placed

3.3.2   Testing

3.3.2.1   Bituminous Mix Testing

Take two samples per day per mix type at plant or from truck. Test 
uncompacted mix for extraction in accordance with ASTM D 2172 and sieve 
analysis in accordance with AASHTO T 30. Test samples for stability and 
flow in accordance with ASTM D 1559. When two consecutive tests fail to 
meet requirements of specifications, cease placement operations and test a 
new trial batch prior to resumption of placement operations. Submit 2 per 
day of each mix type. When two tests on uncompacted mix fail submit new 
trial batch for approval.

3.3.2.2   Testing of Pavement Course

a.  Density:  Determine density of pavement by testing cores obtained 
from the binder and wearing course in accordance with AASHTO T 230. 
Take three cores at location designated by Contracting Officer for 
each 100 tons, or fraction thereof, of asphalt placed. Deliver 
cores undisturbed and undamaged to laboratory and provide test 
results within 48 hours of each day placement of paving materials.

b.  Thickness:  Determine thickness of the pavement course from cores 
taken for density test.

c.  Straightedge Test:  Test compacted surface of binder course and 
wearing course with a straightedge as work progresses. Apply 
straightedge parallel with, and at right angles to, the  center 
line of each travel lane after final rolling. Variations in the 
pavement course surface shall not be more than 1/4 inches from the 
lower edge of the 10 foot straightedge. Pavement showing 
irregularities greater than that specified shall be corrected as 
directed by Contracting Officer.

3.3.2.3   Alternate Testing Method for Pavement Courses

At Contractor's option the following in-place testing method may be used to 
determine density and thickness in lieu of testing specified above.  
Frequency of testing shall be the same. When in-place nuclear method to 
determine density is used, take two pavement cores at locations designated 
by Contracting Officer and turn over to Government to verify pavement 
thickness.

a.  Density:  Determine density of pavement by in-place testing using 
Nuclear Method in accordance with ASTM D 2950.

b.  Thickness:  Determine thickness of finished pavement by use of 
following equation:

t= ___W____
0.75d
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Where t= pavement thickness, in inches.
W= average weight per square yard of mixture actually used in work.
d= compacted density as measured by nuclear density device.

       -- End of Section -- 
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SECTION 32 11 24

GRADED CRUSHED AGGREGATE BASE COURSE FOR PERVIOUS PAVEMENT
08/08

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced. The publications are referred to within the text by the 
basic designation only.

ASTM INTERNATIONAL (ASTM)

ASTM C 117 (2004) Standard Test Method for Materials 
Finer than 75-um (No. 200) Sieve in 
Mineral Aggregates by Washing

ASTM C 131 (2006)Standard Test Method for Resistance 
to Degradation of Small-Size Coarse 
Aggregate by Abrasion and Impact in the 
Los Angeles Machine

ASTM C 136 (2006) Standard Test Method for Sieve 
Analysis of Fine and Coarse Aggregates

ASTM C 29/C 29M (2009) Standard Test Method for Bulk 
Density ("Unit Weight") and Voids in 
Aggregate

ASTM D 1556 (2007) Density and Unit Weight of Soil in 
Place by the Sand-Cone Method

ASTM D 1557 (2009) Standard Test Methods for 
Laboratory Compaction Characteristics of 
Soil Using Modified Effort (56,000 
ft-lbf/ft3) (2700 kN-m/m3)

ASTM D 1883 (2007e2) CBR (California Bearing Ratio) of 
Laboratory-Compacted Soils

ASTM D 2217 (1985; R 1998) Wet Preparation of Soil 
Samples for Particle-Size Analysis and 
Determination of Soil Constants

ASTM D 4318 (2005) Liquid Limit, Plastic Limit, and 
Plasticity Index of Soils

ASTM D 75/D 75M (2009) Standard Practice for Sampling 
Aggregates

U.S. GREEN BUILDING COUNCIL (USGBC)

LEED (2002; R 2005) Leadership in Energy and 
Environmental Design(tm) Green Building 
Rating System for New Construction 
(LEED-NC)
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1.2   RELATED SECTIONS

Pervious pavement systems shall use Section 32 13 13.06 PERVIOUS PORTLAND 
CEMENT CONCRETE PAVEMENT FOR ROADS AND SITE FACILITIES or Sections 32 10 00 
PERVIOUS BITUMINOUS CONCRETE PAVEMENT, in addition to this section.

1.3   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for Contractor Quality Control 
approval. The following shall be submitted in accordance with Section 
01 33 00 SUBMITTAL PROCEDURES:

SD-03 Product Data

Aggregates; (LEED)

Submit documentation indicating percentage of post-industrial and 
post-consumer recycled content per unit of product. Indicate 
relative dollar value of recycled content products to total dollar 
value of products included in project.

Local/Regional Materials; (LEED)

Submit documentation indicating distance between manufacturing 
facility and the project site. Indicate distance of raw material 
origin from the project site. Indicate relative dollar value of 
local/regional materials to total dollar value of products 
included in project.

SD-06 Test Reports

Gradation
Bearing ratio
Liquid limit
Plasticity index
Percentage of wear
Density
Gradation
Smoothness
Density
Thickness

1.4   DELIVERY AND STORAGE

Inspect materials delivered to site for damage and store as to prevent 
segregation and contamination.

1.5   WEATHER LIMITATIONS

Do not construct base course when atmospheric temperature is below 35 
degrees F or when rainfall or other weather conditions detrimentally affect 
the quality of the finished course.

1.6   CONSTRUCTION EQUIPMENT

Equipment shall be dependable and adequate for the purpose intended.  
Maintain equipment in satisfactory and safe operating condition. Subject to 
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approval, special equipment dictated by local conditions may be used.  
Calibrated equipment, such as scales, batching equipment, spreaders, and 
similar items, shall have been recalibrated by an approved calibration 
laboratory within 12 months of commencing work.

1.7   SUSTAINABLE DESIGN REQUIREMENTS

1.7.1   Local/Regional Materials

Use materials or products extracted, harvested, or recovered, as well as 
manufactured, within a 500 mile radius from the project site, if available 
from a minimum of three sources.

PART 2   PRODUCTS

2.1   MATERIALS

2.1.1   Aggregates

Consist of durable and sound crushed concrete, crushed masonry, crushed 
tile, crushed gravel, crushed stone, or crushed slag, free of lumps or 
balls of clay or other objectionable matter. Materials shall originate 
primarily from on-site construction waste, then from off-site construction 
waste, and finally from other nearby sources as needed. Aggregate material 
shall contain in total a minimum of 5 percent post-consumer recycled 
content, or a minimum of 20 percent post-industrial recycled content.  
Crushed stone and gravel shall be free from flat, elongated, soft, or 
disintegrated pieces. Crushed gravel retained on a No. 4 sieve shall have 
at least 90 percent by weight with at least two fractured faces and 100 
percent by weight with at least one fractured face. Base course materials 
samples shall have a bearing ratio of at least 100 as determined by 
laboratory tests on a 4-day soaked specimen in accordance with ASTM D 1883; 
compact specimen in accordance with ASTM D 1557, Method D. Determine grain 
size in accordance with ASTM C 136 and amount of material finer than 200 
mesh sieve in accordance with ASTM C 117. Aggregate, other than slag, shall 
have a percentage of wear not exceeding 40 when tested in accordance with 
ASTM C 131, Grading A. Slag shall be an air-cooled, blast furnace product 
having a dry weight of not less than 70 pounds per cubic foot when tested 
in accordance with ASTM C 29/C 29M and shall consist of angular fragments 
uniform in density and quality, reasonably free from thin, elongated 
pieces, dirt, or other objectionable material. Soil binder material, that 
portion of material passing the No. 40 sieve, shall be of such composition 
that the composite material conforms to the requirements specified herein.  
The base course shall be of such nature that it can be compacted readily 
with watering and rolling to a firm, stable base and shall conform to one 
of the following sizes:

Percentage by Weight Passing
Square Mesh Laboratory Sieves

Size Numbers

  Sieves                  1                  2                  3

  2 inch                 100                 -                  -
  1 1/2 inch            70-100              100                 -
  1 inch                45-80              60-100              100
  1/2 inch              30-60              30-65              40-70
  No. 4                 20-50              20-50              20-50
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Percentage by Weight Passing
Square Mesh Laboratory Sieves

Size Numbers

  Sieves                  1                  2                  3
  No. 10                15-40              15-40              15-40
  No. 40                 5-25               5-25               5-25
  No. 200                0-10               0-10               0-10

That portion of the material passing the No. 40sieve shall have a liquid 
limit of not more than 25 and a plasticity index of not more than 5 as 
determined by ASTM D 4318.  Prepare samples in accordance with ASTM D 2217, 
Procedure A.

2.1.2   Pervious Base Course

Base aggregate for pervious pavement systems shall consist of aggregate as 
specified in paragraph Aggregates except as specified below. Material 
passing the No. 200 sieve is not permitted. Unevenly graded screenings and 
stone dust are not permitted.

2.1.2.1   Asphalt-Treated Permeable Base

Asphalt binder shall be steam-refined asphalt, grade AR-8000. "Popcorn mix" 
aggregate shall conform to the following grading:

Percentage by Weight Passing
Square Mesh Laboratory Sieves

  Sieves                  Percent Passing

 1 inch              100
 3/4 inch           90-100
 1/2 inch           35-65
 3/8 inch           20-45
 No. 4               0-10
 No. 8               0-5

2.1.2.2   Cement-Treated Permeable Base

Portland cement binder shall be Type II Modified. Pozzolan shall not be 
substituted for Portland cement. Aggregate shall conform to the 1 inch x 
No. 4 primary nominal coarse aggregate grading, with 52 to 85 percent by 
weight passing through a 3/4 inch sieve.

PART 3   EXECUTION

3.1   BASE COURSE

Construct the graded aggregate base course on a prepared subgrade , as 
indicated. Verify compacted subgrade, granular base, or stabilized soil is 
acceptable and ready to support paving and imposed loads. Provide line and 
grade stakes for control. Place grade stakes in lanes parallel to the 
centerline of areas to be paved and space for string lining or other 
control methods. The base course shall consist of aggregate processed, 
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deposited, spread, and compacted on a prepared surface. The Contractor 
shall be responsible for protection of completed areas against detrimental 
effects. Recondition, reshape, and recompact areas damaged by freezing, 
rainfall, or other weather conditions.

3.2   OPENING AND OPERATION OF PITS

No base course aggregate pit sites are available on government property.  
All aggregate base materials must be imported from off-site.

3.3   MIXING OF MATERIALS

Mix aggregates in a stationary or traveling plant. Proportion aggregates by 
weight or volume in such quantities that specified gradation, liquid limit, 
and plasticity index requirements are met after the base course has been 
placed and compacted. Incorporate, during the mixing operation, water in 
quantities sufficient to provide the necessary moisture content for the 
specified compaction. Mixing operations shall produce satisfactory uniform 
blending and the method of discharging into trucks shall not produce 
segregation.

3.4   PLACING

Do not dump mixed materials in piles, but place on prepared subgrade or 
subbase in layers of uniform thickness with a spreader. When a compacted 
course 6 inches in thickness is required, place material in a single layer. 
When a compacted course in excess of 6 inches is required, place material 
in layers of equal thickness. Do not exceed 6 inches or have less than 3 
inches in thickness for any compacted layer. Place layers so that when 
compacted, they will be true to grades or levels required with the least 
possible surface disturbance. Where the base course is constructed in more 
than one layer, clean previously constructed layers of loose and foreign 
matter. Maintain material water content during the placing period to obtain 
the compaction specified. Make adjustments in placing procedures or 
equipment to obtain true grades, to minimize segregation and degradation, 
to reduce or increase water content, and to insure a satisfactory base 
course.

3.4.1   Stationary-Plant Method

Mix aggregates, binder material and water until a uniform homogeneous 
mixture is obtained. Do not dump materials in piles; place in layers of 
essentially uniform thickness, not to exceed 6 inches after compaction, by 
an approved spreader. Tail gate spreading will be acceptable only with 
permission, under conditions such as where space limitations prohibit use 
of the spreader.

3.4.2   Windrow Traveling-Plant Method

Place aggregates and binder materials in windrows of such cross section and 
proportions that, when picked up, mixed, and redeposited in windrows, the 
finished mixture shall conform to the specified requirements.  Do not 
exceed the rated capacity of the traveling plant with the size of the 
windrow of the combined materials.  Add water, in quantity sufficient to 
provide the necessary moisture content for compacting, to the aggregates at 
the time of mixing.  Mix materials uniformly by the traveling plant, 
deposit in windrows of uniform cross section, and spread in a layer of 
uniform thickness to the required contour and grades.
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3.5   COMPACTING AND FINISHING

Immediately following the placing, spread the finished mixture uniformly in 
a layer and bring to optimum moisture content. The loose thickness and the 
surface of the layer shall be such that the specified density and the 
required thickness shall be obtained after compaction. Compact the layer 
with steel-faced, vibrating or pneumatic-tired rollers, or other suitable 
compacting equipment or combinations thereof. Continue compacting until the 
layer is compacted through the full depth to a field density of at least 
100 percent of the maximum density at optimum moisture content tested in 
accordance with ASTM D 1556. In areas not accessible to rollers or 
compactors, compact the mixture with mechanical hand tampers. If the 
mixture is excessively moistened by rain, aerate by blade graders, or other 
suitable equipment. Aerate until the moisture content of the material is 
that needed to obtain the required density. Finish the surface of the layer 
by a combination of rolling and blading. Final surface shall be smooth and 
free from waves, irregularities, and ruts or soft yielding spots.

3.6   FINISHING AT EDGES OF BASE COURSE

Place earth or other approved materials along the edges of the base course 
in such quantity that it will compact to the thickness of the course being 
constructed.  When the course is being constructed in two or more layers, 
place material to the thickness of each layer.  In each operation, allow at 
least a one foot width of the shoulder to be rolled and compacted 
simultaneously with the rolling and compacting of each layer.

3.7   FIELD QUALITY CONTROL

Approve materials and material sources in advance of the use of such 
materials in the work. Replace base where samples are removed. Provide 
duplicate samples to the Contracting Officer on an average of two samples a 
week. Take duplicate samples at the same time and in the same manner as the 
original.

3.7.1   Sampling

3.7.1.1   Aggregates at the Source

Prior to production and delivery of aggregates, take at least one initial 
sample in accordance with ASTM D 75/D 75M. Collect each sample by taking 
three incremental samples at random from the source material to make a 
composite sample of not less than 50 pounds. Repeat above sampling when 
source of material is changed or when unacceptable deficiencies or 
variations from specified grading of materials are found in testing.

3.7.1.2   During Construction

Take one random sample from each 1000 tons of completed course material, 
but not less than one random sample per day's run. Take samples in 
accordance with ASTM D 75/D 75M.

3.7.1.3   Sample Identification

Place each sample in a clean container, securely fastened to prevent loss 
of material. Tag each sample for identification and with the following 
information:

Contract No._______________________________________
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Sample No._____________________  Quality __________
Date of Sample_____________________________________
Sampler____________________________________________
Source_____________________________________________
Intended Use_______________________________________
For Testing________________________________________

3.7.2   Testing

3.7.2.1   Aggregates

Test each sample of base course material without delay. Make gradationtests 
from each sample in accordance with ASTM C 136. Make sieve analysis on 
material passing the No. 200 sieve in accordance with ASTM C 117.

3.7.2.2   Smoothness Tests

Test with a 10 foot straightedge, applied parallel with and at right angles 
to the center line of the paved area.  Correct deviations in the surface in 
excess of 3/8 inch by loosening, adding or removing material, reshaping, 
watering, and compacting. The smoothness requirements specified herein 
apply only to the top layer when base course is constructed in more than 
one layer.

3.7.2.3   Field Density Tests

ASTM D 1556.  Take one test for each 500 square yards of each layer of base 
course.

3.7.2.4   Laboratory Density Tests

In accordance with ASTM D 1557, Method D.

3.7.2.5   Thickness Tests

Measure thickness of base course at intervals such that there will be a 
depth measurement for at least each 500 square yards of complete base 
course. Make depth measurements by test holes, at least 3 inches in 
diameter, through the base course. Where base course deficiency is more than
1/2 inch, correct by scarifying, adding mixture of proper gradation, 
reblading, and recompacting. Where the measured thickness is more than 1/2 
inch thicker than indicated, consider it as the indicated thickness plus 
1/2 inch for determining the average. The average thickness is the average 
of the depth measurements and shall not underrun the thickness indicated.

3.8   MAINTENANCE

After construction is completed, maintain the base course throughout, 
except where portion of the succeeding course is under construction 
thereon. Maintenance includes drainage, rolling, shaping, and watering, as 
necessary, to maintain the course in proper condition. Correct deficiencies 
in thickness, composition, construction, smoothness, and density, which 
develop during the maintenance, to conform to the requirements specified 
herein. Maintain sufficient moisture by light sprinkling with water at the 
surface to prevent a dusty condition.

        -- End of Section --
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SECTION 32 13 13.06

PERVIOUS PORTLAND CEMENT CONCRETE PAVEMENT FOR ROADS AND SITE FACILITIES
08/08

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced. The publications are referred to within the text by the 
basic designation only.

ACI INTERNATIONAL (ACI)

ACI 211.1 (1991; R 2009) Standard Practice for 
Selecting Proportions for Normal, 
Heavyweight and Mass Concrete

ACI 301 (2005; Errata 2008) Specifications for 
Structural Concrete

ACI 305R (1999; Errata 2006) Specification for Hot 
Weather Concreting

ACI 306.1 (1990; R 2002) Standard Specification for 
Cold Weather Concreting

ASTM INTERNATIONAL (ASTM)

ASTM C 1077 (2009b) Standard Practice for Laboratories 
Testing Concrete and Concrete Aggregates 
for Use in Construction and Criteria for 
Laboratory Evaluation

ASTM C 1260 (2007) Standard Test Method for Potential 
Alkali Reactivity of Aggregates 
(Mortar-Bar Method)

ASTM C 143/C 143M (2009) Standard Test Method for Slump of 
Hydraulic-Cement Concrete

ASTM C 150/C 150M (2009) Standard Specification for Portland 
Cement

ASTM C 171 (2007) Standard Specification for Sheet 
Materials for Curing Concrete

ASTM C 172 (2008) Standard Practice for Sampling 
Freshly Mixed Concrete

ASTM C 231 (2009a) Standard Test Method for Air 
Content of Freshly Mixed Concrete by the 
Pressure Method

ASTM C 260 (2006) Standard Specification for 
Air-Entraining Admixtures for Concrete

SECTION 32 13 13.06  Page 1



NASA/DFRC - FACILITIES SUPPORT CENTER, EDM-1703
FINAL SUBMITTAL

ASTM C 309 (2007) Standard Specification for Liquid 
Membrane-Forming Compounds for Curing 
Concrete

ASTM C 31/C 31M (2009) Standard Practice for Making and 
Curing Concrete Test Specimens in the Field

ASTM C 33/C 33M (2008) Standard Specification for Concrete 
Aggregates

ASTM C 494/C 494M (2008a) Standard Specification for 
Chemical Admixtures for Concrete

ASTM C 595/C 595M (2009) Standard Specification for Blended 
Hydraulic Cements

ASTM C 618 (2008a) Standard Specification for Coal 
Fly Ash and Raw or Calcined Natural 
Pozzolan for Use in Concrete

ASTM C 78 (2009) Standard Test Method for Flexural 
Strength of Concrete (Using Simple Beam 
with Third-Point Loading)

ASTM C 94/C 94M (2009a) Standard Specification for 
Ready-Mixed Concrete

ASTM C 497 (2005) Concrete Pipe, Manhole Sections, or 
Tile

ASTM C 989 (2009a) Standard Specification for Slag 
Cement for Use in Concrete and Mortars

ASTM D 6270 (2008e1) Use of Scrap Tires in Civil 
Engineering Applications

ASTM E 1918 (2006) Test Method for Measuring Solar 
Refectance on Horizontal and Low-Sloped 
Surfaces in the Field

1.2   RELATED SECTIONS

Pervious pavement systems shall use Section 32 11 24 GRADED CRUSHED 
AGGREGATE BASE COURSE FOR PERVIOUS PAVEMENT, in addition to this section.

1.3   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for Contractor Quality Control 
approval. The following shall be submitted in accordance with Section 
01 33 00 SUBMITTAL PROCEDURES:

SD-03 Product Data

Curing materials
Admixtures
Reinforcement

Submit a complete list of materials including type, brand and 
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applicable reference specifications.

Cementitious Materials; (LEED)
Aggregate; (LEED)

Submit documentation indicating percentage of post-industrial and 
post-consumer recycled content per unit of product.  Indicate 
relative dollar value of recycled content products to total dollar 
value of products included in project.

Local/Regional Materials; (LEED)

Submit documentation indicating distance between manufacturing 
facility and the project site. Indicate distance of raw material 
origin from the project site. Indicate relative dollar value of 
local/regional materials to total dollar value of products 
included in project.

Albedo; (LEED)

Provide information identifying the reflectance of the pavement.

SD-04 Samples

Field-Constructed Mockup

SD-05 Design Data

Concrete mix design

Thirty days minimum prior to concrete placement, submit a mix 
design, with applicable tests, for each strength and type of 
concrete for approval. Submit a complete list of materials 
including type; brand; source and amount of cement, fly ash, slag, 
and admixtures; and applicable reference specifications. Provide 
mix proportion data using at least three different water-cement 
ratios for each type of mixture, which will produce a range of 
strength encompassing those required for each class and type of 
concrete required. Submittal shall clearly indicate where each mix 
design will be used when more than one mix design is submitted.  
Obtain acknowledgement of approvals prior to concrete placement.  
Submit a new mix design for each material source change.

SD-06 Test Reports

Aggregate tests
Concrete slump tests
Air content tests
Flexural strength tests
Cementitious materials
Albedo
Permeability

SD-07 Certificates

Ready-mixed concrete plant
Batch tickets
Cementitious materials
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SD-11 Closeout Submittals

Local/Regional Materials; (LEED)

LEED documentation relative to local/regional materials credit in 
accordance with LEED Reference Guide. Include in LEED 
Documentation Notebook.

Cementitious Materials; (LEED)
Aggregate; (LEED)

LEED documentation relative to recycled content credit in 
accordance with LEED Reference Guide. Include in LEED 
Documentation Notebook.

Albedo; (LEED)

LEED documentation relative to heat island effect - non-roof 
credit in accordance with LEED Reference Guide. Include in LEED 
Documentation Notebook.

1.4   DELIVERY, STORAGE, AND HANDLING

ASTM C 94/C 94M.

1.5   QUALITY ASSURANCE

1.5.1   Ready-mixed Concrete Plant Certification

Provide documentation that the ready-mix plant is certified by the National 
Ready-Mix Concrete Association (NRMCA).

1.5.2   Required Information

Submit copies of laboratory test reports showing that the mix has been 
successfully tested to produce concrete with the properties specified and 
that mix will be suitable for the job conditions. The laboratory test 
reports shall include mill test and all other test for cementitious 
materials, aggregates, and admixtures. Provide maximum nominal aggregate 
size, gradation analysis, percentage retained and passing sieve, and a 
graph of percentage retained verses sieve size. Test reports shall be 
submitted along with the concrete mix design. Sampling and testing of 
materials, concrete mix design, sampling and testing in the field shall be 
performed by a commercial testing laboratory which conforms to ASTM C 1077. 
The laboratory shall be approved in writing by the Government.

1.5.3   Batch Tickets

ASTM C 94/C 94M. Submit mandatory batch ticket information for each load of 
ready-mixed concrete.

1.5.4   Field-Constructed Mockup

Install minimum 225 square feet to demonstrate typical joints, surface 
finish, texture, color, permeability, and standard of workmanship. When 
Contracting Officer determines that mockup does not meet requirements, 
demolish and remove it from the site and install another until the mockup 
is accepted. Keep accepted mockup undisturbed during construction as a 
standard for judging completed paving. Accepted mockup may be incorporated 
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into final work when approved by Contracting Officer.

1.6   SUSTAINABLE DESIGN REQUIREMENTS

1.6.1   Local/Regional Materials

Use materials or products extracted, harvested, or recovered, as well as 
manufactured, within a 500 mile radius from the project site, if available 
from a minimum of three sources.

PART 2   PRODUCTS

2.1   MATERIALS

2.1.1   Cementitious Materials

Cementitious materials in concrete mix shall be 50 percent non-Portland 
cement pozzolanic materials by weight. Provide test data demonstrating 
compatibility and performance of concrete satisfactory to Contracting 
Officer.

2.1.1.1   Cement

ASTM C 150/C 150M, Type I or II or V or ASTM C 595/C 595M, Type IS, IP, or 
P with maximum alkali content of 0.40%. Cement certificate shall include 
test results in accordance with ASTM C 150/C 150M, including equivalent 
alkalies indicated in the Supplementary Optional Chemical Requirements.

2.1.1.2   Fly Ash and Pozzolan

ASTM C 618, Type F, except that the maximum allowable loss on ignition 
shall be 6%, maximum available alkalies content shall be 1.5%, and maximum 
calcium oxide (CaO) content 8%. Fly ash certificates shall include test 
results in accordance with ASTM C 618, including available alkalies 
indicated in the Supplementary Optional Chemical Requirements.

2.1.1.3   Slag

ASTM C 989, Ground Granulated Blast Furnace Slag (GGBFS), Grade 100 or 120. 
Certificates shall include test results in accordance with ASTM C 989.

2.1.2   Water

ASTM C 94/C 94M, fresh, clean, and potable.

2.1.3   Aggregate

Aggregate shall contain a minimum of 5 percent post-consumer recycled 
content, or a minimum of 20 percent post-industrial recycled content.

2.1.3.1   Alkali Reactivity Test

Aggregates to be used in all concrete shall be evaluated and tested by the 
Contractor for alkali-aggregate reactivity in accordance with ASTM C 1260.  
The types of aggregates shall be evaluated in a combination which matches 
the contractors' proposed mix design (including Class F fly ash or GGBF 
slag), utilizing the modified version of ASTM C 1260. Test results of the 
combination shall have a measured expansion of less than 0.08 percent at 16 
days. Should the test data indicate an expansion of greater than 0.08%, the 
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aggregate(s) shall be rejected and the contractor shall submit new 
aggregate sources for retesting or may submit additional test results 
incorporating Lithium Nitrate for consideration.

ASTM C 1260 shall be modified as follows to include one of the following 
options:

a.  Utilize the contractor's proposed low alkali Portland cement and 
Class F fly ash in combination for the test proportioning. The 
laboratory shall use the contractor's proposed percentage of 
cement and fly ash.

b.  Utilize the contractor's proposed low alkali Portland cement and 
ground granulated blast furnace (GGBF) slag in combination for the 
test proportioning. The laboratory shall use the contractor's 
proposed percentage of cement and GGBF.

c.  Utilize the contractor's proposed low alkali Portland cement and 
Class F fly ash and ground granulated blast furnace (GGBF) slag in 
combination for the test proportioning. The laboratory shall use 
the contractor's proposed percentage of cement, fly ash and GGBF.

2.1.3.2   Fine Aggregates

ASTM C 33/C 33M.

2.1.3.3   Coarse Aggregates

ASTM C 33/C 33M.

2.1.3.4   Tire Aggregate

Comply with ASTM D 6270, Class I Fill.

2.1.4   Admixtures

ASTM C 494/C 494M: Type A, water reducing; Type B, retarding; Type C, 
accelerating; Type D, water-reducing and retarding; and Type E, 
water-reducing and accelerating admixture. Do not use calcium chloride 
admixtures. Where not shown or specified, the use of admixtures is subject 
to written approval of the Contracting Officer.

ASTM C 260: Air-entraining.

2.1.5   Fiber Reinforcement

Pervious concrete shall be reinforced with 100 percent virgin homopolymer 
polypropylene fibrillated fibers. Application rate of fibers shall be not 
less than 1.5 pounds per cubic yard of concrete. Fibers shall be as 
manufactured by Propex Concrete Systems Coporation, 6025 Lee Highway, Suite 
425, Chattanooga, TN 37422; Fibermesh 300; Tel - 800-621-1273 or 
423-892-8080; Fax - 423-892-0157; or approved equal.

2.1.6   Curing Materials

2.1.6.1   White-Burlap-Polyethylene Sheet

ASTM C 171, 0.004 inch thick white opaque polyethylene bonded to 10 
oz/linear yard (40 inch) wide burlap.
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2.1.6.2   Liquid Membrane-Forming Compound

ASTM C 309, white pigmented, Type 2, Class B, free of paraffin or petroleum.

2.1.7   Joint Fillers and Sealants

Provide as specified in Section 32 01 19 FIELD MOLDED SEALANTS FOR SEALING 
JOINTS IN RIGIG PAVEMENTS. New joints shall match existing alignment.

2.1.8   Edge Restraints

Edge restraints for pervious systems shall be concrete.

2.2   CONCRETE PAVEMENT

2.2.1   Albedo

Installed system shall have a minimum solar reflectance (Solar Refective 
Index, SRI) of 29 as measued in accordace with ASTM E 1918.

2.2.2   Permeability

Installed system shall have a minimum permeability rate of 60 percent as 
measured in accordance with ASTM C 497.

2.3   CONTRACTOR-FURNISHED MIX DESIGN

Contractor-furnished mix design concrete shall be designed in accordance 
with ACI 211.1 except as modified herein, and the mix design shall be as 
specified herein under paragraph entitled "Submittals." The concrete shall 
have a minimum flexural strength of 650 pounds per square inch at 90 days.  
The concrete may be air entrained. If air entrainment is used the air 
content shall be 5.0 plus or minus 1.5 percent. Maximum size aggregate for 
slip forming shall be 1.5 inches. The minimum cementitious factor is 564 
lbs per cubic yard and slump shall be 1 to 3 inches (or less when slip form 
is used).

If the cementitious material is not sufficient to produce concrete of the 
flexural strength required it shall be increased as necessary, without 
additional compensation under the contract  The cementitious factor shall 
be calculated using cement, Class F fly ash, and or GGBF slag.  The mix 
shall use a cement replacement (by weight) of 25%-35% Class F fly ash, or 
40%-50% GGBF slag, or a combination of the two. In the combination, each 5% 
of Class F fly ash shall be replaced by 8% GGBF slag.

PART 3   EXECUTION

3.1   PREPARATION FOR PERVIOUS SYSTEMS

Verify compacted subgrade, granular base or stabilized soil is acceptable 
and ready to support paving and imposed loads. Install edge restraints per 
the drawings and manufacturer's recommendations.

3.2   FORMS

3.2.1   Construction

Construct forms to be removeable without damaging the concrete.
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3.2.2   Coating

Before placing the concrete, coat the contact surfaces of forms except 
existing pavement sections where bonding is required, with a non-staining 
mineral oil, non-staining form coating compound, or two coats of 
nitro-cellulose lacquer. When using existing pavement as a form, clean 
existing concrete and then coat with asphalt emulsion bondbreaker before 
concrete is placed.

3.2.3   Grade and Alignment

Check and correct grade elevations and alignment of the forms immediately 
before placing the concrete.

3.3   REINFORCEMENT

3.3.1   FIber Reinforcement

Pervious concrete shall be reinforced with 100 percent virgin homopolymer 
polypropylene fibrillated fibers. Application rate of fibers shall be not 
less than 1.5 pounds per cubic yard of concrete. Fibers shall be as 
manufactured by Propex Concrete Systems Coporation, 6025 Lee Highway, Suite 
425, Chattanooga, TN 37422; Fibermesh 300; Tel - 800-621-1273 or 
423-892-8080; Fax - 423-892-0157; or approved equal.

3.4   MEASURING, MIXING, CONVEYING, AND PLACING CONCRETE

3.4.1   Measuring

ASTM C 94/C 94M.

3.4.2   Mixing

ASTM C 94/C 94M, except as modified herein. Begin mixing within 30 minutes 
after cement has been added to aggregates. When the air temperature is 
greater than 85 degrees F, reduce mixing time and place concrete within 60 
minutes. Additional water may be added to bring slump within required 
limits as specified in Section 11.7 of ASTM C 94/C 94M, provided that the 
specified water-cement ratio is not exceeded.

3.4.3   Conveying

ASTM C 94/C 94M.

3.4.4   Placing

Follow guidance of ACI 301, except as modified herein. Do not exceed a free 
vertical drop of 3 feet from the point of discharge. Place concrete 
continuosly at a uniform rate, with minimum amount of segregation, without 
damage to the grade and without unscheduled stops except for equipment 
failure or other emegencies. If this occurs within 10 feet of a previously 
placed expansion joint, remove concrete back to joint, repair any damage to 
grade, install a construction joint and continue placing concrete only 
after cause of the stop has been corrected.

3.4.5   Vibration

Immediately after spreading concrete, consolidate concrete with internal 
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type vibrating equipment along the boundaries of all slabs regardless of 
slab thickness, and interior of all concrete slabs 6 inches or more in 
thickness. Limit duration of vibration to that necessary to produce 
consolidation of concrete. Excessive vibration will not be permitted.  
Vibrators shall not be operated in concrete at one location for more than 
15 seconds.  At the option of the Contractor, vibrating equipment of a type 
approved by the Contracting Officer may be used to consolidate concrete in 
unreinforced pavement slabs less than 6 inches thick.

3.4.5.1   Vibrating Equipment

Operate equipment, except hand-manipulated equipment, ahead of the 
finishing machine. Select the number of vibrating units and power of each 
unit to properly consolidate the concrete. Mount units on a frame that is 
capable of vertical movement and, when necessary, radial movement, so 
vibrators may be operated at any desired depth within the slab or be 
completely withdrawn from the concrete. Clear distance between 
frame-mounted vibrating units that have spuds that extend into the slab at 
intervals across the paving lane shall not exceed 30 inches. Distance 
between end of vibrating tube and side form shall not exceed 2 inches. For 
pavements less than 10 inches thick, operate vibrators at mid-depth 
parallel with or at a slight angle to the subbase. For thicker pavements, 
angle vibrators toward the vertical, with vibrator tip preferably about 2 
inches from subbase, and top of vibrator a few inches below pavement 
surface.  Vibrators may be pneumatic, gas driven, or electric, and shall be 
operated at frequencies within the concrete of not less than 8,000 
vibrations per minute. Amplitude of vibration shall be such that noticeable 
vibrations occur at 1.5 foot radius when the vibrator is inserted in the 
concrete to the depth specified.

3.4.6   Cold Weather

Except with authorization, do not place concrete when ambient temperature 
is below 40 degrees F or when concrete is likely to be subjected to 
freezing temperatures within 24 hours. When authorized, when concrete is 
likely to be subjected to freezing within 24 hours after placing, heat 
concrete materials so that temperature of concrete when deposited is between
65 and 80 degrees F. Methods of heating materials are subject to approval 
of the Contracting Officer. Do not heat mixing water above 165 degrees F.  
Remove lumps of frozen material and ice from aggregates before placing 
aggregates in mixer. Follow practices found in ACI 306.1.

3.4.7   Hot Weather

Maintain required concrete temperature in accordance with Figure 2.1.5 in 
ACI 305R to prevent evaporation rate from exceeding 0.2 pound of water per 
square foot of exposed concrete per hour. Cool ingredients before mixing or 
use other suitable means to control concrete temperature and prevent rapid 
drying of newly placed concrete. After placement, use fog spray, apply 
monomolecular film, or use other suitable means to reduce the evaporation 
rate. Start curing when surface of fresh concrete is sufficiently hard to 
permit curing without damage. Cool underlying material by sprinkling 
lightly with water before placing concrete. Follow practices found in 
ACI 305R.

3.5   PAVING

Install pervious paving system in accordance with manufacturer's 
recommendations and as indicated. Install surface elevation of the paving 
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system 1/8 to 1/4 inch above adjacent drainage inlets, concrete collars, or 
channels. Manufacturer's recommendations shall take precedence over the 
specifications in the event of conflicting requirements between the two.  
Pavement shall be constructed with paving and finishing equipment utilizing 
fixed forms or slipforms, as appropriate and approved by the Contracting 
Officer.

3.5.1   Consolidation

The paver vibrators shall be inserted into the concrete not closer to the 
underlying material than  2 inches. The vibrators or any tamping units in 
front of the paver shall be automatically controlled so that they shall be 
stopped immediately as forward motion ceases. Excessive vibration shall not 
be permitted. Concrete in small, odd-shaped slabs or in locations 
inaccessible to the paver mounted vibration equipment shall be vibrated 
with a hand-operated immersion vibrator. Vibrators shall not be used to 
transport or spread the concrete.

3.5.2   Operation

When the paver is operated between or adjacent to previously constructed 
pavement (fill-in lanes), provisions shall be made to prevent damage to the 
previously constructed pavement, including keeping the existing pavement 
surface free of any  debris, and placing rubber mats beneath the paver 
tracks. Transversely oscillating screeds and extrusion plates shall overlap 
the existing pavement the minimum possible, but in no case more than  8 
inches.

3.5.3   Required Results

The paver-finisher shall be operated to produce a thoroughly consolidated 
slab throughout, true to line and grade within specified tolerances. The 
paver-finishing operation shall produce a surface finish free of 
irregularities, tears, voids of any kind, and any other discontinuities.  
It shall produce only a very minimum of paste at the surface. Multiple 
passes of the paver-finisher shall not be permitted. The equipment and its 
operation shall produce a finished surface requiring no hand finishing, 
other than the use of cutting straightedges, except in very infrequent 
instances. No water, other than true fog sprays (mist), shall be applied to 
the concrete surface during paving and finishing.

3.5.4   Fixed Form Paving

Forms shall be steel, except that wood forms may be used for curves having 
a radius of 150 feet or less, and for fillets. Forms may be built up with 
metal or wood, added only to the base, to provide an increase in depth of 
not more than 25 percent. The base width of the form shall be not less than 
eight-tenths of the vertical height of the form, except that forms 8 inches 
or less in vertical height shall have a base width not less than the 
vertical height of the form. Wood forms for curves and fillets shall be 
adequate in strength and rigidly braced. Forms shall be set on firm 
material cut true to grade so that each form section when placed will be 
firmly in contact with the underlying layer for its entire base. Forms 
shall not be set on blocks or on built-up spots of underlying material.  
Forms for overlay pavements and for other locations where forms must be set 
on existing pavements shall be held securely in place with stakes or by 
other approved methods. Holes in existing pavements for form stakes shall 
be carefully drilled without cracking or spalling the existing pavement.  
Prior to setting forms for paving operations, the Contractor shall 
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demonstrate the proposed form setting procedures at an approved location 
and shall not proceed further until the proposed method is approved. Forms 
shall remain in place at least 12 hours after the concrete has been placed. 
Forms shall be removed without injuring the concrete.

3.5.5   Slipform Paving

The slipform paver shall shape the concrete to the specified and indicated 
cross section in one pass, and shall finish the surface and edges so that 
only a very minimum amount of hand finishing is required. If a keyway is 
required, a  26 gauge thick metal keyway liner shall be installed as the 
keyway is extruded. The keyway liner shall be protected and shall remain in 
place and become part of the joint.

3.5.6   Placing Reinforcement

Reinforcement fibers shall be thoroghly mixed with the concrete prior to 
placement and in conformance with the fiber manufacturers recommendations.

3.6   FINISHING CONCRETE

Start finishing operations immediately after placement of concrete. Use 
finishing machine, except hand finishing may be used in emergencies and for 
concrete slabs in inaccessible locations or of such shapes or sizes that 
machine finishing is impracticable. Finish pavement surface on both sides 
of a joint to the same grade. Finish formed joints from a securely 
supported transverse bridge. Provide hand finishing equipment for use at 
all times. Transverse and longitudinal surface tolerances shall be 1/4 inch 
in 10 feet.

3.6.1   Side Form Finishing

Strike off and screed concrete to the required crown or slope and 
cross-section by a power-driven transverse finishing machine. Transverse 
rotating tube or pipe shall not be permitted unless approved by the 
Contracting Officer. Elevation of concrete shall be such that, when 
consolidated and finished, pavement surface will be adequately consolidated 
and at the required grade. Equip finishing machine with two screeds which 
are readily and accurately adjustable for changes in pavement crown or 
slope and compensation for wear and other causes. Make as many passes over 
each area of pavement and at such intervals as necessary to give proper 
compaction, retention of coarse aggregate near the finished surface, and a 
surface of uniform texture, true to grade and crown or slope. Do not permit 
excessive operation over an area, which will result in an excess of mortar 
and water being brought to the surface.

3.6.1.1   Equipment Operation

Maintain the travel of machine on the forms without lifting, wobbling, or 
other variation of the machine which tend to affect the precision of 
concrete finish. Keep the tops of the forms clean by a device attached to 
the machine. During the first pass of the finishing machine, maintain a 
uniform ridge of concrete ahead of the front screed for its entire length.

3.6.1.2   Joint Finish

Before concrete is hardened, correct edge slump of pavement, exclusive of 
edge rounding, in excess of 0.02 foot. Finish concrete surface on each side 
of construction joints to the same plane, and correct deviations before 
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newly placed concrete has hardened.

3.6.1.3   Hand Finishing

Strike-off and screed surface of concrete to elevations slightly above 
finish grade so that when concrete is consolidated and finished pavement 
surface is at the indicated elevation. Vibrate entire surface until 
required compaction and reduction of surface voids is secured with a 
strike-off template.

3.6.1.4   Longitudinal Floating

After initial finishing, further smooth and consolidate concrete by means 
of hand-operated longitudinal floats. Use floats that are not less than 12 
feet long and 6 inches wide and stiffened to prevent flexing and warping.

3.6.2   Texturing

Before the surface sheen has disappeared and before the concrete hardens, 
the surface of the pavement shall be given a texture as described herein.  
Following initial texturing on the first day of placement, the Placing 
Foreman, Contracting Officer representative, and a representative of the 
Using Agency shall inspect the texturing for compliance with design 
requirements. After curing is complete, all textured surfaces shall be 
thoroughly power broomed to remove all debris. Any type of transverse 
texturing shall produce grooves in straight lines across each lane within a 
tolerance of plus or minus  1/2 inch of a true line. The concrete in areas 
of recesses for tie-down anchors, lighting fixtures, and other outlets in 
the pavement shall be finished to provide a surface of the same texture as 
the surrounding area.

3.6.2.1   Burlap Drag Finish

Before concrete becomes non-plastic, finish the surface of the slab by 
dragging on the surface a strip of clean, wet burlap measuring from 3 to 10 
feet long and 2 feet wider than the width of the pavement. Select dimension 
of burlap drag so that at least 3 feet of the material is in contact with 
the pavement. Drag the surface so as to produce a finished surface with a 
fine granular or sandy texture without leaving disfiguring marks.

3.6.2.2   Brooming

Finish the surface of the slab by brooming the surface with a new wire 
broom at least 18 inches wide. Gently pull the broom over the surface of 
the pavement from edge to edge just before the concrete becomes 
non-plastic. Slightly overlap adjacent strokes of the broom. Broom 
perpendicular to centerline of pavement so that corrugations produced will 
be uniform in character and width, and not more than 1/16 inch in depth.  
Broomed surface shall be free from porous spots, irregularities, 
depressions, and small pockets or rough spots such as may be caused by 
accidentally disturbing particles of coarse aggregate embedded near the 
surface.

3.6.2.3   Wire-Comb Texturing

Surface texture transverse to the pavement center line shall be applied 
using a mechanical wire comb drag. The comb shall be capable of traversing 
the full width of the pavement in a single pass at a uniform speed and with 
a uniform pressure. Successive passes of the comb shall be overlapped the 
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minimum necessary to obtain a continuous and uniformly textured surface.  
The scores shall be 1/16 to 3/16 inch deep, 1/16 to 1/8 inch wide, and 
spaced 3/8 inch apart.

3.6.3   Edging

At the time the concrete has attained a degree of hardness suitable for 
edging, carefully finish slab edges, including edges at formed joints, with 
an edge having a maximum radius of one-eighth inch. When brooming is 
specified for the final surface finish, edge transverse joints before 
starting brooming, then operate broom to obliterate as much as possible the 
mark left by the edging tool without disturbing the rounded corner left by 
the edger. Clean by removing loose fragments and soupy mortar from corners 
or edges of slabs which have crumbled and areas which lack sufficient 
mortar for proper finishing. Refill voids solidly with a mixture of 
suitable proportions and consistency and refinish. Remove unnecessary tool 
marks and edges. Remaining edges shall be smooth and true to line. Install 
edge restraints of pervious systems per the drawings and manufacturer's 
recommendations.

3.6.4   Repair of Surface Defects

Follow guidance of ACI 301.

3.7   CURING AND PROTECTION

Protect concrete adequately from injurious action by sun, rain, flowing 
water, frost, mechanical injury, tire marks and oil stains, and do not 
allow it to dry out from the time it is placed until the expiration of the 
minimum curing periods specified herein. Use White-Burlap-Polyethylene 
Sheet or liquid membrane-forming compound, except as specified otherwise 
herein. Do not use membrane-forming compound on surfaces where its 
appearance would be objectionable, on surfaces to be painted, where 
coverings are to be bonded to concrete, or on concrete to which other 
concrete is to be bonded. Maintain temperature of air next to concrete above
 40 degrees F for the full curing periods.

3.7.1   White-Burlap-Polyethylene Sheet

Wet entire exposed surface thoroughly with a fine spray of water, saturate 
burlap but do not have excessive water dripping off the burlap and then 
cover concrete with White-Burlap-Polyethylene Sheet, burlap side down.  Lay 
sheets directly on concrete surface and overlap 12 inches. Make sheeting 
not less than 18 inches wider than concrete surface to be cured, and weight 
down on the edges and over the transverse laps to form closed joints.  
Repair or replace sheets when damaged during curing. Check daily to assure 
burlap has not lost all moisture. If moisture evaporates, resaturate burlap 
and re-place on pavement (re-saturation and re-placing shall take no longer 
than 10 minutes per sheet). Leave sheeting on concrete surface to be cured 
for at least 7 days.

3.7.2   Liquid Membrane-Forming Compound Curing

Apply compound immediately after surface loses its water sheen and has a 
dull appearance and before joints are sawed. Agitate curing compound 
thoroughly by mechanical means during use and apply uniformly in a two-coat 
continuous operation by suitable power-spraying equipment. Total coverage 
for the two coats shall be at least one gallon of undiluted compound per 
200 square feet. Compound shall form a uniform, continuous, coherent film 
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that will not check, crack, or peel and shall be free from pinholes or 
other imperfections. Apply an additional coat of compound immediately to 
areas where film is defective. Respray concrete surfaces that are subject 
to heavy rainfall within 3 hours after curing compound has been applied in 
the same manner.

3.7.2.1   Protection of Treated Surfaces

Keep concrete surfaces to which liquid membrane-forming compounds have been 
applied free from vehicular traffic and other sources of abrasion for not 
less than 72 hours. Foot traffic is allowed after 24 hours for inspection 
purposes. Maintain continuity of coating for entire curing period and 
repair damage to coating immediately.

3.8   FIELD QUALITY CONTROL

3.8.1   Sampling

The Contractor's approved laboratory shall collect samples of fresh 
concrete in accordance with ASTM C 172 during each working day as required 
to perform tests specified herein. Make test specimens in accordance with 
ASTM C 31/C 31M.

3.8.2   Consistency Tests

The Contractor's approved laboratory shall perform concrete slump tests in 
accordance with ASTM C 143/C 143M. Take samples for slump determination 
from concrete during placement. Perform tests at the beginning of a 
concrete placement operation and and for each batch (minimum) or every 20 
cubic yards (maximum) of concrete to ensure that specification requirements 
are met. In addition, perform tests each time test beams and cylinders are 
made.

3.8.3   Flexural Strength Tests

The Contractor's approved laboratory shall test for flexural strength in 
accordance with ASTM C 78. Make four test specimens for each set of tests.  
Test two specimens at 28 days, and the other two at 90 days. Concrete 
strength will be considered satisfactory when the minimum of the 28-day 
test results equals or exceeds the specified 90-day flexural strength, and 
no individual strength test is less than 550 pounds per square inch. If the 
ratio of the 28-day strength test to the specified 90-day strength is less 
than 65 percent, make necessary adjustments for conformance. Frequency of 
flexural tests on concrete beams shall be not less than four test beams for 
each 50 cubic yards of concrete, or fraction thereof, placed. Concrete 
which is determined to be defective, based on the strength acceptance 
criteria therein, shall be removed and replaced with acceptable concrete.

3.8.4   Air Content Tests

Test air-entrained concrete for air content at the same frequency as 
specified for slump tests. Determine percentage of air in accordance with 
ASTM C 231 on samples taken during placement of concrete in forms.

3.8.5   Surface Testing

Surface testing for surface smoothness and plan grade shall be performed as 
indicated below by the Testing Laboratory. The measurements shall be 
properly referenced in accordance with paving lane identification and 

SECTION 32 13 13.06  Page 14



NASA/DFRC - FACILITIES SUPPORT CENTER, EDM-1703
FINAL SUBMITTAL

stationing, and a report given to the Government within 24 hours after 
measurement is made. A final report of surface testing, signed by a 
Registered Engineer, containing all surface measurements and a description 
of all actions taken to correct deficiencies, shall be provided to the 
Government upon conclusion of surface testing.

3.8.5.1   Surface Smoothness Requirements

The finished surfaces of the pavements shall have no abrupt change of 1/8 
inch or more, and all pavements shall be within the tolerances specified 
when checked with a 12 foot straightedge: 1/5 inch longitudinal and 1/4 inch
transverse directions for roads and streets and 1/4 inch for both 
directions for other concrete surfaces, such as parking areas. Variations 
in final pervious surface shall not be more than 3/8 inch under a 10 foot 
straightedge.

3.8.5.2   Surface Smoothness Testing Method

The surface of the pavement shall be tested with the straightedge to 
identify all surface irregularities exceeding the tolerances specified 
above. The entire area of the pavement shall be tested in both a 
longitudinal and a transverse direction on parallel lines approximately 15 
feet apart. The straightedge shall be held in contact with the surface and 
moved ahead one-half the length of the straightedge for each successive 
measurement. The amount of surface irregularity shall be determined by 
placing the straightedge on the pavement surface and allowing it to rest 
upon the two highest spots covered by its length and measuring the maximum 
gap between the straightedge and the pavement surface, in the area between 
these two high points.

3.8.6   Plan Grade Testing and Conformance

The surfaces shall vary not more than 0.06 foot above or below the plan 
grade line or elevation indicated. Each pavement category shall be checked 
by the Contractor for conformance with plan grade requirements by running 
lines of levels at intervals to determine the elevation at each joint 
intersection.

3.8.7   Test for Pavement Thickness

Measure during concrete placement to determine in-place thickness of 
concrete pavement.

3.8.8   Albedo

The solar reflective Index of the finished pavement shall be measured at 
the rate of one test per 2000 square yards of pavent placed in accordance 
with ASTM E 1918.

3.8.9   Permeability

Test pavement permeability at the same frequency as the tests for albedo in 
accordance wih ASTM C 497.

3.9   WASTE MANAGEMENT

In accordance with the Waste Management Plan. Protect excess material from 
contamination and return to manufacturer, or reuse on-site for walkways, 
patching, ditch beds, speed bumps, or curbs.
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        -- End of Section --
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SECTION 32 13 15.20

CAST-IN-PLACE CONCRETE FOR SITE WORK
07/06

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced. The publications are referred to within the text by the 
basic designation only.

ACI INTERNATIONAL (ACI)

ACI 117 (1990; R 2002) Standard Tolerances for 
Concrete Construction and Materials & 
Commentary

ACI 211.1 (1991; R 2002) Standard Practice for 
Selecting Proportions for Normal, 
Heavyweight, and Mass Concrete

ACI 301 (2005) Specifications for Structural 
Concrete for Buildings

ACI 302.1R (2004) Guide for Concrete Floor and Slab 
Construction

ACI 304.2R (1996) Placing Concrete by Pumping Methods

ACI 304R (2000) Guide for Measuring, Mixing, 
Transporting, and Placing Concrete

ACI 305R (1999) Hot Weather Concreting

ACI 306.1 (1990; R 2002) Standard Specification for 
Cold Weather Concreting

ACI 318M/318RM (2002) Metric Building Code Requirements 
for Structural Concrete and Commentary

ACI 347R (2003) Guide to Formwork for Concrete

ACI SP-66 (2004) ACI Detailing Manual

AMERICAN ASSOCIATION OF STATE HIGHWAY AND TRANSPORTATION OFFICIALS 
(AASHTO)

AASHTO M 182 (1991; R 2000) Burlap Cloth Made from Jute 
or Kenaf

AMERICAN HARDBOARD ASSOCIATION (AHA)

AHA A135.4 (1995) Basic Hardboard
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ASTM INTERNATIONAL (ASTM)

ASTM A 185 (2002) Steel Welded Wire Reinforcement, 
Plain, for Concrete

ASTM A 496 (2002) Steel Wire, Deformed, for Concrete 
Reinforcement

ASTM A 497 (2002) Steel Welded Wire Reinforcement, 
Deformed, for Concrete

ASTM A 615/A 615M (2004b) Deformed and Plain Billet-Steel 
Bars for Concrete Reinforcement

ASTM A 616/A 616M (1996a) Rail-Steel Deformed and Plain Bars 
for Concrete Reinforcement

ASTM A 617/A 617M (1996a) Axle-Steel Deformed and Plain Bars 
for Concrete Reinforcement

ASTM A 82 (2002) Steel Wire, Plain, for Concrete 
Reinforcement

ASTM C 1107 (2002) Packaged Dry, Hydraulic-Cement 
Grout(Nonshrink)

ASTM C 143/C 143M (2003) Slump of Hydraulic Cement Concrete

ASTM C 150 (2005) Portland Cement

ASTM C 171 (2003) Sheet Materials for Curing Concrete

ASTM C 172 (2004) Sampling Freshly Mixed Concrete

ASTM C 173/C 173M (2001el) Air Content of Freshly Mixed 
Concrete by the Volumetric Method

ASTM C 192/C 192M (2002) Making and Curing Concrete Test 
Specimens in the Laboratory

ASTM C 227 (2003) Potential Alkali Reactivity of 
Cement-Aggregate Combinations (Mortar-Bar 
Method)

ASTM C 231 (2004) Air Content of Freshly Mixed 
Concrete by the Pressure Method

ASTM C 260 (2001) Air-Entraining Admixtures for 
Concrete

ASTM C 295 (2003) Petrographic Examination of 
Aggregates for Concrete

ASTM C 309 (2003) Liquid Membrane-Forming Compounds 
for Curing Concrete

ASTM C 31/C 31M (2003a) Making and Curing Concrete Test 
Specimens in the Field
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ASTM C 33 (2003) Concrete Aggregates

ASTM C 39 (1993a) Compressive Strength of 
Cylindrical Concrete Specimens

ASTM C 42/C 42M (2004) Obtaining and Testing Drilled Cores 
and Sawed Beams of Concrete

ASTM C 494/C 494M (2004) Chemical Admixtures for Concrete

ASTM C 59/C 59M5 (2000; Rev A) Blended Hydraulic Cements

ASTM C 618 (2003) Coal Fly Ash and Raw or Calcined 
Natural Pozzolan for Use as a Mineral 
Admixture in Concrete

ASTM C 881 (1999) Epoxy-Resin-Base Bonding Systems 
for Concrete

ASTM C 94/C 94M (2004a) Ready-Mixed Concrete

ASTM C 989 (2004) Ground Granulated Blast-Furnace 
Slag for Use in Concrete and Mortars

ASTM D 1751 (2004) Preformed Expansion Joint Filler 
for Concrete Paving and Structural 
Construction (Nonextruding and Resilient 
Bituminous Types)

ASTM D 1752 (2004a) Preformed Sponge Rubber and Cork 
Expansion Joint Fillers for Concrete 
Paving and Structural Construction

ASTM D 1854 (2002) Jet-Fuel-Resistant Concrete Joint 
Sealer, Hot-Applied Elastic Type

FOREST STEWARDSHIP COUNCIL (FSC)

FSC STD 01 001 (2000) Principles and Criteria for Forest 
Stewardship

U.S. DEPARTMENT OF COMMERCE (DOC)

PS1 (1995) Construction and Industrial Plywood 
(APA V995)

U.S. GENERAL SERVICES ADMINISTRATION (GSA)

FS SS-S-200 (Rev E; Am 2) Sealant, Joint, 
Two-Component, Jet-Blast-Resistant, 
Cold-Applied, for Portland Cement Concrete 
Pavement

1.2   DEFINITIONS

a.  "Cementitious material" as used herein shall include all portland 
cement, pozzolan, fly ash, and ground iron blast-furnace slag.

b.  "Exposed to public view" means situated so that it can be seen 
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from eye level from a public location after completion of the 
building.  A public location is accessible to persons not 
responsible for operation or maintenance of the building.

1.3   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for Contractor Quality Control 
approval. The following shall be submitted in accordance with Section 
01 33 00 SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Formwork
Reinforcing steel; G

Reproductions of contract drawings are unacceptable.

SD-03 Product Data

Materials for curing concrete; G
Local/Regional Materials; G

Joint sealants; G

Submit manufacturer's product data, indicating VOC content

Joint filler; G

Cement;  G

Reinforcement; G

Submit documentation indicating percentage of post-industrial and 
post-consumer recycled content per unit of product. Indicate 
relative dollar value of recycled content products to total dollar 
value of products included in project.

Epoxy bonding compound; G

Local/Regional Materials

Submit documentation indicating distance between manufacturing 
facility and the project site. Indicate distance of raw material 
origin from the project site. Indicate relative dollar value of 
local/regional materials to total dollar value of products 
included in project.

Biodegradable Form Release Agent; G

Submit documentation indicating type of biobased material in 
product and biobased content. Indicate relative dollar value of 
biobased content products to total dollar value of products 
included in project.

Handhole Frames and Covers

SD-05 Design Data
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Concrete mix design; G

Thirty days minimum prior to concrete placement, submit a mix 
design for each strength and type of concrete. Submit a complete 
list of materials including type; brand; source and amount of 
cement, fly ash, pozzolans, ground slag, and admixtures; and 
applicable reference specifications. Provide mix proportion data 
using at least three different water-cement ratios for each type 
of mixture, which will produce a range of strength encompassing 
those required for each class and type of concrete required. If 
source material changes, resubmit mix proportion data using 
revised source material. No material shall be provided unless 
proven by trial mix studies to meet the requirements of this 
specification, unless otherwise approved in writing by the 
Contracting Officer.  The submittal shall clearly indicate where 
each mix design will be used when more than one mix design is 
submitted. Submit additional data regarding concrete aggregates if 
the source of aggregate changes. In addition, copies of the fly 
ash, and pozzolan test results shall be submitted. The approval of 
fly ash, and pozzolan test results shall have been within 6 months 
of submittal date. Obtain acknowledgement of receipt prior to 
concrete placement.

SD-06 Test Reports

Concrete mix design; G
Fly ash
Pozzolan
Ground iron blast-furnace slag
Aggregates
Compressive strength tests
Flexural strength tests
Air Content

SD-07 Certificates

Form removal schedule
Biodegradable Form Release Agent
VOC Content for form release agents and curing compounds
Material Safety Data Sheets
Forest Stewardship Council (FSC) Certification

1.4   MODIFICATION OF REFERENCES

Accomplish work in accordance with ACI publications except as modified 
herein. Consider the advisory or recommended provisions to be mandatory, as 
though the word "shall" had been substituted for the words "should" or 
"could" or "may," wherever they appear. Interpret reference to the 
"Building Official," the "Structural Engineer," and the 
"Architect/Engineer" to mean the Contracting Officer.

1.5   DELIVERY, STORAGE, AND HANDLING

Do not deliver concrete until vapor barrier, forms, reinforcement, embedded 
items, and chamfer strips are in place and ready for concrete placement. 
ACI 301 for job site storage of materials. Protect materials from 
contaminants such as grease, oil, and dirt. Ensure materials can be 
accurately identified after bundles are broken and tags removed. Do not 
store concete curing compounds or sealers with materials that have a high 
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capacity to adsorb volatile organic compound (VOC) emissions. Do not store 
concrete curing compounds or sealers in occupied spaces.

1.5.1   Reinforcement

Store reinforcement of different sizes and shapes in separate piles or 
racks raised above the ground to avoid excessive rusting. Protect from 
contaminants such as grease, oil, and dirt. Ensure bar sizes can be 
accurately identified after bundles are broken and tags removed.

1.6   Quality Assurance

1.6.1   Design Data

1.6.1.1   Formwork Calculations

ACI 347R. Include design calculations indicating arrangement of forms, 
sizes and grades of supports (lumber), panels, and related components.  
Furnish drawings and calculations of shoring and reshoring methods proposed 
for floor and roof slabs, spandrel beams, and other horizontal concrete 
members.

1.6.2   Drawings

1.6.2.1   Formwork

Drawings showing details of formwork including; joints, supports, studding 
and shoring, and sequence of form and shoring removal. Reproductions of 
contract drawings are unacceptable.

1.6.2.2   Reinforcing Steel

ACI SP-66. Indicate bending diagrams, assembly diagrams, splicing and laps 
of bars, shapes, dimensions, and details of bar reinforcing, accessories, 
and concrete cover. Do not scale dimensions from structural drawings to 
determine lengths of reinforcing bars.

1.6.3   Control Submittals

1.6.3.1   Curing Concrete Elements

Submit proposed materials and methods for curing concrete elements.

1.6.3.2   Pumping Concrete

Submit proposed materials and methods for pumping concrete. Submittal shall 
include mix designs, pumping equipment including type of pump and size and 
material for pipe, and maximum length and height concrete will be pumped.

1.6.3.3   Form Removal Schedule

Submit schedule for form removal indicating element and minimum length of 
time for form removal.

1.6.3.4   VOC Content for form release agents and curing compounds

Submit certification for the form release agent and curing compounds that 
indicate the VOC content of each product.
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1.6.3.5   Material Safety Data Sheets

Submit Material Safety Data Sheets (MSDS) for all materials that are 
regulated for hazardous health effects. Prominently post the MSDS at the 
construction site.

1.6.4   Test Reports

1.6.4.1   Concrete Mix Design

Submit copies of laboratory test reports showing that the mix has been 
successfully tested to produce concrete with the properties specified and 
that mix will be suitable for the job conditions. The laboratory test 
reports shall include mill test and all other test for cement, aggregates, 
and admixtures. Provide maximum nominal aggregate size, gradation analysis, 
percentage retained and passing sieve, and a graph of percentage retained 
verses sieve size. Test reports shall be submitted along with the concrete 
mix design. Obtain approval before concrete placement.

1.6.4.2   Fly Ash and Pozzolan

Submit test results in accordance with ASTM C 618 for fly ash and pozzolan. 
Submit test results performed within 6 months of submittal date. Submit 
manufacturer's policy statement on fly ash use in concrete.

1.6.4.3   Ground Iron Blast-Furnace Slag

Submit test results in accordance with ASTM C 989 for ground iron 
blast-furnace slag. Submit test results performed within 6 months of 
submittal date. Submit manufacturer's policy statement on slag use in 
concrete.

1.6.4.4   Aggregates

ASTM C 227 for potential alkali-silica reactions, ASTM C 295 for 
petrographic analysis.

1.7   ENVIRONMENTAL REQUIREMENTS

Provide space ventilation according to manufacturer recommendations, at a 
minimum, during and following installation of concrete curing compound and 
sealer. Maintain one of the following ventilation conditions during the 
curing compound/sealer curing period or for 72 hours after installation:

a. Supply 100 percent outside air 24 hours a day.

b. Supply airflow at a rate of 6 air changes per hour, when outside 
temperatures are between 55 degrees F and 85 degrees F and humidity is 
between 30 percent and 60 percent.

c. Supply airflow at a rate of 1.5 air changes per hour, when outside air 
conditions are not within the range stipulated above.

1.8   SUSTAINABLE DESIGN REQUIREMENTS

1.8.1   Local/Regional Materials

Use materials or products extracted, harvested, or recovered, as well as 
manufactured, within a 500 mile radius from the project site, if available 
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from a minimum of three sources.

1.8.2   Forest Stewardship Council (FSC) Certification

Use FSC-certified wood where specified. Provide letter of certification 
signed by lumber supplier. Indicate compliance with FSC STD 01 001 and 
identify certifying organization. Submit FSC certification numbers; 
identify each certified product on a line-item basis. Submit copies of 
invoices bearing the FSC certification numbers.

PART 2   PRODUCTS

2.1   MATERIALS FOR FORMS

Provide wood, plywood, plastic, carton, or steel. Use plywood or steel 
forms where a smooth form finish is required. Submit data verifying that 
composite wood products contain no urea formaldehyde resins. Virgin wood 
used shall be FSC-certified.

2.1.1   Wood Forms

Lumber shall be square edged or tongue-and-groove boards, free of raised 
grain, knotholes, or other surface defects. Plywood: PS1, B-B concrete form 
panels or better or AHA A135.4, hardboard for smooth form lining. Submit 
data verifying that composite wood products contain no urea formaldehyde 
resins. Virgin wood used shall be FSC-certified.

2.1.2   Plastic Forms

Plastic forms shall contain a minimum 0f 50 percent post-consumer recycled  
content, or a minimum of 50 percent post-industrial recycled content.

2.1.3   Carton Forms

Moisture resistant treated paper faces, biodegradable, structurally 
sufficient to support weight of wet concrete until initial set. Carton 
forms shall contain a minimum of 5 percent post-consumer recycled content, 
or a minimum 0f 20 percent post-industrial recycled content.

2.1.4   Steel Forms

Steel form surfaces shall not contain irregularities, dents, or sags.

2.2   FORM TIES AND ACCESSORIES

The use of wire alone is prohibited. Form ties and accessories shall not 
reduce the effective cover of the reinforcement.

2.2.1   Dovetail Anchor Slot

Preformed metal slot approximately 1 by 1 inch of not less than 22 gage 
galvanized steel cast in concrete. Coordinate actual size and throat 
opening with dovetail anchors and provide with removable filler material.

2.3   CONCRETE

2.3.1   Contractor-Furnished Mix Design

ACI 211.1, ACI 301, and ACI 318M/318RM, except as otherwise specified. The 
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compressive strength (f'c) of the concrete for each portion of the 
structure(s) shall be as indicated and as specified below.

                 f'c         ASTM C 33               Maximum
                 (Min. 28-   Maximum       Range     Water-
                 Day Comp.   Nominal       of        Cement      Air
                 Strength)   Aggregate     Slump     Ratio       Entr.
    Location     (psi)       (Size No.)   (inches)   (by weight) (percent)

  Site Work-     2,500        67           1-4        0.45-0.50   2-4
  Walks, Curbs,
  Gutters

                 R           ASTM C 33               Maximum
                 (Min. 28-   Maximum       Range     Water-
                 Day Flex.   Nominal       of        Cement      Air
                 Strength)   Aggregate     Slump     Ratio       Entr.
    Location     (psi)       (Size No.)   (inches)   (by weight) (percent)

  Pavement/Roads  700          67           1-3        0.45-0.50   2-4
  
  
Maximum slump shown above may be increased 1 inch for methods of 
consolidation other than vibration. Slump may be increased to 8 inches when 
superplasticizers are used. Provide air entrainment using air-entraining 
admixture. Air entrainment shall be within plus or minus 1.5 percent of the 
value specified. The water soluble chloride ion concentrations in hardened 
concrete at ages from 28 to 42 days shall not exceed 0.15.

Note (a): Entrapped air shall be 3% or less.

Proportion concrete mixes for strength at 30 days.

2.3.1.1   Mix Proportions for Normal Weight Concrete

Trial design batches, mixture proportioning studies, and testing 
requirements for various classes and types of concrete specified shall be 
the responsibility of the Contractor. Mixture proportions shall be based on 
compressive strength as determined by test specimens fabricated in 
accordance with ASTM C 192/C 192M and tested in accordance with ASTM C 39.  
Samples of all materials used in mixture proportioning studies shall be 
representative of those proposed for use in the project and shall be 
accompanied by the manufacturer's or producer's test report indicating 
compliance with these specifications. Trial mixtures having proportions, 
consistencies, and air content suitable for the work shall be made based on 
methodology described in ACI 211.1. The trial mixture shall use at least 
three different water-cement ratios for each type of mixture, which will 
produce a range of strength encompassing those required for each class and 
type of concrete required on the project. The maximum water-cement ratio 
required will be based on equivalent water-cement ratio calculations as 
determined by the conversion from the weight ratio of water to cement plus 
pozzolan, and ground granulated blast-furnace slag by weight equivalency 
method. Laboratory trial mixture shall be designed for maximum permitted 
slump and air content. Each combination of material proposed for use shall 
have separate trial mixture, except for accelerator or retarder use can be 
provided without separate trial mixture. The temperature of concrete in 
each trial batch shall be reported. For each water-cement ratio, at least 
three test cylinders for each test age shall be made and cured in 
accordance with ASTM C 192/C 192M and tested in accordance with ASTM C 39 
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for 7 and 28 days. From these results, a curve shall be plotted showing the 
relationship between water-cement ratio and strength for each set of trial 
mix studies. In addition a curve shall be plotted showing the relationship 
between 7 and 28 day strengths.

2.3.1.2   Required Average Strength of Mix Design

The selected mixture shall produce an average compressive strength 
exceeding the specified strength by the amount indicated in ACI 301. When a 
concrete production facility has a record of at least 15 consecutive tests, 
the standard deviation shall be calculated and the required average 
compressive strength shall be determined in accordance with ACI 301. When a 
concrete production facility does not have a suitable record of tests to 
establish a standard deviation, the required average strength shall be as 
follows:

a.  For f'c between 3000 and 5000 psi, 1200 psi plus f'c.

2.4   MATERIALS

2.4.1   Cement

ASTM C 150, Type I or II or ASTM C 59/C 59M5, Type IP(MS) or IS(MS),  
IP(MH), or IS(MH) blended cement except as modified herein. The blended 
cement shall consist of a mixture of ASTM C 150, Type II, cement and one of 
the following materials: ASTM C 618 pozzolan or fly ash, ASTM C 989 ground 
iron blast-furnace slag. The pozzolan or fly ash content shall not exceed 
25 percent by weight of the total cementitious material. The ground iron 
blast-furnace slag shall not exceed 50 percent by weight of total 
cementitious material. For exposed concrete, use one manufacturer for each 
type of cement, ground slag, fly ash, and pozzolan.

2.4.1.1   Fly Ash and Pozzolan

ASTM C 618, Type N, F, or C, except that the maximum allowable loss on 
ignition shall be 6 percent for Types N and F. Add with cement.

2.4.1.2   Ground Iron Blast-Furnace Slag

ASTM C 989, Grade 120. Slag content shall be a minimum of 25 percent by 
weight of cementitious material.

2.4.2   Water

Minimize the amount of water in the mix. The amount of water shall not 
exceed 45 percent by weight of cementitious materials (cement + pozzolans), 
and in general, workability shall be improved by adjusting the grading 
rather than by adding water. Water shall be fresh, clean, and potable; free 
from injurious amounts of oils, acids, alkalis, salts, organic materials, 
or other substances deleterious to concrete.

2.4.3   Aggregates

ASTM C 33, except as modified herein. Furnish aggregates for exposed 
concrete surfaces from one source. Aggregates shall not contain any 
substance which may be deleteriously reactive with the alkalis in the 
cement.
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2.4.3.1   Recycled Aggregate Materials

Use a minimum of 25 percent recycled aggregate, depending on local 
availability and conforming to requirements of the mix design. Recycled 
aggregate to include: recovered glass; recovered concrete; recovered 
porcelain; and recovered stone that meets aggregate requirements specified. 
Submit recycled material request with the aggregate certification 
submittals and do not use until approved by the Contracting Officer.

2.4.4   Nonshrink Grout

ASTM C 1107.

2.4.5   Admixtures

ASTM C 494/C 494M: Type A, water reducing; Type B, retarding; Type C, 
accelerating; Type D, water-reducing and retarding; and Type E, 
water-reducing and accelerating admixture. Do not use calcium chloride 
admixtures.

2.4.5.1   Air-Entraining

ASTM C 260.

2.4.6   Materials for Curing Concrete

2.4.6.1   Impervious Sheeting

ASTM C 171; waterproof paper, clear or white polyethylene sheeting, or 
polyethylene-coated burlap.

2.4.6.2   Pervious Sheeting

AASHTO M 182.

2.4.6.3   Liquid Membrane-Forming Compound

ASTM C 309, white-pigmented, Type 2, Class B.

2.4.7   Expansion/Contraction Joint Filler

ASTM D 1751, ASTM D 1752, or 100% post-consumer paper meeting ASTM D 1752 
(subparagraphs 5.1 to 5.4). Material shall be  1/2 inch thick.

2.4.8   Joint Sealants

2.4.8.1   Horizontal Surfaces, 3 Percent Slope, Maximum

ASTM D 1854 for surfaces subjected to jet fuel, Type M, Class 25, Use T.

2.4.8.2   Vertical Surfaces Greater Than 3 Percent Slope

 FS SS-S-200, no sag.

2.4.9   Epoxy Bonding Compound

ASTM C 881. Provide Type I for bonding hardened concrete to hardened 
concrete; Type II for bonding freshly mixed concrete to hardened concrete; 
and Type III as a binder in epoxy mortar or concrete, or for use in bonding 
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skid-resistant materials to hardened concrete. Provide Grade 1 or 2 for 
horizontal surfaces and Grade 3 for vertical surfaces.  Provide Class A if 
placement temperature is below 40 degrees F; Class B if placement 
temperature is between 40 and 60 degrees F; or Class C if placement 
temperature is above 60 degrees F.

2.4.9.1   Epoxy Resin

All epoxy resin materials shall be two-component materials conforming to 
ASTM C 881, Class as appropriate for each application temperature to be 
encountered, except that in addition, the materials shall meet the 
following requirements:

a.   Materials used for embedding dowels and anchor bolts shall be 
Type IV, Grade 3.

b.   Material used as patching material for complete filling of 
spalls and other voids and for use in preparing epoxy resin mortar 
shall be Type III, Grade as approved by the Contracting Officer.

c.   Materials for use for injecting cracks shall be Type IV, 
Grade 1.

d.   Material for bonding freshly mixed Portland cement concrete 
or mortar or freshly mixed epoxt resin concrete or mortar to 
hardened concrete shall be TypeV, Grade as approved by the 
Contracting Officer.

2.4.10   Biodegradable Form Release Agent

Form release agent shall be colorless, biodegradable, and with a maximum of 
55 grams/liter (g/l) volatile organic (VOC) content. Product shall not bond 
with, stain, or adversely affect concrete surfaces and shall not impair 
subsequent treatments of concrete surfaces. The form release agent shall 
not contain diesel fuel, petroleum-based lubricating oils, waxes, or 
kerosene.

2.4.11   Mortar Filling Compound

Mortar filler compound shall be a one-component concrete repair and 
anchoring material. The mortar filler compound shall: provide rapid, 
high-early strength (i.e., approximately 2,000 psi compressive strength in 
one hour); set in aproximately 15 minutes; take rubber tire traffic 45 
minutes after placement; be resistant to freeze/thaw cycles; be able to air 
cuure at ambient temperatures up to 100 degrees F; and, be 
sulfate-resistant. The mortar filler material shall be Set 45 Hot Weather 
formula as manufactured by White Cap Industries, 3120 Airway Avenue, Costa 
Mesa, CA 92628, or approved equal.

2.5   REINFORCEMENT

Connectors and chairs shall be galvanized.

2.5.1   Reinforcing Bars

ACI 301 unless otherwise specified. ASTM A 615/A 615M and ASTM A 617/A 617M 
with the bars marked A, S, W, Grade 60; or ASTM A 616/A 616M with the bars 
marked R, Grade 60. Reinforcing bars shall contain a minimum of 100 percent 
recycled content. Reinforcing bars may contain post-consumer or 
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post-industrial recycled content.

2.5.2   Mechanical Reinforcing Bar Connectors

ACI 301. Provide 125 percent minimum yield strength of the reinforcement 
bar.

2.5.3   Welded Wire Fabric

ASTM A 185 or ASTM A 497. Fabric shall contain a minimum of 100 percent 
recycled content. Provide flat sheets of welded wire fabric for slabs and 
toppings.

2.5.4   Wire

ASTM A 82 or ASTM A 496.

2.5.5   Reinforcing Bar Supports

Provide bar ties and supports of coated or non corrodible material.

2.6   Dowels and Tie Bars

2.6.1   Dowels

Dowels shall be single piece reinforcing steel bars fabricated or cut to 
length at the shop or mill before delivery to the site. Dowels shall be 
free of loose, flakey rust and mill scale and shall be clean and straight.  
Dowels may be sheared to length provided that the deformation from true 
shape caused by shearing does not extend more than 0.04 inches from the end 
of the dowel. Dowels shall be plain (non-deformed) steel bars conforming to 
ASTM A 615/A 615M, Grade 60 or ASTM A 996/A 996M, Grade 60. Grout retention 
rings shall be fully circular metal or plastic devices capable of 
supporting the dowel until the epoxy hardens.

2.6.2   Dowel Bar Assemblies

Dowel bar assemblies shall consist of a framework of metal bars or wires 
arranged to provide rigid support for the dowel throughout the paving 
operation, with a minimum of four continuous bars or wires extending along 
the joint line. The dowels shall be welded to the assembly or held firmly 
by mechanical locking arrangements that will prevent them from rising, 
sliding out, or becoming distorted during paving operations.

2.6.3   Tie Bars

Tie bars shall be deformed steel bars conforming to ASTM A 615/A 615M or 
ASTM A 996/A 996M, Grade 60 and of the sizes and dimensions indicated.

2.6.4   Fiber Reinforcement

Pervious concrete shall be reinforced with 100 percent virgin homopolymer 
polypropylene fibrillated fibers. Application rate of fibers shall be not 
less than 1.5 pounds per cubic yard of concrete. Fibers shall be as 
manufactured by Propex Concrete Systems Coporation, 6025 Lee Highway, Suite 
425, Chattanooga, TN 37422; Fibermesh 300; Tel - 800-621-1273 or 
423-892-8080; Fax - 423-892-0157; or approved equal.
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2.7   Handhole Frames and Covers

Frames and covers of steel shall be welded by qualified welders in 
accordance with standard commercial practice. Steel covers shall be 
rolled-steel floor plate having an approved antislip surface. Hinges shall 
be of wrought steel, 5 by 5 inches by approximately 3/16 inch thick, 
without screw holes, and shall be for full surface application by fillet 
welding. Hinges shall have nonremovable pins and five knuckles. The 
surfaces of plates under hinges shall be true after the removal of raised 
antislip surface, by grinding or other approved method.

PART 3   EXECUTION

3.1   PREPARATION

Determine the quantity of concrete needed and minimize the production of 
excess concrete. Designate locations or uses for potential excess concrete 
before concrete is poured.

3.2   FORMS

ACI 301. Provide forms, shoring, and scaffolding for concrete placement.  
Set forms mortar-tight and true to line and grade. Chamfer above grade 
exposed joints, edges, and external corners of concrete 0.75 inch unless 
otherwise indicated. Provide formwork with clean-out openings to permit 
inspection and removal of debris. Forms submerged in water shall be 
watertight.

3.2.1   Coating

Before concrete placement, coat the contact surfaces of forms with a 
nonstaining mineral oil, nonstaining form coating compound, or two coats of 
nitrocellulose lacquer. Do not use mineral oil on forms for surfaces to 
which adhesive, paint, or other finish material is to be applied.

3.2.2   Removal of Forms and Supports

After placing concrete, forms shall remain in place for the time periods 
specified in ACI 347R. Prevent concrete damage during form removal.

3.2.2.1   Special Requirements for Reduced Time Period

Forms may be removed earlier than specified if ASTM C 39 test results of 
field-cured samples from a representative portion of the structure indicate 
that the concrete has reached a minimum of 85 percent of the design 
strength.

3.2.3   Reshoring

Reshore concrete elements where forms are removed prior to the specified 
time period. Do not permit elements to deflect or accept loads during form 
stripping or reshoring. Forms on columns, walls, or other load-bearing 
members may be stripped after 2 days if loads are not applied to the 
members. After forms are removed, slabs and beams over 10 feet in span and 
cantilevers over 4 feet shall be reshored for the remainder of the 
specified time period in accordance with paragraph entitled "Removal of 
Forms." Perform reshoring operations to prevent subjecting concrete members 
to overloads, eccentric loading, or reverse bending. Reshoring elements 
shall have the same load-carrying capabilities as original shoring and 
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shall be spaced similar to original shoring. Firmly secure and brace 
reshoring elements to provide solid bearing and support.

3.3   Formed Surfaces

3.3.1   Tolerances

ACI 347R and as indicated.

3.3.2   As-Cast Form

Provide form facing material producing a smooth, hard, uniform texture on 
the concrete. Arrange facing material in an orderly and symmetrical manner 
and keep seams to a practical minimum. Support forms as necessary to meet 
required tolerances. Material with raised grain, torn surfaces, worn edges, 
patches, dents, or other defects which will impair the texture of the 
concrete surface shall not be used.

3.4   PLACING REINFORCEMENT AND MISCELLANEOUS MATERIALS

ACI 301. Provide bars, wire fabric, wire ties, supports, and other devices 
necessary to install and secure reinforcement. Reinforcement shall not have 
rust, scale, oil, grease, clay, or foreign substances that would reduce the 
bond. Rusting of reinforcement is a basis of rejection if the effective 
cross-sectional area or the nominal weight per unit length has been 
reduced. Remove loose rust prior to placing steel. Tack welding is 
prohibited.

3.4.1   Reinforcement Supports

Place reinforcement and secure with galvanized or non corrodible chairs, 
spacers, or metal hangers. For supporting reinforcement on the ground, use 
concrete or other non corrodible material, having a compressive strength 
equal to or greater than the concrete being placed.

3.4.2   Splicing

As indicated. For splices not indicated ACI 301. Do not splice at points of 
maximum stress. Overlap welded wire fabric the spacing of the cross wires, 
plus 2 inches.

3.4.3   Future Bonding

Plug exposed, threaded, mechanical reinforcement bar connectors with a 
greased bolt. Bolt threads shall match the connector. Countersink the 
connector in the concrete. Caulk the depression after the bolt is installed.

3.4.4   Cover

ACI 301 for minimum coverage, unless otherwise indicated.

3.4.5   Setting Miscellaneous Material

Place and secure anchors and bolts, pipe sleeves, conduits, and other such 
items in position before concrete placement. Plumb anchor bolts and check 
location and elevation. Temporarily fill voids in sleeves with readily 
removable material to prevent the entry of concrete.
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3.4.6   Construction Joints

Locate joints to least impair strength. Continue reinforcement across 
joints unless otherwise indicated.

3.4.7   Expansion Joints and Contraction Joints

Make expansion joints 1/2 inch wide unless indicated otherwise. Fill 
expansion joints not exposed to weather with preformed joint filler 
material. Completely fill joints exposed to weather with joint filler 
material and joint sealant. Do not extend reinforcement or other embedded 
metal items bonded to the concrete through any expansion joint unless an 
expansion sleeve is used. Provide contraction joints, either formed or saw 
cut or cut with a jointing tool, to the indicated depth after the surface 
has been finished. Sawed joints shall be completed within 4 to 12 hours 
after concrete placement. Protect joints from intrusion of foreign matter.

3.4.7.1   Placing Dowels for Pavement

The method used for installing and holding dowels in position shall ensure 
that the error in alignment of any dowel from its required horizontal and 
vertical alignment after the pavement has been completed will not be 
greater than 1/8 inch per foot. Except as otherwise specified below, 
horizontal spacing of dowels shall be within a tolerance of of plus or 
minus 5/8 inch. The vertical alignment of dowels shall be measured parallel 
to the desiginated top surface of the pavement, except for those across the 
crown and other grade change joints. Dowels across crowns and other joints 
at grade changes shall be measured to level surface. Horizontal alignment 
shall be checked perpendicular to the joint edge. The horizontalmalignment 
shall be checked with a framing square. Dowels shall not be placed closer 
than 0.6 times the dowel bar length to the planned joint line. If the last 
regularly spaced dowel is closer than that dimension, it shall be moved 
away from the joint to a location 0.6 times the dowel bar length. Dowels 
shall be installed as specified in the following paragraphs.

3.4.7.2   Contraction Joints for Pavement

Dowels placed in longitudinal and transvrse contraction joints within the 
pavement lane shall be held securely in place as indicated and specified, 
by means of rigid metal frames or basket assemblies of an approved type.  
The basket assemblies shall be held securely in the proper location by 
means of suitable pins or anchors. At the Contractor's option, in lieu of 
the above, dowels in contraction joints shall be installed by insertion 
into the plastic concrete using approved equipment and procedure.Approval 
by the Contracting Officer will be based on the results of a 
pre-construction demonstration, which the Contractor shall conduct, showing 
that the dowels are installed within specified tolerances.

3.4.7.3   Lubricating Dowel Bars in Pavement

The portion of each dowel intended to move within the concrete or expansion 
cap shall be wiped clean and coated with a thin, even film of lubricating 
oil before the concrete is placed.

3.5   BATCHING, MEASURING, MIXING, AND TRANSPORTING CONCRETE

ASTM C 94/C 94M, ACI 301, ACI 302.1R, and ACI 304R, except as modified 
herein.  Batching equipment shall be such that the concrete ingredients are 
consistently measured within the following tolerances: 1 percent for cement 
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and water, 2 percent for aggregate, and 3 percent for admixtures. Furnish 
mandatory batch ticket information for each load of ready mix concrete.

3.5.1   Measuring

Make measurements at intervals as specified in paragraphs entitled 
"Sampling" and "Testing."

3.5.2   Mixing

ASTM C 94/C 94M and ACI 301. Machine mix concrete. Begin mixing within 30 
minutes after the cement has been added to the aggregates. Reduce mixing 
time and place concrete within 60 minutes if the air temperature is greater 
than 85 degrees F except as follows: if set retarding admixture is used and 
slump requirements can be met, limit for placing concrete may remain at 90 
minutes. Additional water may be added, provided that both the specified 
maximum slump and water-cement ratio are not exceeded. When additional 
water is added, an additional 30 revolutions of the mixer at mixing speed 
is required. If the entrained air content falls below the specified limit, 
add a sufficient quantity of admixture to bring the entrained air content 
within the specified limits. Dissolve admixtures in the mixing water and 
mix in the drum to uniformly distribute the admixture throughout the batch.

3.5.3   Transporting

Transport concrete from the mixer to the forms as rapidly as practicable. 
Prevent segregation or loss of ingredients. Clean transporting equipment 
thoroughly before each batch. Do not use aluminum pipe or chutes. Remove 
concrete which has segregated in transporting and dispose of as directed.

3.6   PLACING CONCRETE

Place concrete as soon as practicable after the forms and the reinforcement 
have been inspected and approved. Do not place concrete when weather 
conditions prevent proper placement and consolidation; in uncovered areas 
during periods of precipitation; or in standing water. Prior to placing 
concrete, remove dirt, construction debris, water, snow, and ice from 
within the forms. Deposit concrete as close as practicable to the final 
position in the forms. Do not exceed a free vertical drop of 3 feet from 
the point of discharge. Place concrete in one continuous operation from one 
end of the structure towards the other. Position grade stakes on 10 foot 
centers maximum in each direction when pouring interior slabs and on 20 foot
 centers maximum for exterior slabs.

3.6.1   Footing Placement

Concrete for footings may be placed in excavations without forms upon 
inspection and approval by the Contracting Officer. Excavation width shall 
be a minimum of 4 inches greater than indicated.

3.6.2   Vibration

ACI 301 Furnish a spare, working, vibrator on the job site whenever 
concrete is placed. Consolidate concrete slabs greater than 4 inches in 
depth with high frequency mechanical vibrating equipment supplemented by 
hand spading and tamping. Consolidate concrete slabs 4 inches or less in 
depth by wood tampers, spading, and settling with a heavy leveling 
straightedge. Operate internal vibrators with vibratory element submerged 
in the concrete, with a minimum frequency of not less than 6000 impulses 
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per minute when submerged. Do not use vibrators to transport the concrete 
in the forms. Insert and withdraw vibrators approximately 18 inches apart.  
Penetrate the previously placed lift with the vibrator when more than one 
lift is required. Place concrete in 18 inch maximum vertical lifts.  
External vibrators shall be used on the exterior surface of the forms when 
internal vibrators do not provide adequate consolidation of the concrete.

3.6.3   Application of Epoxy Bonding Compound

Apply a thin coat of compound to dry, clean surfaces. Scrub compound into 
the surface with a stiff-bristle brush. Place concrete while compound is 
stringy. Do not permit compound to harden prior to concrete placement. 
Follow manufacturer's instructions regarding safety and health precautions 
when working with epoxy resins.

3.6.4   Pumping

ACI 304R and ACI 304.2R. Pumping shall not result in separation or loss of 
materials nor cause interruptions sufficient to permit loss of plasticity 
between successive increments. Loss of slump in pumping equipment shall not 
exceed 2 inches. Concrete shall not be conveyed through pipe made of 
aluminum or aluminum alloy. Rapid changes in pipe sizes shall be avoided.  
Maximum size of course aggregate shall be limited to 33 percent of the 
diameter of the pipe. Maximum size of well rounded aggregate shall be 
limited to 40 percent of the pipe diameter. Samples for testing shall be 
taken at both the point of delivery to the pump and at the discharge end.

3.6.5   Cold Weather

ACI 306.1. Do not allow concrete temperature to decrease below 50 degrees F
Obtain approval prior to placing concrete when the ambient temperature is 
below 40 degrees F or when concrete is likely to be subjected to freezing 
temperatures within 24 hours. Cover concrete and provide sufficient heat to 
maintain 50 degrees F minimum adjacent to both the formwork and the 
structure while curing. Limit the rate of cooling to 5 degrees F in any 1 
hour and 50 degrees F per 24 hours after heat application.

3.6.6   Hot Weather

ACI 305R. Maintain required concrete temperature using Figure 2.1.5 in 
ACI 305R to prevent the evaporation rate from exceeding 0.2 pound of water 
per square foot of exposed concrete per hour. Cool ingredients before 
mixing or use other suitable means to control concrete temperature and 
prevent rapid drying of newly placed concrete. Shade the fresh concrete as 
soon as possible after placing. Start curing when the surface of the fresh 
concrete is sufficiently hard to permit curing without damage. Provide 
water hoses, pipes, spraying equipment, and water hauling equipment, where 
job site is remote to water source, to maintain a moist concrete surface 
throughout the curing period. Provide burlap cover or other suitable, 
permeable material with fog spray or continuous wetting of the concrete 
when weather conditions prevent the use of either liquid membrane curing 
compound or impervious sheets. For vertical surfaces, protect forms from 
direct sunlight and add water to top of structure once concrete is set.

3.7   SURFACE FINISHES EXCEPT FLOOR, SLAB, AND PAVEMENT FINISHES

3.7.1   Defects

Repair formed surfaces by removing minor honeycombs, pits greater than 1 
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square inch surface area or 0.25 inchmaximum depth, or otherwise defective 
areas. Provide edges perpendicular to the surface and patch with nonshrink 
grout. Patch tie holes and defects when the forms are removed. Concrete 
with extensive honeycomb including exposed steel reinforcement, cold 
joints, entrapped debris, separated aggregate, or other defects which 
affect the serviceability or structural strength will be rejected, unless 
correction of defects is approved. Obtain approval of corrective action 
prior to repair. The surface of the concrete shall not vary more than the 
allowable tolerances of ACI 347R. Exposed surfaces shall be uniform in 
appearance and finished to a smooth form finish unless otherwise specified.

3.7.2   Not Against Forms (Top of Walls)

Surfaces not otherwise specified shall be finished with wood floats to even 
surfaces. Finish shall match adjacent finishes.

3.7.3   Formed Surfaces

3.7.3.1   Tolerances

ACI 117 and as indicated.

3.7.3.2   As-Cast Rough Form

Provide for surfaces not exposed to public view. Patch this holes and 
defects and level abrupt irregularities. Remove or rub off fins and other 
projections exceeding 0.25 inch in height.

3.8   FLOOR, SLAB, AND PAVEMENT FINISHES AND MISCELLANEOUS CONSTRUCTION

ACI 302.1R, unless otherwise specified. Slope slabs uniformly to drains 
where drains are provided. Where straightedge measurements are specified, 
Contractor shall provide straightedge.

3.8.1   Finish

Place, consolidate, and immediately strike off concrete to obtain proper 
contour, grade, and elevation before bleedwater appears. Permit concrete to 
attain a set sufficient for floating and supporting the weight of the 
finisher and equipment. If bleedwater is present prior to floating the 
surface, drag the excess water off or remove by absorption with porous 
materials. Do not use dry cement to absorb bleedwater.

3.8.1.1   Floated

Use for exterior slabs where not otherwise specified. After the concrete 
has been placed, consolidated, struck off, and leveled, do not work the 
concrete further, until ready for floating. Whether floating with a wood, 
magnesium, or composite hand float, with a bladed power trowel equipped 
with float shoes, or with a powered disc, float shall begin when the 
surface has stiffened sufficiently to permit the operation. During or after 
the first floating, surface shall be checked with a 10 foot straightedge 
applied at no less than two different angles, one of which is perpendicular 
to the direction of strike off. High spots shall be cut down and low spots 
filled during this procedure to produce a surface level within 1/4 inch in 
10 feet.
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3.8.1.2   Steel Troweled

Use for slabs intended as walking surfaces. First, provide a floated 
finish. The finish shall next be power troweled two times, and finally hand 
troweled. The first troweling after floating shall produce a smooth surface 
which is relatively free of defects but which may still show some trowel 
marks. Additional trowelings shall be done by hand after the surface has 
hardened sufficiently. The final troweling shall be done when a ringing 
sound is produced as the trowel is moved over the surface. The surface 
shall be thoroughly consolidated by the hand troweling operations. The 
finished surface shall be essentially free of trowel marks and uniform in 
texture and appearance. The finished surface shall produce a surface level 
to within 1/4 inch in 10 feet. On surfaces intended to support floor 
coverings, any defects of sufficient magnitude to show through the floor 
covering shall be removed by grinding.

3.8.1.3   Broomed

Use on surfaces of exterior walks, platforms, patios, and ramps, unless 
otherwise indicated. Perform a floated finish, then draw a broom or burlap 
belt across the surface to produce a coarse scored texture. Permit surface 
to harden sufficiently to retain the scoring or ridges. Broom transverse to 
traffic or at right angles to the slope of the slab.

3.8.1.4   Pavement

Screed the concrete with a template advanced with a combined longitudinal 
and crosswise motion. Maintain a slight surplus of concrete ahead of the 
template. After screeding, float the concrete longitudinally. Use a 
straightedge to check slope and flatness; correct and refloat as necessary. 
Obtain final finish by belting or a burlap drag at the Contractor's option. 
Lay belt flat on the concrete surface and advance with a sawing motion; 
continue until a uniform but gritty nonslip surface is obtained OR drag a 
strip of clean, wet burlap from 3 to 10 feet wide and 2 feet longer than 
the pavement width across the slab. Produce a fine, granular, sandy 
textured surface without disfiguring marks. Round edges and joints with an 
edger having a radius of 1/8 inch.

3.8.2   Concrete Walks

Provide 4 inches thick minimum. Provide contraction joints spaced every 5 
linear feet unless otherwise indicated. Cut contraction joints one inch 
deep with a jointing tool after the surface has been finished. Provide 0.5 
inch thick transverse expansion joints at changes in direction where 
sidewalk abuts curb, steps, rigid pavement, or other similar structures; 
space expansion joints every 50 feet maximum. Give walks a broomed finish.  
Unless indicated otherwise, provide a transverse slope of 1/48. Limit 
variation in cross section to 1/4 inch in 5 feet.

3.8.3   Pits and Trenches

Place bottoms and walls monolithically.

3.8.4   Curbs and Gutters

Provide contraction joints spaced every 10 feet maximum unless otherwise 
indicated. Cut contraction joints 3/4 inch deep with a jointing tool after 
the surface has been finished. Provide expansion joints 1/2 inch thick and 
spaced every 100 feet maximum unless otherwise indicated. Perform pavement 
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finish.

3.9   CURING AND PROTECTION

ACI 301 unless otherwise specified. Begin curing immediately following form 
removal. Avoid damage to concrete from vibration created by blasting, pile 
driving, movement of equipment in the vicinity, disturbance of formwork or 
protruding reinforcement, and any other activity resulting in ground 
vibrations. Protect concrete from injurious action by sun, rain, flowing 
water, frost, mechanical injury, tire marks, and oil stains. Do not allow 
concrete to dry out from time of placement until the expiration of the 
specified curing period. Do not use membrane-forming compound on surfaces 
where appearance would be objectionable, on any surface to be painted, 
where coverings are to be bonded to the concrete, or on concrete to which 
other concrete is to be bonded. If forms are removed prior to the 
expiration of the curing period, provide another curing procedure specified 
herein for the remaining portion of the curing period.

3.9.1   Moist Curing

Remove water without erosion or damage to the structure.

3.9.1.1   Ponding or Immersion

Continually immerse the concrete throughout the curing period. Water shall 
not be more than 20 degrees F less than the temperature of the concrete. 
For temperatures between 40 and 50 degrees F, increase the curing period by 
50 percent.

3.9.1.2   Fog Spraying or Sprinkling

Apply water uniformly and continuously throughout the curing period. For 
temperatures between 40 and 50 degrees F, increase the curing period by 50 
percent.

3.9.1.3   Pervious Sheeting

Completely cover surface and edges of the concrete with two thicknesses of 
wet sheeting. Overlap sheeting 6 inches over adjacent sheeting. Sheeting 
shall be at least as long as the width of the surface to be cured. During 
application, do not drag the sheeting over the finished concrete nor over 
sheeting already placed. Wet sheeting thoroughly and keep continuously wet 
throughout the curing period.

3.9.1.4   Impervious Sheeting

Wet the entire exposed surface of the concrete thoroughly with a fine spray 
of water and cover with impervious sheeting throughout the curing period. 
Lay sheeting directly on the concrete surface and overlap edges 12 inches 
minimum. Provide sheeting not less than 18 inches wider than the concrete 
surface to be cured. Secure edges and transverse laps to form closed 
joints. Repair torn or damaged sheeting or provide new sheeting. Cover or 
wrap columns, walls, and other vertical structural elements from the top 
down with impervious sheeting; overlap and continuously tape sheeting 
joints; and introduce sufficient water to soak the entire surface prior to 
completely enclosing.
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3.9.2   Liquid Membrane-Forming Curing Compound

Seal or cover joint openings prior to application of curing compound.  
Prevent curing compound from entering the joint. Apply in accordance with 
the recommendations of the manufacturer immediately after any water sheen 
which may develop after finishing has disappeared from the concrete 
surface. Provide and maintain compound on the concrete surface throughout 
the curing period. Do not use this method of curing where the use of Figure 
2.1.5 in ACI 305R indicates that hot weather conditions will cause an 
evaporation rate exceeding 0.2 pound of water per square foot per hour.

3.9.2.1   Application

Unless the manufacturer recommends otherwise, apply compound immediately 
after the surface loses its water sheen and has a dull appearance, and 
before joints are sawed. Mechanically agitate curing compound thoroughly 
during use. Use approved power-spraying equipment to uniformly apply two 
coats of compound in a continuous operation. The total coverage for the two 
coats shall be 200 square feet maximum per gallon of undiluted compound 
unless otherwise recommended by the manufacturer's written instructions.  
The compound shall form a uniform, continuous, coherent film that will not 
check, crack, or peel. Immediately apply an additional coat of compound to 
areas where the film is defective. Re-spray concrete surfaces subjected to 
rainfall within 3 hours after the curing compound application.

3.9.2.2   Protection of Treated Surfaces

Prohibit pedestrian and vehicular traffic and other sources of abrasion at 
least 72 hours after compound application. Maintain continuity of the 
coating for the entire curing period and immediately repair any damage.

3.9.3   Curing Periods

ACI 301 except 10 days for retaining walls and pavement, 21 days for 
concrete that will be in full-time or intermittent contact with brackish 
water or seawater, salt spray, alkali soil or waters. Begin curing 
immediately after placement. Protect concrete from premature drying, 
excessively hot temperatures, and mechanical injury; and maintain minimal 
moisture loss at a relatively constant temperature for the period necessary 
for hydration of the cement and hardening of the concrete. The materials 
and methods of curing shall be subject to approval by the Contracting 
Officer.

3.10   FIELD QUALITY CONTROL

3.10.1   Sampling

ASTM C 172. Collect samples of fresh concrete to perform tests specified.  
ASTM C 31/C 31M for making test specimens.

3.10.2   Testing

3.10.2.1   Slump Tests

ASTM C 143/C 143M. Take concrete samples during concrete placement. The 
maximum slump may be increased as specified with the addition of an 
approved admixture provided that the water-cement ratio is not exceeded. 
Perform tests at commencement of concrete placement, when test cylinders 
are made, and for each batch (minimum) or every 20 cubic yards (maximum) of 

SECTION 32 13 15.20  Page 22



NASA/DFRC - FACILITIES SUPPORT CENTER, EDM-1703
FINAL SUBMITTAL

concrete.

3.10.2.2   Temperature Tests

Test the concrete delivered and the concrete in the forms. Perform tests in 
hot or cold weather conditions (below 50 degrees F and above 80 degrees F) 
for each batch (minimum) or every 20 cubic yards (maximum) of concrete, 
until the specified temperature is obtained, and whenever test cylinders 
and slump tests are made.

3.10.2.3   Compressive Strength Tests

ASTM C 39. Make five test cylinders for each set of tests in accordance 
with ASTM C 31/C 31M. Precautions shall be taken to prevent evaporation and 
loss of water from the specimen. Test two cylinders at 7 days, two 
cylinders at 28 days, and hold one cylinder in reserve. Samples for 
strength tests of each mix design of concrete placed each day shall be 
taken not less than once a day, nor less than once for each 100 cubic yards 
of concrete, nor less than once for each 5000 square feet of surface area 
for slabs or walls. For the entire project, take no less than five sets of 
samples and perform strength tests for each mix design of concrete placed.  
Each strength test result shall be the average of two cylinders from the 
same concrete sample tested at 28 days. If the average of any three 
consecutive strength test results is less than f'c or if any strength test 
result falls below f'c by more than 500 psi, take a minimum of three 
ASTM C 42/C 42M core samples from the in-place work represented by the low 
test cylinder results and test. Concrete represented by core test shall be 
considered structurally adequate if the average of three cores is equal to 
at least 85 percent of f'c and if no single core is less than 75 percent of 
f'c. Locations represented by erratic core strengths shall be retested.  
Remove concrete not meeting strength criteria and provide new acceptable 
concrete. Repair core holes with nonshrink grout. Match color and finish of 
adjacent concrete.

3.10.2.4   Flexural Strength Tests

ASTM C 39. Make seven test beams for each set of tests in accordance with 
ASTM C 31/C 31M. Precautions shall be taken to prevent evaporation and loss 
of water from the specimen. Test two beams at 7 days, two beams at 14 days, 
two beams at 28 days, and hold one beam in reserve. Samples for flexural 
strength tests of each mix design of concrete placed each day shall be 
taken not less than once a day, nor less than once for each 100 cubic yards 
of concrete placed. For the entire project, take no less than seven sets of 
samples and perform strength tests for each mix design of concrete placed.  
Each flexural strength test result shall be the average of two beams from 
the same concrete sample tested at 28 days. If the average of any three 
consecutive flexural strength test results is less than R or if any 
flexural strength test result falls below R by more than 25 psi, take a 
minimum of three ASTM C 42/C 42M core samples from the in-place work 
represented by the low test beam results and test. Concrete represented by 
core test shall be considered structurally adequate if the average of three 
cores is equal to at least 85 percent of R and if no single core is less 
than 75 percent of R. Locations represented by erratic core fleural 
strengths shall be retested. Remove concrete not meeting flexural strength 
criteria and provide new acceptable concrete. Repair core holes with 
nonshrink grout. Match finish of adjacent concrete.
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3.10.2.5   Air Content

ASTM C 173/C 173M or ASTM C 231 for normal weight concrete. Test 
air-entrained concrete for air content at the same frequency as specified 
for slump tests.

3.11   WASTE MANAGEMENT

As specified in the Waste Management Plan and as follows.

3.11.1   Mixing Equipment

Before concrete pours, designate Company-owned site meeting environmental 
standards or on-site area to be paved later in project for cleaning out 
concrete mixing trucks. Minimize water used to wash equipment.

3.11.2   Hardened, Cured Waste Concrete

Hardened, cured waste concrete shall be used as aggregate in concrete mix 
if approved by Contracting Officer.

3.11.3   Reinforcing Steel

Collect reinforcing steel and place in designated area for recycling.

3.11.4   Other Waste

Identify concrete manufacturer's or supplier's policy for collection or 
return of construction waste, unused material, deconstruction waste, and/or 
packaging material. Return excess cement to supplier.

       -- End of Section --
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SECTION 32 16 13

CONCRETE SIDEWALKS AND CURBS AND GUTTERS
04/08

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced. The publications are referred to within the text by the 
basic designation only.

AMERICAN ASSOCIATION OF STATE HIGHWAY AND TRANSPORTATION OFFICIALS 
(AASHTO)

AASHTO M 182 (2005) Standard Specification for Burlap 
Cloth Made from Jute or Kenaf and Cotton 
Mats

ASTM INTERNATIONAL (ASTM)

ASTM A 185/A 185M (2007) Standard Specification for Steel 
Welded Wire Reinforcement, Plain, for 
Concrete

ASTM A 615/A 615M (2009b) Standard Specification for 
Deformed and Plain Carbon-Steel Bars for 
Concrete Reinforcement

ASTM C 143/C 143M (2009) Standard Test Method for Slump of 
Hydraulic-Cement Concrete

ASTM C 171 (2007) Standard Specification for Sheet 
Materials for Curing Concrete

ASTM C 172 (2008) Standard Practice for Sampling 
Freshly Mixed Concrete

ASTM C 173/C 173M (2009) Standard Test Method for Air 
Content of Freshly Mixed Concrete by the 
Volumetric Method

ASTM C 231 (2009a) Standard Test Method for Air 
Content of Freshly Mixed Concrete by the 
Pressure Method

ASTM C 309 (2007) Standard Specification for Liquid 
Membrane-Forming Compounds for Curing 
Concrete

ASTM C 31/C 31M (2009) Standard Practice for Making and 
Curing Concrete Test Specimens in the Field

ASTM C 920 (2008) Standard Specification for 
Elastomeric Joint Sealants
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ASTM D 1751 (2004; R 2008) Standard Specification for 
Preformed Expansion Joint Filler for 
Concrete Paving and Structural 
Construction (Nonextruding and Resilient 
Bituminous Types)

ASTM D 1752 (2004a; R 2008) Standard Specification for 
Preformed Sponge Rubber Cork and Recycled 
PVC Expansion

ASTM D 5893 (2004) Cold Applied, Single Component, 
Chemically Curing Silicone Joint Sealant 
for Portland Cement Concrete Pavements

1.2   SYSTEM DESCRIPTION

1.2.1   General Requirements

Provide plant, equipment, machines, and tools used in the work subject to 
approval and maintained in a satisfactory working condition at all times.  
The equipment shall have the capability of producing the required product, 
meeting grade controls, thickness control and smoothness requirements as 
specified. Use of the equipment shall be discontinued if it produces 
unsatisfactory results. The Contracting Officer shall have access at all 
times to the plant and equipment to ensure proper operation and compliance 
with specifications.

1.2.2   Slip Form Equipment

Slip form paver or curb forming machine, will be approved based on trial 
use on the job and shall be self-propelled, automatically controlled, 
crawler mounted, and capable of spreading, consolidating, and shaping the 
plastic concrete to the desired cross section in 1 pass.

1.3   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for Contractor Quality Control 
approval. Submit the following in accordance with Section 01 33 00 
SUBMITTAL PROCEDURES:

SD-03 Product Data

Concrete

Copies of certified delivery tickets for all concrete used in the 
construction.

SD-06 Test Reports

Field Quality Control

Copies of all test reports within 24 hours of completion of the 
test.
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1.4   ENVIRONMENTAL REQUIREMENTS

1.4.1   Placing During Cold Weather

Do not place concrete when the air temperature reaches 40 degrees F and is 
falling, or is already below that point. Placement may begin when the air 
temperature reaches 35 degrees F and is rising, or is already above 40 
degrees F. Make provisions to protect the concrete from freezing during the 
specified curing period. If necessary to place concrete when the 
temperature of the air, aggregates, or water is below 35 degrees F, 
placement and protection shall be approved in writing. Approval will be 
contingent upon full conformance with the following provisions. The 
underlying material shall be prepared and protected so that it is entirely 
free of frost when the concrete is deposited. Mixing water and aggregates 
shall be heated as necessary to result in the temperature of the in-place 
concrete being between 50 and 85 degrees F. Methods and equipment for 
heating shall be approved. The aggregates shall be free of ice, snow, and 
frozen lumps before entering the mixer. Covering and other means shall be 
provided for maintaining the concrete at a temperature of at least 50 
degrees F for not less than 72 hours after placing, and at a temperature 
above freezing for the remainder of the curing period.

1.4.2   Placing During Warm Weather

The temperature of the concrete as placed shall not exceed85 degrees F 
except where an approved retarder is used. The mixing water and/or 
aggregates shall be cooled, if necessary, to maintain a satisfactory 
placing temperature. The placing temperature shall not exceed95 degrees F 
at any time.

PART 2   PRODUCTS

2.1   CONCRETE

Provide concrete conforming to the applicable requirements of Section 
32 13 13.06 PERVIOUS PORTLAND CEMENT CONCRETE PAVEMENT except as otherwise 
specified. Concrete shall have a minimum compressive strength of 3000 psi 
at 28 days. Maximum size of aggregate shall be 1-1/2 inches.

2.1.1   Air Content

Mixtures shall have air content by volume of concrete of 5 to 7 percent, 
based on measurements made immediately after discharge from the mixer.

2.1.2   Slump

The concrete slump shall be 2 inches plus or minus 1 inch where determined 
in accordance with ASTM C 143/C 143M.

2.1.3   Reinforcement Steel

Reinforcement bars shall conform to ASTM A 615/A 615M. Wire mesh 
reinforcement shall conform to ASTM A 185/A 185M.

2.2   CONCRETE CURING MATERIALS

2.2.1   Impervious Sheet Materials

Impervious sheet materials shall conform to ASTM C 171, type optional, 
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except that polyethylene film, if used, shall be white opaque.

2.2.2   Burlap

Burlap shall conform to AASHTO M 182.

2.2.3   White Pigmented Membrane-Forming Curing Compound

White pigmented membrane-forming curing compound shall conform to ASTM C 309, 
Type 2.

2.3   CONCRETE PROTECTION MATERIALS

Concrete protection materials shall be a linseed oil mixture of equal 
parts, by volume, of linseed oil and either mineral spirits, naphtha, or 
turpentine. At the option of the Contractor, commercially prepared linseed 
oil mixtures, formulated specifically for application to concrete to 
provide protection against the action of deicing chemicals may be used, 
except that emulsified mixtures are not acceptable.

2.4   JOINT FILLER STRIPS

2.4.1   Contraction Joint Filler for Curb and Gutter

Contraction joint filler for curb and gutter shall consist of hard-pressed 
fiberboard.

2.4.2   Expansion Joint Filler, Premolded

Expansion joint filler, premolded, shall conform to ASTM D 1751 or 
ASTM D 1752, 1/2 inch thick, unless otherwise indicated.

2.5   JOINT SEALANTS

Joint sealant, cold-applied shall conform to ASTM C 920 or ASTM D 5893.

2.6   FORM WORK

Design and construct form work to ensure that the finished concrete will 
conform accurately to the indicated dimensions, lines, and elevations, and 
within the tolerances specified. Forms shall be of wood or steel, straight, 
of sufficient strength to resist springing during depositing and 
consolidating concrete. Wood forms shall be surfaced plank, 2 inches 
nominal thickness, straight and free from warp, twist, loose knots, splits 
or other defects. Wood forms shall have a nominal length of 10 feet.  
Radius bends may be formed with 3/4 inch boards, laminated to the required 
thickness. Steel forms shall be channel-formed sections with a flat top 
surface and with welded braces at each end and at not less than two 
intermediate points. Ends of steel forms shall be interlocking and 
self-aligning. Steel forms shall include flexible forms for radius forming, 
corner forms, form spreaders, and fillers. Steel forms shall have a nominal 
length of 10 feet with a minimum of 3 welded stake pockets per form.  Stake 
pins shall be solid steel rods with chamfered heads and pointed tips 
designed for use with steel forms.

2.6.1   Sidewalk Forms

Sidewalk forms shall be of a height equal to the full depth of the finished 
sidewalk.
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2.6.2   Curb and Gutter Forms

Curb and gutter outside forms shall have a height equal to the full depth 
of the curb or gutter. The inside form of curb shall have batter as 
indicated and shall be securely fastened to and supported by the outside 
form. Rigid forms shall be provided for curb returns, except that benders 
or thin plank forms may be used for curb or curb returns with a radius of 
10 feet or more, where grade changes occur in the return, or where the 
central angle is such that a rigid form with a central angle of 90 degrees 
cannot be used. Back forms for curb returns may be made of 1-1/2 inch 
benders, for the full height of the curb, cleated together. In lieu of 
inside forms for curbs, a curb "mule" may be used for forming and finishing 
this surface, provided the results are approved.

PART 3   EXECUTION

3.1   SUBGRADE PREPARATION

The subgrade shall be constructed to the specified grade and cross section 
prior to concrete placement. Subgrade shall be placed and compacted in 
conformance with Section 31 23 00.00 20, EXCAVATION AND FILL.

3.1.1   Sidewalk Subgrade

The subgrade shall be tested for grade and cross section with a template 
extending the full width of the sidewalk and supported between side forms.

 3.1.2   Curb and Gutter Subgrade

The subgrade shall be tested for grade and cross section by means of a 
template extending the full width of the curb and gutter. The subgrade 
shall be of materials equal in bearing quality to the subgrade under the 
adjacent pavement.

3.1.3   Maintenance of Subgrade

The subgrade shall be maintained in a smooth, compacted condition in 
conformity with the required section and established grade until the 
concrete is placed. The subgrade shall be in a moist condition when 
concrete is placed. The subgrade shall be prepared and protected to produce 
a subgrade free from frost when the concrete is deposited.

3.2   FORM SETTING

Set forms to the indicated alignment, grade and dimensions. Hold forms 
rigidly in place by a minimum of 3 stakes per form placed at intervals not 
to exceed 4 feet. Corners, deep sections, and radius bends shall have 
additional stakes and braces, as required. Clamps, spreaders, and braces 
shall be used where required to ensure rigidity in the forms. Forms shall 
be removed without injuring the concrete. Bars or heavy tools shall not be 
used against the concrete in removing the forms. Any concrete found 
defective after form removal shall be promptly and satisfactorily repaired. 
Forms shall be cleaned and coated with form oil each time before concrete 
is placed. Wood forms may, instead, be thoroughly wetted with water before 
concrete is placed, except that with probable freezing temperatures, oiling 
is mandatory.
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3.2.1   Sidewalks

Set forms for sidewalks with the upper edge true to line and grade with an 
allowable tolerance of 1/8 inch in any 10 foot long section. After forms 
are set, grade and alignment shall be checked with a 10 foot straightedge.  
Forms shall have a transverse slope of 1/4 inch per foot with the low side 
adjacent to the roadway. Side forms shall not be removed for 12 hours after 
finishing has been completed.

 3.2.2   Curbs and Gutters

The forms of the front of the curb shall be removed not less than 2 hours 
nor more than 6 hours after the concrete has been placed. Forms back of 
curb shall remain in place until the face and top of the curb have been 
finished, as specified for concrete finishing. Gutter forms shall not be 
removed while the concrete is sufficiently plastic to slump in any 
direction.

3.3   SIDEWALK CONCRETE PLACEMENT AND FINISHING

3.3.1   Formed Sidewalks

Place concrete in the forms in one layer. When consolidated and finished, 
the sidewalks shall be of the thickness indicated. After concrete has been 
placed in the forms, a strike-off guided by side forms shall be used to 
bring the surface to proper section to be compacted. The concrete shall be 
consolidated with an approved vibrator, and the surface shall be finished 
to grade with a strike off.

3.3.2   Concrete Finishing

After straightedging, when most of the water sheen has disappeared, and 
just before the concrete hardens, finish the surface with a wood float or 
darby to a smooth and uniformly fine granular or sandy texture free of 
waves, irregularities, or tool marks. A scored surface shall be produced by 
brooming with a fiber-bristle brush in a direction transverse to that of 
the traffic, followed by edging.

3.3.3   Edge and Joint Finishing

All slab edges, including those at formed joints, shall be finished with an 
edger having a radius of 1/8 inch. Transverse joint shall be edged before 
brooming, and the brooming shall eliminate the flat surface left by the 
surface face of the edger. Corners and edges which have crumbled and areas 
which lack sufficient mortar for proper finishing shall be cleaned and 
filled solidly with a properly proportioned mortar mixture and then 
finished.

3.3.4   Surface and Thickness Tolerances

Finished surfaces shall not vary more than 5/16 inch from the testing edge 
of a 10-foot straightedge. Permissible deficiency in section thickness will 
be up to 1/4 inch.

3.4   CURB AND GUTTER CONCRETE PLACEMENT AND FINISHING

3.4.1   Formed Curb and Gutter

Concrete shall be placed to the section required in a single lift.  
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Consolidation shall be achieved by using approved mechanical vibrators.  
Curve shaped gutters shall be finished with a standard curb "mule".

3.4.2   Curb and Gutter Finishing

Approved slipformed curb and gutter machines may be used in lieu of hand 
placement.

3.4.3   Concrete Finishing

Exposed surfaces shall be floated and finished with a smooth wood float 
until true to grade and section and uniform in texture. Floated surfaces 
shall then be brushed with a fine-hair brush with longitudinal strokes.  
The edges of the gutter and top of the curb shall be rounded with an edging 
tool to a radius of 1/2 inch. Immediately after removing the front curb 
form, the face of the curb shall be rubbed with a wood or concrete rubbing 
block and water until blemishes, form marks, and tool marks have been 
removed. The front curb surface, while still wet, shall be brushed in the 
same manner as the gutter and curb top. The top surface of gutter and 
entrance shall be finished to grade with a wood float.

3.4.4   Joint Finishing

Curb edges at formed joints shall be finished as indicated.

3.4.5   Surface and Thickness Tolerances

Finished surfaces shall not vary more than 1/4 inch from the testing edge 
of a 10-foot straightedge. Permissible deficiency in section thickness will 
be up to 1/4 inch.

3.5   SIDEWALK JOINTS

Sidewalk joints shall be constructed to divide the surface into rectangular 
areas. Transverse contraction joints shall be spaced at a distance equal to 
the sidewalk width or 5 feet on centers, whichever is less, and shall be 
continuous across the slab. Longitudinal contraction joints shall be 
constructed along the centerline of all sidewalks 10 feet or more in width. 
Transverse expansion joints shall be installed at sidewalk returns and 
opposite expansion joints in adjoining curbs. Where the sidewalk is not in 
contact with the curb, transverse expansion joints shall be installed as 
indicated. Expansion joints shall be formed about structures and features 
which project through or into the sidewalk pavement, using joint filler of 
the type, thickness, and width indicated. Expansion joints are not required 
between sidewalks and curb that abut the sidewalk longitudinally.

3.5.1   Sidewalk Contraction Joints

The contraction joints shall be formed in the fresh concrete by cutting a 
groove in the top portion of the slab to a depth of at least one-fourth of 
the sidewalk slab thickness, using a jointer to cut the groove, or by 
sawing a groove in the hardened concrete with a power-driven saw, unless 
otherwise approved. Sawed joints shall be constructed by sawing a groove in 
the concrete with a 1/8 inch blade to the depth indicated. An ample supply 
of saw blades shall be available on the job before concrete placement is 
started, and at least one standby sawing unit in good working order shall 
be available at the jobsite at all times during the sawing operations.
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3.5.2   Sidewalk Expansion Joints

Expansion joints shall be formed with 1/2 inch joint filler strips. Joint 
filler in expansion joints surrounding structures and features within the 
sidewalk may consist of preformed filler material conforming to ASTM D 1752 
or building paper. Joint filler shall be held in place with steel pins or 
other devices to prevent warping of the filler during floating and 
finishing. Immediately after finishing operations are completed, joint 
edges shall be rounded with an edging tool having a radius of 1/8 inch, and 
concrete over the joint filler shall be removed. At the end of the curing 
period, expansion joints shall be cleaned and filled with cold-applied 
joint sealant. Joint sealant shall be gray or stone in color. Joints shall 
be sealed as specified in Section 32 01 19 FIELD MOLDED SEALANTS FOR 
SEALING JOINTS IN RIGID PAVEMENTS. The joint opening shall be thoroughly 
cleaned before the sealing material is placed. Sealing material shall not 
be spilled on exposed surfaces of the concrete. Concrete at the joint shall 
be surface dry and atmospheric and concrete temperatures shall be above 50 
degrees F at the time of application of joint sealing material. Excess 
material on exposed surfaces of the concrete shall be removed immediately 
and concrete surfaces cleaned.

3.5.3   Reinforcement Steel Placement

Reinforcement steel shall be accurately and securely fastened in place with 
suitable supports and ties before the concrete is placed.

3.6   CURB AND GUTTER JOINTS

Curb and gutter joints shall be constructed at right angles to the line of 
curb and gutter.

3.6.1   Contraction Joints

Contraction joints shall be constructed directly opposite contraction 
joints in abutting portland cement concrete pavements and spaced so that 
monolithic sections between curb returns will not be less than 5 feet nor 
greater than 15 feet in length.

a.  Contraction joints (except for slip forming) shall be constructed 
by means of 1/8 inch thick separators and of a section conforming to 
the cross section of the curb and gutter. Separators shall be removed 
as soon as practicable after concrete has set sufficiently to preserve 
the width and shape of the joint and prior to finishing.

b.  When slip forming is used, the contraction joints shall be cut in 
the top portion of the gutter/curb hardened concrete in a continuous 
cut across the curb and gutter, using a power-driven saw. The depth of 
cut shall be at least one-fourth of the gutter/curb depth and 1/8 inch 
in width.

3.6.2   Expansion Joints

Expansion joints shall be formed by means of preformed expansion joint 
filler material cut and shaped to the cross section of curb and gutter.  
Expansion joints shall be provided in curb and gutter directly opposite 
expansion joints of abutting portland cement concrete pavement, and shall 
be of the same type and thickness as joints in the pavement. Where curb and 
gutter do not abut portland cement concrete pavement, expansion joints at 
least 1/2 inch in width shall be provided at intervals not less than 30 feet

SECTION 32 16 13  Page 8



NASA/DFRC - FACILITIES SUPPORT CENTER, EDM-1703
FINAL SUBMITTAL

nor greater than 120 feet. Expansion joints shall be provided in 
nonreinforced concrete gutter at locations indicated. Expansion joints 
shall be sealed immediately following curing of the concrete or as soon 
thereafter as weather conditions permit. Joints shall be sealed as 
specified in Section 32 01 19 FIELD MOLDED SEALANTS FOR SEALING JOINTS IN 
RIGID PAVEMENTS. Expansion joints and the top 1 inch depth of curb and 
gutter contraction-joints shall be sealed with joint sealant. The joint 
opening shall be thoroughly cleaned before the sealing material is placed.  
Sealing material shall not be spilled on exposed surfaces of the concrete.  
Concrete at the joint shall be surface dry and atmospheric and concrete 
temperatures shall be above 50 degrees F at the time of application of 
joint sealing material. Excess material on exposed surfaces of the concrete 
shall be removed immediately and concrete surfaces cleaned.

3.7   CURING AND PROTECTION

3.7.1   General Requirements

Protect concrete against loss of moisture and rapid temperature changes for 
at least 7 days from the beginning of the curing operation. Protect 
unhardened concrete from rain and flowing water. All equipment needed for 
adequate curing and protection of the concrete shall be on hand and ready 
for use before actual concrete placement begins. Protection shall be 
provided as necessary to prevent cracking of the pavement due to 
temperature changes during the curing period.

3.7.1.1   Mat Method

The entire exposed surface shall be covered with 2 or more layers of 
burlap. Mats shall overlap each other at least 6 inches. The mat shall be 
thoroughly wetted with water prior to placing on concrete surface and shall 
be kept continuously in a saturated condition and in intimate contact with 
concrete for not less than 7 days.

3.7.1.2   Impervious Sheeting Method

The entire exposed surface shall be wetted with a fine spray of water and 
then covered with impervious sheeting material. Sheets shall be laid 
directly on the concrete surface with the light-colored side up and 
overlapped 12 inches when a continuous sheet is not used. The curing medium 
shall not be less than 18-inches wider than the concrete surface to be 
cured, and shall be securely weighted down by heavy wood planks, or a bank 
of moist earth placed along edges and laps in the sheets. Sheets shall be 
satisfactorily repaired or replaced if torn or otherwise damaged during 
curing. The curing medium shall remain on the concrete surface to be cured 
for not less than 7 days.

3.7.1.3   Membrane Curing Method

A uniform coating of white-pigmented membrane-curing compound shall be 
applied to the entire exposed surface of the concrete as soon after 
finishing as the free water has disappeared from the finished surface.  
Formed surfaces shall be coated immediately after the forms are removed and 
in no case longer than 1 hour after the removal of forms. Concrete shall 
not be allowed to dry before the application of the membrane. If any drying 
has occurred, the surface of the concrete shall be moistened with a fine 
spray of water and the curing compound applied as soon as the free water 
disappears. Curing compound shall be applied in two coats by hand-operated 
pressure sprayers at a coverage of approximately 200 square feet/gallon for 
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the total of both coats. The second coat shall be applied in a direction 
approximately at right angles to the direction of application of the first 
coat. The compound shall form a uniform, continuous, coherent film that 
will not check, crack, or peel and shall be free from pinholes or other 
imperfections. If pinholes, abrasion, or other discontinuities exist, an 
additional coat shall be applied to the affected areas within 30 minutes.  
Concrete surfaces that are subjected to heavy rainfall within 3 hours after 
the curing compound has been applied shall be resprayed by the method and 
at the coverage specified above. Areas where the curing compound is damaged 
by subsequent construction operations within the curing period shall be 
resprayed. Necessary precautions shall be taken to insure that the concrete 
is properly cured at sawed joints, and that no curing compound enters the 
joints. The top of the joint opening and the joint groove at exposed edges 
shall be tightly sealed before the concrete in the region of the joint is 
resprayed with curing compound. The method used for sealing the joint 
groove shall prevent loss of moisture from the joint during the entire 
specified curing period. Approved standby facilities for curing concrete 
pavement shall be provided at a location accessible to the jobsite for use 
in the event of mechanical failure of the spraying equipment or other 
conditions that might prevent correct application of the membrane-curing 
compound at the proper time. Concrete surfaces to which membrane-curing 
compounds have been applied shall be adequately protected during the entire 
curing period from pedestrian and vehicular traffic, except as required for 
joint-sawing operations and surface tests, and from any other possible 
damage to the continuity of the membrane.

3.7.2   Backfilling

After curing, debris shall be removed and the area adjoining the concrete 
shall be backfilled, graded, and compacted to conform to the surrounding 
area in accordance with lines and grades indicated.

3.7.3   Protection

Completed concrete shall be protected from damage until accepted. Repair 
damaged concrete and clean concrete discolored during construction.  
Concrete that is damaged shall be removed and reconstructed for the entire 
length between regularly scheduled joints. Refinishing the damaged portion 
will not be acceptable. Removed damaged portions shall be disposed of as 
directed.

3.7.4   Protective Coating

Protective coating, of linseed oil mixture, shall be applied to the 
exposed-to-view concrete surface after the curing period, if concrete will 
be exposed to de-icing chemicals within 6 weeks after placement. Concrete 
to receive a protective coating shall be moist cured.

3.7.4.1   Application

Curing and backfilling operation shall be completed prior to applying two 
coats of protective coating. Concrete shall be surface dry and clean before 
each application. Coverage shall be by spray application at not more than 
50 square yards/gallon for first application and not more than 70 square 
yards/gallon for second application, except that the number of applications 
and coverage for each application for commercially prepared mixture shall 
be in accordance with the manufacturer's instructions. Coated surfaces 
shall be protected from vehicular and pedestrian traffic until dry.
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3.7.4.2   Precautions

Protective coating shall not be heated by direct application of flame or 
electrical heaters and shall be protected from exposure to open flame, 
sparks, and fire adjacent to open containers or applicators. Material shall 
not be applied at ambient or material temperatures lower than 50 degrees F.

3.8   FIELD QUALITY CONTROL

3.8.1   General Requirements

Perform the inspection and tests described and meet the specified 
requirements for inspection details and frequency of testing. Based upon 
the results of these inspections and tests, take the action and submit 
reports as required below, and any additional tests to insure that the 
requirements of these specifications are met.

3.8.2   Concrete Testing

3.8.2.1   Strength Testing

Provide molded concrete specimens for strength tests. Samples of concrete 
placed each day shall be taken not less than once a day nor less than once 
for every 250 cubic yards of concrete. The samples for strength tests shall 
be taken in accordance with ASTM C 172. Cylinders for acceptance shall be 
molded in conformance with ASTM C 31/C 31M by an approved testing 
laboratory. Each strength test result shall be the average of 2 test 
cylinders from the same concrete sample tested at 28 days, unless otherwise 
specified or approved. Concrete specified on the basis of compressive 
strength will be considered satisfactory if the averages of all sets of 
three consecutive strength test results equal or exceed the specified 
strength, and no individual strength test result falls below the specified 
strength by more than 500 psi.

3.8.2.2   Air Content

Determine air content in accordance with ASTM C 173/C 173M or ASTM C 231.  
ASTM C 231 shall be used with concretes and mortars made with relatively 
dense natural aggregates. Two tests for air content shall be made on 
randomly selected batches of each class of concrete placed during each 
shift. Additional tests shall be made when excessive variation in concrete 
workability is reported by the placing foreman or the Government inspector. 
If results are out of tolerance, the placing foreman shall be notified and 
he shall take appropriate action to have the air content corrected at the 
plant. Additional tests for air content will be performed on each truckload 
of material until such time as the air content is within the tolerance 
specified.

3.8.2.3   Slump Test

Two slump tests shall be made on randomly selected batches of each class of 
concrete for every 250 cubic yards, or fraction thereof, of concrete placed 
during each shift. Additional tests shall be performed when excessive 
variation in the workability of the concrete is noted or when excessive 
crumbling or slumping is noted along the edges of slip-formed concrete.

3.8.3   Thickness Evaluation

The anticipated thickness of the concrete shall be determined prior to 
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placement by passing a template through the formed section or by measuring 
the depth of opening of the extrusion template of the curb forming machine. 
If a slip form paver is used for sidewalk placement, the subgrade shall be 
true to grade prior to concrete placement and the thickness will be 
determined by measuring each edge of the completed slab.

3.8.4   Surface Evaluation

The finished surface of each category of the completed work shall be 
uniform in color and free of blemishes and form or tool marks.

3.9   SURFACE DEFICIENCIES AND CORRECTIONS

3.9.1   Thickness Deficiency

When measurements indicate that the completed concrete section is deficient 
in thickness by more than 1/4 inch the deficient section will be removed, 
between regularly scheduled joints, and replaced.

3.9.2   High Areas

In areas not meeting surface smoothness and plan grade requirements, high 
areas shall be reduced either by rubbing the freshly finished concrete with 
carborundum brick and water when the concrete is less than 36 hours old or 
by grinding the hardened concrete with an approved surface grinding machine 
after the concrete is 36 hours old or more. The area corrected by grinding 
the surface of the hardened concrete shall not exceed 5 percent of the area 
of any integral slab, and the depth of grinding shall not exceed 1/4 inch.  
Pavement areas requiring grade or surface smoothness corrections in excess 
of the limits specified above shall be removed and replaced.

3.9.3   Appearance

Exposed surfaces of the finished work will be inspected by the Government 
and any deficiencies in appearance will be identified. Areas which exhibit 
excessive cracking, discoloration, form marks, or tool marks or which are 
otherwise inconsistent with the overall appearances of the work shall be 
removed and replaced.

         -- End of Section --
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SECTION 32 93 00

EXTERIOR PLANTS
02/10

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced. The publications are referred to within the text by the 
basic designation only.

AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI)

ANSI A300 (1995) Tree Care Operations - Trees, 
Shrubs and Other Woody Plant Maintenance

ANSI Z133.1 (2006) Arboricultural Operations - Safety 
Requirements for Pruning, Repairing, 
Maintaining, and Removing Trees, and 
Cutting Brush

ANSI Z60.1 (1996) Nursery Stock

ASTM INTERNATIONAL (ASTM)

ASTM C 602 (2007) Agricultural Liming Materials

ASTM D 2729 (2003) Poly(Vinyl Chloride) (PVC) Sewer 
Pipe and Fittings

ASTM D 3034 (2008) Standard Specification for Type PSM 
Poly(Vinyl Chloride) (PVC) Sewer Pipe and 
Fittings

ASTM D 4972 (2001; R 2007) pH of Soils

ASTM D 5268 (2007) Topsoil Used for Landscaping 
Purposes

ASTM D 5852 (2000; R 2007) Standard Test Method for 
Erodibility Determination of Soil in the 
Field or in the Laboratory by the Jet 
Index Method

ASTM D 6629 (2001; R 2007) Selection of Methods for 
Estimating Soil Loss by Erosion

L.H. BAILEY HORTORIUM (LHBH)

LHBH (1976) Hortus Third

U.S. DEPARTMENT OF AGRICULTURE (USDA)

DOA SSIR 42 (1996) Soil Survey Investigation Report 
No. 42, Soil Survey Laboratory Methods 
Manual, Version 3.0
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1.2   RELATED REQUIREMENTS

Section 31 23 00.00 20 EXCAVATION AND FILL applies to this section for 
pesticide use and plant establishment requirements, with additions and 
modifications herein.

1.3   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for Contractor Quality Control 
approval. The following shall be submitted in accordance with Section 
01 33 00 SUBMITTAL PROCEDURES:

SD-01 Preconstruction Submittals

State Landscape Contractor's License
Time Restrictions and Planting Conditions

Indicate anticipated dates and locations for each type of planting.

SD-03 Product Data

Ground Stakes
Weed control fabric; G
Root control barrier; G
Rock ground cover/boulders; G
Staking Material
Ground Stakes
Antidesiccants
Photographs; G

SD-04 Samples

Rock ground cover/boulders; G

SD-06 Test Reports

Topsoil composition tests; Soil Test of proposed area
Percolation Test; Percolation Test of current growing area

SD-07 Certificates

Nursery certifications

Indicate names of plants in accordance with the LHBH, including type, 
quality, and size.

SD-10 Operation and Maintenance Data

Plastic Identification

When not labeled, identify types in Operation and Maintenance 
Manual.
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1.4   QUALITY ASSURANCE

1.4.1   Topsoil Composition Tests

Commercial test from an independent testing laboratory including basic soil 
groups (moisture and saturation percentages, Nitrogen-Phosphorus-Potassium 
(N-P-K) ratio, pH (ASTM D 4972), soil salinity), secondary nutrient groups 
(calcium, magnesium, sodium, Sodium Absorption Ratio (SAR)), micronutrients 
(zinc, manganese, iron, copper), toxic soil elements (boron, chloride, 
sulfate), cation exchange and base saturation percentages, and soil 
amendment and fertilizer recommendations with quantities for plant material 
being transplanted. Soil required for each test shall include a maximum 
depth of 18 inches of approximately 1 quart volume for each test. Areas 
sampled should not be larger than 1 acre and should contain at least 6-8 
cores for each sample area and be thoroughly mixed. Problem areas should be 
sampled separately and compared with samples taken from adjacent 
non-problem areas. The location of the sample areas should be noted and 
marked on a parcel or planting map for future reference.

1.4.2   Nursery Certifications

a.  Indicate on nursery letterhead the name of plants in 
accordance with the LHBH, including botanical common names, 
quality, and size. Also include native material growing methods 
and materials used.

1.4.3   State Landscape Contractor's License

Construction company shall hold a landscape contractors license in the 
state where the work is performed and have a minimum of five years 
landscape construction experience. Submit copy of license and three 
references for similar work completed in the last five years.

1.4.4   Plant Material Photographs

Contractor shall submit nursery photographs, for government approval prior 
to ordering, for each tree larger than 24-inch box/ 2-inch caliper size.

1.4.5   Percolation Test

Immediately following rough grading operation, identify a typical location 
for one of the largest trees and or shrubs and excavate a pit per the 
project details. Fill the pit with water to a depth of 12 inches. The 
length of time required for the water to percolate into the soil, leaving 
the pit empty, shall be measured by the project Landscape Architect and 
verified by the Contracting Officer. Within six hours of the time the water 
has drained from the pit, the Contractor, with the Contracting Officer and 
project Landscape Architect present, shall again fill the pit with water to 
a depth of 12 inches. If the water does not completely percolate into the 
soil within 9 hours, a determination shall be made whether a drainage 
system or a soil penetrant will be required for each tree and or shrub 
being transplanted.

1.4.6   Erosion Assessment

Assess potential effects of soil management practices on soil loss in 
accordance with ASTM D 6629. Assess erodibility of soil with dominant soil 
structure less than 2.8 to 3.1 inches in accordance with ASTM D 5852.
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1.4.7   Pre-Installation Meeting

Convene a pre-installation meeting a minimum of one week prior to 
commencing work of this section. Require attendance of parties directly 
affecting work of this section. Review conditions of operations, procedures 
and coordination with related work. Agenda shall include the following:

a.  Tour, inspect, and discuss conditions of planting materials.

b.  Review planting schedule and maintenance.

c.  Review required inspections.

d.  Review environmental procedures.

1.5   DELIVERY, STORAGE, AND HANDLING

1.5.1   Delivery

1.5.1.1   Branched Plant Delivery

Deliver with branches tied and exposed branches covered with material which 
allows air circulation. Prevent damage to branches, trunks, root systems, 
and root balls and desiccation of leaves.

1.5.1.2   Soil Amendment Delivery

Deliver to the site in original, unopened containers bearing manufacturer's 
chemical analysis, name, trade name, or trademark, and indication of 
conformance to state and federal laws. Instead of containers, gypsum, 
sulfur, iron, and lime may be furnished in bulk with a certificate 
indicating the above information.  Store in dry locations away from 
contaminates.

1.5.1.3   Plant Labels

Deliver plants with durable waterproof labels in weather-resistant ink. 
Provide labels stating the correct botanical and common plant name and 
variety as applicable and size as specified in the list of required plants. 
Attach to plants, bundles, and containers of plants. Groups of plants may 
be labeled by tagging one plant. Labels shall be legible for a minimum of 
60 days after delivery to the planting site.

1.5.2   Storage

1.5.2.1   Plant Storage and Protection

Store and protect plants not planted on the day of arrival at the site as 
follows:

a.  Shade and protect plants in outside storage areas from the wind 
and direct sunlight until planted.

b.  Heel-in bare root plants.

c.  Protect balled and burlapped plants from freezing or drying out by 
covering the balls or roots with moist burlap, sawdust, wood 
chips, shredded bark, peat moss, or other approved material.  
Provide covering which allows air circulation.
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d.  Keep plants in a moist condition until planted by watering with a 
fine mist spray.

e.  Do not store plant material directly on concrete or bituminous 
surfaces.

1.5.2.2   Gypsum and pH Adjusters Storage

Store in dry locations away from contaminants.

1.5.2.3   Topsoil

Prior to stockpiling topsoil, eradicate on site undesirable growing 
vegetation. Clear and grub existing vegetation three to four weeks prior to 
stockpiling existing topsoil.

1.5.2.4   Root Control Barrier and Weed Control Fabric

Store materials on site in enclosures or under protective covering in dry 
location. Store under cover out of direct sunlight. Do not store materials 
directly on ground.

1.5.3   Handling

Do not drop or dump plants from vehicles. Avoid damaging plants being moved 
from nursery or storage area to planting site. Handle boxed and container 
plants carefully to avoid damaging or breaking the earth ball or root 
structure. Do not handle plants by the trunk or stem. Remove damaged plants 
from the site.

1.5.4   TIME LIMITATION

Except for container-grown plant material, the time limitation from digging 
to installing plant material shall be a maximum of 90 days. The time 
limitation between installing the plant material and placing the mulch 
shall be a maximum of 24 hours.

1.6   TIME RESTRICTIONS AND PLANTING CONDITIONS

Coordinate installation of planting materials during optimal planting 
seasons for each type of plant material required.

1.6.1   Planting Dates

Plant all plants from November to April.

1.6.2   Restrictions

Do not plant when ground is frozen, snow covered, muddy, or when air 
temperature exceeds 90 degrees Fahrenheit

1.7   GUARANTEE

All plants shall be guaranteed for one year beginning on the date of 
inspection by the Contracting Officer to commence the plant establishment 
period, against defects including death and unsatisfactory growth, except 
for defects resulting from lack of adequate maintenance, neglect, or abuse 
by the Government or by weather conditions unusual for the warranty period. 

SECTION 32 93 00  Page 5



NASA/DFRC - FACILITIES SUPPORT CENTER, EDM-1703
FINAL SUBMITTAL

Transplanted plants require no guarantee.

At end of warranty period, replace planting materials that die or have 25 
percent or more of their branches that die during the construction 
operations or the guarantee period.

PART 2   PRODUCTS

2.1   PLANTS

2.1.1   Regulations and Varieties

Eisting trees and shrubs to remain shall be protected and a planting plan 
be arranged around them. Furnish nursery stock in accordance with ANSI Z60.1, 
except as otherwise specified or indicated. Each plant or group of planting 
shall have a "key" number indicated on the nursery certifications of the 
plant schedule. Furnish plants, including turf grass, grown under climatic 
conditions similar to those in the locality of the project. Plants 
specified shall be indigenous, low maintenance varieties, tolerant of 
site's existing soils and climate without supplemental irrigation or 
fertilization once established. Plants of the same specified size shall be 
of uniform size and character of growth. Plants shall be chosen with their 
mature size and growth habit in mind to avoid over-planting and conflict 
with other plants, structures or underground utility lines. All plants 
shall comply with all Federal and State Laws requiring inspection for plant 
diseases and infestation.

2.1.2   Shape and Condition

Well-branched, well-formed, sound, vigorous, healthy planting stock free 
from disease, sunscald, windburn, abrasion, and harmful insects or insect 
eggs and having a healthy, normal, and undamaged root system.

2.1.2.1   Deciduous Trees and Shrubs

Symmetrically developed and of uniform habit of growth, with straight boles 
or stems, and free from objectionable disfigurements.

2.1.2.2   Evergreen Trees and Shrubs

Well developed symmetrical tops with typical spread of branches for each 
particular species or variety.

2.1.3   Plant Size

Minimum sizes measured after pruning and with branches in normal position, 
shall conform to measurements indicated, based on the average width or 
height of the plant for the species as specified in ANSI Z60.1. Plants 
larger in size than specified may be provided with approval of the 
Contracting Officer. When larger plants are provided, increase the ball of 
earth or spread of roots in accordance with ANSI Z60.1.

2.1.4   Root Ball Size

All box-grown and container-grown root balls shall conform to ANSI Z60.1.  
All wrappings and ties shall be biodegradable. Root growth in container 
grown plants shall be sufficient to hold earth intact when removed from 
containers. Root bound plants will not be accepted.
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2.1.4.1   Mycorrhizal fungi inoculum

Before shipment, root systems shall contain mycorrhizal fungi inoculum.

2.1.5   Growth of Trunk and Crown

2.1.5.1   Deciduous Trees

A height to caliper relationship shall be provided in accordance with 
ANSI Z60.1. Height of branching shall bear a relationship to the size and 
species of tree specified and with the crown in good balance with the 
trunk.  The trees shall not be "poled" or the leader removed.

a.  Single stem: The trunk shall be reasonably straight and 
symmetrical with crown and have a persistent main leader.

b.  Multi-stem: All countable stems, in aggregate, shall average the 
size specified. To be considered a stem, there shall be no 
division of the trunk which branches more than 6 inches from 
ground level.

2.1.5.2   Deciduous Shrubs

Deciduous shrubs shall have the height and number of primary stems 
recommended by ANSI Z60.1. Acceptable plant material shall be well shaped, 
with sufficient well-spaced side branches, and recognized by the trade as 
typical for the species grown in the region of the project.

2.1.5.3   Broadleaf Evergreen Plant Material

Broadleaf evergreen plant material shall have the height-to-spread ratio 
recommended by ANSI Z60.1. Acceptable plant material shall be well shaped 
and recognized by the trade as typical for the variety grown in the region 
of the project.

2.2   TOPSOIL

2.2.1   Existing Soil

Modify to conform to requirements specified in paragraph entitled 
"Composition."

2.2.2   Off-Site Topsoil

Conform to requirements specified in paragraph entitled "Composition." 
Additional topsoil shall be furnished by the Contractor.

2.2.3   Composition

Evaluate soil for use as topsoil in accordance with ASTM D 5268. From 5 to 
10 percent organic matter as determined by the topsoil composition tests of 
the Organic Carbon, 6A, Chemical Analysis Method described in DOA SSIR 42.  
Maximum particle size, 3/4 inch, with maximum 3 percent retained on 1/4 inch
screen. The pH shall be tested in accordance with ASTM D 4972. Topsoil 
shall be free of sticks, stones, roots, plants, and other debris and 
objectionable materials. Other components shall conform to recommendations 
of the soils report.
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2.3   SOIL CONDITIONERS

Provide singly or in combination as required to meet specified requirements 
for topsoil. Soil conditioners shall be nontoxic to plants and as 
recomended in the soils reort.

2.3.1   Lime

Commercial grade limestone containing a calcium carbonate equivalent 
(C.C.E.) as specified in ASTM C 602.

2.3.2   Aluminum Sulfate

Commercial grade.

2.3.3   Sulfur

100 percent elemental

2.3.4   Iron

100 percent elemental

2.3.5   Sand

Clean and free of materials harmful to plants.

2.3.6   Perlite

Horticultural grade.

2.3.7   Gypsum

Coarsely ground gypsum from recycled scrap gypsum board comprised of 
calcium sulfate dihydrate 91 percent, calcium 22 percent, sulfur 17 
percent; minimum 96 percent passing through 20 mesh screen, 100 percent 
passing thru 16 mesh screen.

2.3.8   Vermiculite

Horticultural grade for planters.

2.4   PLANTING SOIL MIXTURES

 100 percent topsoil as specified herein.

2.5   WEED CONTROL FABRIC

2.5.1   Roll Type Polypropylene or Polyester Mats

Fabric shall be woven, needle punched or non-woven and treated for 
protection against deterioration due to ultraviolet radiation. Fabric shall 
be minimum 99 percent opaque to prevent photosynthesis and seed germination 
from occurring, yet allowing air, water and nutrients to pass thru to the 
roots. Minimum weight shall be 5 ounces per square yard with a minimum 
thickness of 20 mils with a 20 year (minimum) guarantee.
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2.6   DRAINAGE PIPE FOR PLANT PITS AND BEDS

Plastic polyvinyl chloride pipe, 4 ches in diameter conforming to 
ASTM D 3034 SDR 35 perforated conforming to ASTM D 2729. Minimum 25 percent 
recycled content with a minimum of 15 percent post-consumer recycled 
content.

2.7   STAKING AND GUYING MATERIAL

2.7.1   Staking Material

2.7.1.1   Tree Support Stakes

Rough sawn FSC-certified or salvaged hard wood free of knots, rot, cross 
grain, bark, long slivers, or other defects that impair strength. Stakes 
shall be minimum 2 inches square or 2 1/2 inch diameter by 8 feet long, 
pointed at one end.

2.7.1.2   Ground Stakes

FSC-certified or salvaged wood, 2 inches square are by 3 feet long, pointed 
at one end.

2.7.2   Hose Chafing Guards

New or used 2 ply 3/4 inch diameter reinforced rubber or plastic hose, 
black or dark green, all of same color.

2.8   ANTIDESICCANTS

Sprayable, water insoluble vinyl-vinledine complex which produce a moisture 
retarding barrier not removable by rain or snow. Film shall form at 
temperatures commonly encountered out of doors during planting season and 
have a moisture vapor transmission rate (MVT) of the resultant film of 
maximum 10 grams per 24 hours at 70 percent humidity.

2.9   ROOT CONTROL BARRIER

Linear barrier with integral vertical root deflecting ribs constructed of 
ultraviolet resistant polypropylene material. Color to be black.

2.10   WATER

Source of water to be approved by Contracting Officer and suitable quality 
for irrigation and shall not contain elements toxic to plant life, 
including acids, alkalis, salts, chemical pollutants, and organic matter.  
Use collected storm water or graywater when available.

2.11   MYCORRHIZAL FUNGI INOCULUM

Mycorrhizal fungi inoculum shall be composed of multiple-fungus inoculum as 
recommended by the manufacturer for the plant material specified.

2.12   SOURCE QUALITY CONTROL

The Contracting Officer will inspect plant materials at the project site 
and approve them. Tag plant materials for size and quality.
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PART 3   EXECUTION

3.1   EXTENT OF WORK

Provide soil preparation, tree, shrub, and planting, staking and guying, 
weed control fabric, and root control barrier installation and rock ground 
cover of all newly graded finished earth surfaces, unless indicated 
otherwise, and at all areas inside or outside the limits of construction 
that are disturbed by the Contractor's operations.

3.2   ALTERNATIVE HERBICIDE TREATMENT

Within 48 hours of subsoil preparation, saturate soil with water to a depth 
of 3 feet. Immediately stake polyethylene sheeting over area to be planted. 
Stake tightly to surface of soil. Maintain sheeting in place for a minimum 
of 6 weeks. Immediately after removing sheeting, cover area to be planted 
with topsoil. Do not till soil prior to applying topsoil.

3.3   PREPARATION
 
3.3.1   Protection

Protect existing and proposed landscape features, elements, and sites from 
damage or contamination. Protect trees, vegetation, and other designated 
features by erecting high-visibility, reusable construction fencing.  
Locate fence no closer to trees than the drip line. Plan equipment and 
vehicle access to minimize and confine soil disturbance and compaction to 
areas indicated on Drawings.

3.3.2   Layout

Stake out approved plant material locations and planter bed outlines on the 
project site before digging plant pits or beds. The Contracting Officer 
reserves the right to adjust plant material locations to meet field 
conditions. Do not plant closer than 60 inches to a building wall, pavement 
edge, fence or wall edge and other similar structures. Provide on-site 
locations for excavated rock, soil, and vegetation.

3.3.3   Root Control Barrier

Install linear polypropylene barrier a minimum 1/2 inch above finish grade 
to prevent root growth over the barrier. Backfill the outside of the 
barrier with 3/4 to one gravel a minimum width of 2 inches. For linear 
barrier application use appropriate device to connect two pieces.

3.3.4   Subsoil Drainage for Plant Pits and Beds

Provide as indicated. Lay perforated drain pipe with perforations down. 
Backfill trenches as specified in Section 31 23 00.00 20 EXCAVATION AND 
FILL.

3.4   PLANT BED PREPARATION

Verify location of underground utilities prior to excavation. Protect 
existing adjacent turf before excavations are made. Do not disturb topsoil 
and vegetation in areas outside those indicated on Drawings. Where planting 
beds occur in existing turf areas, remove turf to a depth that will ensure 
removal of entire root system. Measure depth of plant pits from finished 
grade. Depth of plant pit excavation shall be as indicated and provide 
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proper relation between top of root ball and finished grade. Install plant 
material as specified in paragraph entitled "Plant Installation."  Do not 
install trees within 10 feet of any utility lines or building walls.

3.5   PLANT INSTALLATION

3.5.1   Individual Plant Pit Excavation

Excavate pits at least twice as large in diameter as the size of ball or 
container to depth shown.

3.5.2   Handling and Setting

Move plant materials only by supporting the root ball or container. Set 
plants on native soil and hold plumb in the center of the pit until soil 
has been tamped firmly around root ball. Set plant materials, in relation 
to surrounding finish grade, one to 2 inches above the depth at which they 
were grown in the nursery, collecting field or container. Replace plant 
material whose root balls are cracked or damaged either before or during 
the planting process.

Plant material shall be set in plant beds according to the drawings.  
Backfill soil mixture shall be placed on previously scarified subsoil to 
completely surround the root balls, and shall be brought to a smooth and 
even surface, blending to existing areas.

3.5.2.1   Container Grown Stock

Remove from container and prevent damage to plant or root system.

3.5.3   Earth Mounded Watering Basin for Individual Plant Pits

Form with topsoil around each plant by placing a mound of topsoil around 
the edge of each plant pit. Watering basins shall be 6 inches deep for 
trees and 4 inches deep for shrubs. Construct watering basin in a 4 1/2 foot
diameter circle around specimen (not planted in a close group) trees and 
shrubs.

3.5.4   Weed Control Fabric Installation

Remove grass and weed vegetation, including roots, from within the area 
enclosed by edging. Completely cover areas enclosed by edging with 
specified weed control fabric prior to placing rock layer. Overlap cut edges
6 inches.

3.5.5   Watering

Start watering areas planted as required by temperature and wind 
conditions. Slow deep watering shall be used. Apply water at a rate 
sufficient to ensure thorough wetting of soil to a depth of 24 inches 
without run off or puddling. Watering of other plant material or adjacent 
areas shall be prevented.

3.5.6   Staking and Guying

3.5.6.1   Staking

Stake plants with the number of stakes indicated complete with double 
strand of 12 gage guy wire as detailed. Attach guy wire half the tree 
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height but not more than 5 feet high. Drive stakes to a depth of 2 1/2 to 3 
feet into the ground outside the plant pit. Do not injure the root ball.  
Use hose chafer guards where guy wire comes in contact with tree trunk.

3.5.7   Pruning

Prune in accordance with safety requirement of ANSI Z133.1.

3.5.7.1   Trees and Shrubs

Remove dead and broken branches. Prune to correct structural defects only.  
Retain typical growth shape of individual plants with as much height and 
spread as practical. Do not cut central leader on trees. Make cuts with 
sharp instruments. Do not flush cut with trunk or adjacent branches. 
Collars shall remain in place. Pruning shall be accomplished by trained and 
experienced personnel and shall be accordance with ANSI A300.

3.5.7.2   Wound Dressing

Do not apply tree wound dressing to cuts.

3.6   RESTORATION AND CLEAN UP

3.6.1   Restoration

Turf areas, pavements and facilities that have been damaged from the 
planting operation shall be restored to original condition at the 
Contractor's expense.

3.6.2   Clean Up

Excess and waste material shall be removed from the installed area and 
shall be disposed offsite at an approved landfill, recycling center, or 
composting center. Separate and recycle or reuse the following landscape 
waste materials: nylon straps, wire, wood stakes, and et cetera. Adjacent 
paved areas shall be cleared.

        -- End of Section --
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SECTION 33 11 00

WATER DISTRIBUTION
11/09

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced. The publications are referred to within the text by the 
basic designation only.

AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI)

ANSI B18.5.2.1M (1981; R 1995) Metric Round Head Short 
Square Neck Bolts

AMERICAN WATER WORKS ASSOCIATION(AWWA)

AWWA C104 (1995) Cement-Mortar Lining for 
Ductile-Iron Pipe and Fittings for Water

AWWA C105 (2005) Polyethylene Encasement for 
Ductile-Iron Pipe Systems

AWWA C110 (2003) Ductile-Iron and Gray-Iron 
Fittings, 3 In. Through 48 In. (76 mm 
through 1219 mm), for Water

AWWA C111 (2000) Rubber-Gasket Joints for 
Ductile-Iron Pressure Pipe and Fittings

AWWA C115 (1999) Flanged Ductile-Iron Pipe With 
Ductile-Iron or Gray-Iron Threaded Flanges

AWWA C151 (2002) Ductile-Iron Pipe, Centrifugally 
Cast, for Water

AWWA C153 (2000) Ductile-Iron Compact Fittings for 
Water Service

AWWA C500 (2002;R 2003) Metal-Seated Gate Valves for 
Water Supply Service

AWWA C503 (2005) Wet-Barrel Fire Hydrants

AWWA C504 (2000) Rubber-Seated Butterfly Valves

AWWA C508 (2001) Swing-Check Valves for Waterworks 
Service, 2 In. (50 mm) Through 24 In. (600 
mm) NPS

AWWA C509 (2001) Resilient-Seated Gate Valves for 
Water Supply Service

AWWA C511 (2007) Standard for Reduced-Pressure 
Principle Backflow Prevention Assembly
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AWWA C600 (2005) Installation of Ductile-Iron Water 
Mains and Their Appurtenances

AWWA C605 (2005) Underground Installation of 
Polyvinyl Chloride (PVC) Pressure Pipe and 
Fittings for Water

AWWA C606 (2004) Grooved and Shouldered Joints

AWWA C651 (2005; Errata 2005) Disinfecting Water 
Mains

AWWA C701 (2002) Cold-Water Meters - Turbine Type, 
for Customer Service

AWWA C706 (1996; R 2005) Direct-Reading, 
Remote-Registration Systems for Cold-Water 
Meters

AWWA C900 (1997) Polyvinyl Chloride (PVC) Pressure 
Pipe, and Fabricated Fittings, 4 In. 
Through 12 In. (100 mm Through 300 mm), 
for Water Distribution

AWWA C909 (2002) Molecularly Oriented Polyvinyl 
Chloride (PVCO) Pressure Pipe, 4 IN 
through 12 IN (100 mm Through 300 mm), for 
Water Distribution

AWWA M23 (2002) Manual: PVC Pipe - Design and 
Installation

ASME INTERNATIONAL (ASME)

ASME B16.1 (1998) Cast Iron Pipe Flanges and Flanged 
Fittings Classes 25, 125, and 250

ASME B16.15 (2006) Cast Bronze Threaded Fittings 
Classes 125 and 250

ASME B18.2.2 (1987; R 2005) Square and Hex Nuts

ASME B18.5.2.2M (1982; R 2000) Metric Round Head Square 
Neck Bolts

ASTM INTERNATIONAL (ASTM)

ASTM A 307 (2004) Carbon Steel Bolts and Studs, 60 
000 PSI Tensile Strength

ASTM A 47/A 47M (2004) Ferritic Malleable Iron Castings

ASTM A 48/A 48M (2003; R 2008) Standard Specification for 
Gray Iron Castings

ASTM A 536 (1984; R 2009) Standard Specifcation for 
Ductile Iron Castings
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ASTM A 563 (2004a) Carbon and Alloy Steel Nuts

ASTM A 98 (1992) Spiegeleisen

ASTM B 32 (2008) Standard Specification for Solder 
Metal

ASTM B 42 (2002e1) Seamless Copper Pipe, Standard 
Sizes

ASTM C 891 (1990; R 2003) Installation of Underground 
Precast Concrete Utility Structures

ASTM C 913 (2008) Specification for Precast Concrete 
Water and Wastewater Structures

ASTM C 94/C 94M (2006) Standard Specification for 
Ready-Mixed Concrete

ASTM D 1784 (2008) Standard Specification forRigid 
Poly(Vinyl Chloride) (PVC) Compounds and 
Chlorinated Poly(Vinyl Chloride) (CPVC) 
Compounds

ASTM D 1785 (2006) Standard Specification for 
Poly(Vinyl Chloride)(PVC) Plastic Pipe, 
Schedules 40, 80, and 120

ASTM D 2241 (2005) Standard Specification for 
Poly(Vinyl Chloride) (PVC) Pressure-Rated 
Pipe (SDR Series)

ASTM D 2464 (2006) Standard Specification for Threaded 
Poly(Vinyl Chloride) (PVC) Plastic Pipe 
Fittings, Schedule 80

ASTM D 2466 (2006) Standard Specification for 
Poly(Vinyl Chloride)(PVC) Plastic Pipe 
Fittings, Schedule 40

ASTM D 2467 (2005) Poly(Vinyl Chloride) (PVC) Plastic 
Pipe Fittings, Schedule 80

ASTM D 2564 (2004e1) Standard Specification for 
Solvent Cements for Poly(Vinyl Chloride) 
(PVC) Plastic Piping Systems

ASTM D 2774 (2008) Underground Installation of 
Thermoplastic Pressure Piping

ASTM D 2855 (1996; R 2002) Standard Practice for 
Making Solvent-Cemented Joints with 
Poly(Vinyl Chloride) (PVC) Pipe and 
Fittings

ASTM D 3139 (1998; R 2005) Joints for Plastic Pressure 
Pipes Using Flexible Elastomeric Seals

ASTM F 1483 (1998) Oriented Poly(Vinyl Chloride), 
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PVCO, Pressure Pipe

ASTM F 402 (1993; R 1999) Safe Handling of Solvent 
Cements, Primers, and Cleaners Used for 
Joining Thermoplastic Pipe and Fittings

ASTM F 477 (2008) Standard Specification for 
Elastomeric Seals (Gaskets) for Joining 
Plastic Pipe

FOUNDATION FOR CROSS-CONNECTION CONTROL AND HYDRAULIC RESEARCH 
(FCCCHR)

FCCCHR List (continuously updated) List of Approved 
Backflow Prevention Assemblies

MANUFACTURERS STANDARDIZATION SOCIETY OF THE VALVE AND FITTINGS 
INDUSTRY (MSS)

MSS SP-110 (1996) Ball Valves Threaded, 
Socket-Welding, Solder Joint, Grooved and 
Flared Ends

MSS SP-80 (2008) Bronze Gate, Globe, Angle and Check 
Valves

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 24 (2002) Installation of Private Fire 
Service Mains and Their Appurtenances

NFPA 325-1 (1994) Fire Hazard Properties of Flammable 
Liquids, Gases, and Volatile Solids

NFPA 49 (3003) Hazardous Chemicals Data

NFPA 704 (2001) Identification of the Hazards of 
Materials for Emergency Response

UNDERWRITERS LABORATORIES (UL)

UL 246 (1993; Rev thru Dec 1998) Hydrants for 
Fire-Protection Service

UL 312 (2004) Check Valves for Fire-Protection 
Service

UL 789 (2004) Indicator Posts for Fire-Protection 
Service

UNI-BELL PVC PIPE ASSOCIATION (UBPPA)

UBPPA UNI-B-3 (1992) Recommended Practice for the 
Installation of Polyvinyl Chloride (PVC) 
Pressure Pipe (Nominal Diameters 4-36 Inch)
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1.2   DESIGN REQUIREMENTS

1.2.1   Water Distribution Mains

Provide water distribution mains indicated as 4 through 12 inch diameter 
pipe sizes of ductile-iron, molecularly oriented polyvinyl chloride 
pressure (PVCO), or polyvinyl chloride (PVC) plastic pipe, as indicated.  
Provide water main accessories, gate valves, check valves, and backflow 
preventers as specified and where indicated.

1.2.2   Water Service Lines

Provide water service lines indicated as less than 4 inch lines from water 
distribution main to building service at the points indicated. Water 
service lines shall be copper pipe or polyvinyl chloride (PVC) plastic 
pipe, as indicated. Provide water service line appurtenances as specified 
and where indicated.

1.3   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for Contractor Quality Control 
approval. The following shall be submitted in accordance with Section 
01 33 00 SUBMITTAL PROCEDURES:

SD-03 Product Data

Piping Materials
Water distribution main piping, fittings, joints, valves, and 
coupling; G 
Water service line piping, fittings, joints, valves, and coupling; 
G
Reduced pressure principle backflow preventer assemblies; G
Turbine Type Meters; G
Valve boxes; G
Service saddle; G
Tapping sleeves; G
Pressure Regulator; G
Insulation; G
Precst Concrete Vault; G

Submit manufacturer's standard drawings or catalog cuts. Include 
information concerning gaskets with submittal for joints and 
couplings.

SD-06 Test Reports

Bacteriological Disinfection; G

Test results from commercial laboratory verifying disinfection

SD-07 Certificates

Water distribution main piping, fittings, joints, valves, and 
coupling
Water service line piping, fittings, joints, valves, and coupling

Reduced pressure principle backflow preventer assemblies

SECTION 33 11 00  Page 5



NASA/DFRC - FACILITIES SUPPORT CENTER, EDM-1703
FINAL SUBMITTAL

Certificates shall attest that tests set forth in each applicable 
referenced publication have been performed, whether specified in 
that publication to be mandatory or otherwise and that production 
control tests have been performed at the intervals or frequency 
specified in the publication.  Other tests shall have been 
performed within 3 years of the date of submittal of certificates 
on the same type, class, grade, and size of material as is being 
provided for the project.

SD-08 Manufacturer's Instructions

Delivery, storage, and handling
Installation procedures for water piping
Precst Concrete Vault

1.4   DELIVERY, STORAGE, AND HANDLING

1.4.1   Delivery and Storage

Inspect materials delivered to site for damage. Unload and store with 
minimum handling. Store materials on site in enclosures or under protective 
covering. Store plastic piping, jointing materials and rubber gaskets under 
cover out of direct sunlight. Do not store materials directly on the 
ground. Keep inside of pipes, fittings, valves and backflow preventers free 
of dirt and debris.

1.4.2   Handling

Handle pipe, fittings, valves, backflow preventers, and other accessories 
in a manner to ensure delivery to the water pipeline in sound undamaged 
condition. Take special care to avoid injury to coatings and linings on 
pipe and fittings; make repairs if coatings or linings are damaged. Do not 
place any other material or pipe inside a pipe or fitting after the coating 
has been applied. Carry, do not drag pipe to the pipeline or trench. Use of 
pinch bars and tongs for aligning or turning pipe will be permitted only on 
the bare ends of the pipe. The interior of pipe and accessories shall be 
thoroughly cleaned of foreign matter before being lowered into the trench 
and shall be kept clean during laying operations by plugging or other 
approved method. Before installation, the pipe shall be inspected for 
defects. Material found to be defective before or after laying shall be 
replaced with sound material without additional expense to the Government.  
Store rubber gaskets that are not to be installed immediately, under cover 
out of direct sunlight.

1.4.2.1   Miscellaneous Plastic Pipe and Fittings

Handle Polyvinyl Chloride (PVC) pipe and fittings in accordance with the 
manufacturer's recommendations. Store plastic piping and jointing materials 
that are not to be installed immediately under cover out of direct sunlight.

Storage facilities shall be classified and marked in accordance with 
NFPA 704, with classification as indicated in NFPA 49 and NFPA 325-1.
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PART 2   PRODUCTS

2.1   WATER DISTRIBUTION MAIN MATERIALS

2.1.1   Piping Materials

2.1.1.1   Ductile-Iron Piping

a.  Pipe and Fittings: Pipe, except flanged pipe, AWWA C151, Thickness 
Class 52. Flanged pipe, AWWA C115. Fittings, AWWA C110 or AWWA C153; 
fittings with push-on joint ends conforming to the same 
requirements as fittings with mechanical-joint ends, except that 
the bell design shall be modified, as approved, for push-on joint. 
Fittings shall have pressure rating at least equivalent to that of 
the pipe. Ends of pipe and fittings shall be suitable for the 
specified joints. Pipe and fittings shall have cement-mortar 
lining, AWWA C104, standard thickness.

b.  Joints and Jointing Material:

(1)  Joints: Joints for pipe and fittings shall be push-on joints 
or mechanical joints unless otherwise indicated. Provide flanged 
joints where indicated. Provide mechanically coupled type joints 
using a sleeve-type mechanical coupling where indicated. Provide 
grooved type joints where indicated. Provide insulating joints 
where indicated or specified. Joints made with sleeve-type 
mechanical coupling may be used in lieu of push-on joint, subject 
to the limitations specified in paragraph entitled "Sleeve-Type 
Mechanical Couplings." Grooved type joints may be used in lieu of 
flanged joint or push-on joint, except where joint is buried.

(2)  Push-On Joints: Shape of pipe ends and fitting ends, gaskets, 
and lubricant for joint assembly, AWWA C111.

(3)  Mechanical Joints: Dimensional and material requirements for 
pipe ends, glands, bolts and nuts, and gaskets, AWWA C111.

(4)  Flanged Joints: Bolts, nuts, and gaskets for flanged 
connections as recommended in the Appendix to AWWA C115. Flange 
for setscrewed flanges shall be of ductile iron, ASTM A 536, Grade 
65-45-12, and conform to the applicable requirements of ASME B16.1, 
Class 250. Setscrews for setscrewed flanges shall be 190,000 psi 
tensile strength, heat treated and zinc-coated steel.  Gasket and 
lubricants for setscrewed flanges, in accordance with applicable 
requirements for mechanical-joint gaskets specified in AWWA C111. 
Design of setscrewed gasket shall provide for confinement and 
compression of gasket when joint to adjoining flange is made.

(5)  Insulating Joints: Designed to effectively prevent 
metal-to-metal contact at the joint between adjacent sections of 
piping. Joint shall be of the flanged type with insulating gasket, 
insulating bolt sleeves, and insulating washers. Gasket shall be 
of the dielectric type, full face, and in other respects as 
recommended in the Appendix to AWWA C115. Bolts and nuts, as 
recommended in the Appendix to AWWA C115.

(6)  Sleeve-Type Mechanical Coupled Joints: As specified in 
paragraph entitled "Sleeve-Type Mechanical Couplings."
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(7)  Grooved Type Joints: Grooved pipe ends and couplings, 
AWWA C606. Joint dimension shall be as specified in AWWA C606 for 
rigid joints.

2.1.1.2   Polyvinyl Chloride (PVC) Plastic Piping

a.  Pipe and Fittings: Pipe, AWWA C900, shall be plain end or gasket 
bell end, Pressure Class 200 (DR 14) with 
cast-iron-pipe-equivalent OD. Molecularly Oriented Polyvinyl 
Chloride (PVCO) pressure pipe, AWWA C909,shall be plain end or 
gasket bell end, Pressure Class 200 with cast-iron-pipe-equivalent 
outside diameter.

b.  Fittings for PVC pipe: Fittings shall be gray iron or ductile 
iron, AWWA C110 or AWWA C153, and have cement-mortar lining, 
AWWA C104, standard thickness. Fittings with push-on joint ends 
shall conform to the same requirements as fittings with 
mechanical-joint ends, except that bell design shall be modified, 
as approved, for push-on joint suitable for use with PVC plastic 
pipe specified in this paragraph. Iron fittings and specials shall 
be cement-mortar lined in accordance with AWWA C104. Fittings and 
specials may be of the same material as the pipe with elastomeric 
gaskets, all in conformance with AWWA C605 and AWWA C900. Pipe, 
couplings and fittings for PVCO plastic pipe shall be manufactured 
of material conforming to ASTM F 1483 and ASTM D 1784, Class 
12454-B. Schedule 80 PVC fittings shall conform to ASTM D 2467.

c.  Joints and Jointing Material: Joints for pipe shall be push-on 
joints, ASTM D 3139. Joints between pipe and metal fittings, 
valves, and other accessories shall be push-on joints ASTM D 3139, 
or compression-type joints/mechanical joints, ASTM D 3139 and 
AWWA C111. Provide each joint connection with an elastomeric 
gasket suitable for the bell or coupling with which it is to be 
used.  Gaskets for push-on joints for pipe, ASTM F 477. Gaskets 
for push-on joints and compression-type joints/mechanical joints 
for joint connections between pipe and metal fittings, valves, and 
other accessories, AWWA C111, respectively, for push-on joints and 
mechanical joints. Mechanically coupled joints using a sleeve-type 
mechanical coupling, as specified in paragraph entitled 
"Sleeve-Type Mechanical Couplings," may be used as an optional 
jointing method in lieu of push-on joints on plain-end PVC plastic 
pipe, subject to the limitations specified for mechanically 
coupled joints using a sleeve-type mechanical coupling and to the 
use of internal stiffeners as specified for compression-type 
joints in ASTM D 3139.

d.  The water supply for the fire suppression system is classified as 
non-potable. All fire suppression water mains, valves, and 
hydrants shall be labeled accordingly.

2.1.2   Valves, Hydrants, and Other Water Main Accessories

2.1.2.1   Gate Valves on Buried Piping

AWWA C509. Unless otherwise specified, valves conforming to: (1) AWWA C509 
shall be nonrising stem type with solid-wedge gates and mechanical-joint 
ends or push-on joint ends as appropriate for the adjoining pipe, designed 
for a hydraulic working pressure of 175 psi. Valves shall open by 
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counterclockwise rotation of the valve stem. Stuffing boxes shall have 
0-ring stem seals. Stuffing boxes shall be bolted and constructed so as to 
permit easy removal of parts for repair. In lieu of mechanical-joint ends 
and push-on joint ends, valves may have special ends for connection to 
sleeve-type mechanical coupling. Valve ends and gaskets for connection to  
sleeve-type mechanical coupling shall conform to the applicable 
requirements specified respectively for the joint or coupling. Valves shall 
be of one manufacturer.

2.1.2.2   Gate Valves In Exposed Or Aboveground Locations

AWWA C509. Unless otherwise specified, valves conforming to: (1) AWWA C509 
shall be outside-screw-and-yoke rising-stem type with flanged ends and 
shall be designed for a hydraulic working pressure of 175 psi.  Valves 
shall have solid-wedge gates. Provide valves with handwheels that open by 
counterclockwise rotation of the valve stem. Stuffing boxes shall be bolted 
and constructed so as to permit easy removal of parts for repair. Valves 
shall be of one manufacturer.

2.1.2.3   Butterfly Valves

Rubber-seated butterfly valves shall conform to the performance 
requirements of AWWA C504. Wafer type valves conforming to the performance 
requirements of AWWA C504 in all respects, but not meeting laying length 
requirements will be acceptable if supplied and installed with a spacer 
providing the specified laying length. All tests required by AWWA C504 
shall be met. Flanged-end valves shall be installed in an approved pit and 
provided with a union or sleeve-type coupling in the pit to permit removal. 
Mechanical-end valves 3 through 10 inches in diameter may be direct burial 
if provided with a suitable valve box, means for manual operation, and an 
adjacent pipe joint to facilitate valve removal. Valve operators shall 
restrict closing to a rate requiring approximately 60 seconds, from fully 
open to fully closed.

2.1.2.4   Check Valves

Swing-check type, AWWA C508 or UL 312. Valves conforming to: (1) AWWA C508 
shall have iron or steel body and cover and flanged ends, and (2) UL 312 
shall have cast iron or steel body and cover, flanged ends, and designed 
for a working pressure of 75 psi. Materials for UL 312 valves shall conform 
to the reference standards specified in AWWA C508. Valves shall have clear 
port opening. Valves shall be weight-loaded where indicated. Flanges shall 
be Class 125 conforming to ASME B16.1.

2.1.2.5   Valve Boxes

Provide a valve box for each gate valve on buried piping. Valve boxes shall 
be of cast iron of a size suitable for the valve on which it is to be used 
and shall be adjustable. Cast-iron boxes shall have a minimum cover and 
wall thickness of 3/16 inch. Provide a round head. Cast the word "WATER" on 
the lid. The least diameter of the shaft of the box shall be 5 1/4 inches.  
Cast-iron box shall have a heavy coat of bituminous paint.

2.1.2.6   Sleeve-Type Mechanical Couplings

Couplings shall be designed to couple plain-end piping by compression of a 
ring gasket at each end of the adjoining pipe sections. The coupling shall 
consist of one middle ring flared or beveled at each end to provide a 
gasket seat; two follower rings; two resilient tapered rubber gaskets; and 
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bolts and nuts to draw the follower rings toward each other to compress the 
gaskets. The middle ring and the follower rings shall be true circular 
sections free from irregularities, flat spots, and surface defects; the 
design shall provide for confinement and compression of the gaskets. For 
ductile iron and PVC plastic pipe, the middle ring shall be of cast-iron 
and the follower rings shall be of malleable or ductile iron. Cast iron, 
ASTM A 48/A 48M, not less than Class 25. Malleable and ductile iron shall, 
conform to ASTM A 47/A 47M and ASTM A 536, respectively. Gaskets shall be 
designed for resistance to set after installation and shall meet the 
applicable requirements specified for gaskets for mechanical joint in 
AWWA C111. Bolts shall be track-head type, ASTM A 307, Grade A, with nuts, 
ASTM A 563, Grade A; or round-head square-neck type bolts, ANSI B18.5.2.1M 
and ASME B18.5.2.2M with hex nuts, ASME B18.2.2. Bolts shall be 5/8 inch in 
diameter; minimum number of bolts for each coupling shall be 4 for 4 inch 
and 6 inch pipe, 6 for 8 inch and 10 inch pipe, and 8 for 12 inch pipe.  
Bolt holes in follower rings shall be of a shape to hold fast the necks of 
the bolts used. Mechanically coupled joints using a sleeve-type mechanical 
coupling shall not be used as an optional method of jointing except where 
pipeline is adequately anchored to resist tension pull across the joint.  
Mechanical couplings shall provide a tight flexible joint under all 
reasonable conditions, such as pipe movements caused by expansion, 
contraction, slight setting or shifting in the ground, minor variations in 
trench gradients, and traffic vibrations. Couplings shall be of strength 
not less than the adjoining pipeline.

2.1.2.7   Tracer Wire for Nonmetallic Piping

Provide bare copper wire not less than 0.10 inch in diameter in sufficient 
length to be continuous over each separate run of nonmetallic pipe.

2.1.2.8   Fire Hydrants

Wet-barrel type. Paint hydrants with at least one coat of primer and two 
coats of yellow enamel paint, except use red enamel paint for tops of 
hydrants in non-potable water systems. The DFRC fire department shall 
stencil the hydrant number and main size on the hydrant barrel using black 
stencil paint.

a.  Wet-Barrel Type Fire Hydrants: Wet-barrel type hydrants, AWWA C503 
or UL 246, "Wet Barrel" design, shall have 6 inch inlet, one 4 1/2 
inch pumper connection, and two 2 1/2 inch hose connections.  
Pumper connection and hose connections shall be individually 
valved with independent nozzle gate valves. Inlet shall have 
mechanical-joint end only, except where flanged end is indicated; 
end shall conform to the applicable requirements as specified for 
the joint. Size and shape of operating nut, cap nuts, and threads 
on hose and pumper connections shall be as specified in AWWA C503 
or UL 246. Hydrants are indicated as "traffic type," shall have 
breakable features as mentioned in AWWA C503. The traffic type 
hydrant shall have special couplings joining upper and lower 
sections of hydrant barrel and upper and lower sections of hydrant 
stem and shall be designed to have the special couplings break 
from a force not less than that which would be imposed by a moving 
vehicle; hydrant shall operate properly under normal conditions.

b.  Wet-Barrel Type Fire Hydrants shall be CLOW Model 860 or approved 
equal. 
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2.1.2.9   Indicator Posts

UL 789.  Provide for gate valves where indicated.

2.1.3   Precst Concrete Vault

ASTM C 913, size and depth as indicated. Vault shall have a galvanizes 
steel cover and be parkway rated.

2.2   WATER SERVICE LINE MATERIALS

2.2.1   Piping Materials

2.2.1.1   Copper Pipe and Associated Fittings

Pipe, ASTM B 42, regular, threaded ends. Fittings shall be brass or bronze, 
ASME B16.15, 125 pound.

2.2.1.2   Plastic Piping

Plastic pipe and fittings shall bear the seal of the National Sanitation 
Foundation (NSF) for potable water service. Plastic pipe and fittings shall 
be supplied from the same manufacturer.

a.  Polyvinyl Chloride (PVC) Plastic Piping with Screw Joints:  
ASTM D 1785, Schedule 80; or ASTM D 2241, with SDR as necessary to 
provide  200 psi minimum pressure rating. Fittings, ASTM D 2466 or 
ASTM D 2467. Pipe and fittings shall be of the same PVC plastic 
material and shall be one of the following pipe/fitting 
combinations, as marked on the pipe and fitting, respectively: PVC 
2120/PVC II; PVC 2116/PVC II. Solvent cement for jointing, 
ASTM D 2564. Pipe couplings, when used shall be tested as required 
by ASTM D 2464.

b.  Polyvinyl Chloride (PVC) Plastic Piping with Elastomeric-Gasket 
Joints:

Pipe shall conform to dimensional requirements of ASTM D 1785 
Schedule 80, with joints meeting the requirements of 150 psi 
working pressure, 200 psi hydrostatic test pressure, unless 
otherwise shown or specified.

c.  Polyvinyl Chloride (PVC) Plastic Piping with Solvent Cement Joints:

Pipe shall conform to dimensional requirements of ASTM D 1785 or 
ASTM D 2241 with joints meeting the requirements of 150 psi 
working pressure and 200 psi hydrostatic test pressure.

d.  Molecularly Oriented Polyvinyl Chloride (PVCO) Pressure Pipe:  
AWWA C909, plain end or gasket bell end, Pressure Class 200 with 
cast iron pipe equivalent outside diameter.

2.2.1.3   Insulating Joints

Joints between pipe of dissimilar metals shall have a rubber-gasketed or 
other suitable approved type of insulating joint or dielectric coupling 
which will effectively prevent metal-to-metal contact between adjacent 
sections of piping.

SECTION 33 11 00  Page 11



NASA/DFRC - FACILITIES SUPPORT CENTER, EDM-1703
FINAL SUBMITTAL

2.2.2   Water Service Line Appurtenances

2.2.2.1   Service Clamps

Service clamps used for repairing damaged cast-iron, copper, or PVC pipe 
shall have a pressure rating not less than that of the pipe to be connected 
and shall be the double flattened strap type. Clamps shall have a bronze 
body with cadmium plated straps and nuts. Clamps shall have a rubber gasket 
cemented to the body.

2.2.2.2   Dielectric Fittings

Dielectric fittings shall be installed between threaded ferrous and 
nonferrous metallic pipe, fittings and valves, except where corporation 
stops join mains. Dielectric fittings shall prevent metal-to-metal contact 
of dissimilar metallic piping elements and shall be suitable for the 
required working pressure.

2.2.2.3   Check Valves

Check valves shall be designed for a minimum working pressure of 150 psi or 
as indicated. Valves shall have a clear waterway equal to the full nominal 
diameter of the valve. Valves shall open to permit flow when inlet pressure 
is greater than the discharge pressure, and shall close tightly to prevent 
return flow when discharge pressure exceeds inlet pressure. The size of the 
valve, working pressure, manufacturer's name, initials, or trademark shall 
be cast on the body of each valve. Valves 2 inches and larger shall be 
outside lever and weight type.

a.  Valves 2 inches and smaller shall be all bronze designed for 
screwed fittings, and shall conform to MSS SP-80, Class 150, Types 
3 and 4 as suitable for the application.

2.2.2.4   Gate Valves  3 Inch Size and Larger on Buried Piping

Gate valves 3 inch size and larger on buried piping AWWA C509 and of one 
manufacturer. Valves, AWWA C509, nonrising stem type with solid-wedge 
gates. Valves shall open by counterclockwise rotation of the valve stem.  
Stuffing boxes shall have 0-ring stem seals and shall be bolted and 
constructed so as to permit easy removal of parts for repair. Valves shall 
have end connections approriate to the pipe being connected.

2.2.2.5   Gate Valves Smaller than  3 Inch in Size

Gate valves smaller than 3 inch size MSS SP-80, Class 150, solid wedge, 
nonrising stem. Valves shall have flanged or threaded end connections, with 
a union on one side of the valve. Provide handwheel operators.

2.2.2.6   Gate Valve 3 Inch Size and Larger

Gate valves 3 inch size and larger in exposed locations, AWWA C509 and of 
one make. Valves conforming to: (1) AWWA C509 shall be 
outside-screw-and-yoke rising-stem type with flanged ends and solid-wedge 
gates. Materials for AWWA C509 valves shall conform to the reference 
standards specified in AWWA C500. Provide valves with handwheels that open 
by a counterclockwise rotation of the valve stem. Stuffing boxes shall be 
bolted and constructed so as to permit easy removal of parts for repair.
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2.2.2.7   Gate Valves Smaller Than 3 Inch Size in Exposed Locations

MSS SP-80, Class 150, solid wedge, inside screw, rising stem. Valves shall 
have flanged or threaded end connections, with a union on one side of the 
valve and a handwheel operator.

2.2.2.8   Ball Valves 1/2 inch Size and Smaller

MSS SP-110, Class 150, full port, bronze for fire water drip piping, size 
as indicated.

2.2.2.9   Valve Boxes

Provide a valve box for each gate valve on buried piping. Valve boxes shall 
be of cast iron of a size suitable for the valve on which it is to be used 
and shall be adjustable. Provide a round head. Cast the word "WATER" on the 
lid. The least diameter of the shaft of the box shall be 5 1/4 inches.  
Cast-iron box shall have a heavy coat of bituminous paint.

2.2.2.10   Tapping Sleeves

Tapping sleeves of the sizes indicated for connection to existing main 
shall be the cast gray, ductile, or malleable iron, split-sleeve type with 
flanged or grooved outlet, and with bolts, follower rings and gaskets on 
each end of the sleeve. Construction shall be suitable for a maximum 
working pressure of 150 psi. Bolts shall have square heads and hexagonal 
nuts. Longitudinal gaskets and mechanical joints with gaskets shall be as 
recommended by the manufacturer of the sleeve. When using grooved 
mechanical tee, it shall consist of an upper housing with full locating 
collar for rigid positioning which engages a machine-cut hole in pipe, 
encasing an elastomeric gasket which conforms to the pipe outside diameter 
around the hole and a lower housing with positioning lugs, secured together 
during assembly by nuts and bolts as specified, pretorqued to 50 foot-pound.

2.2.2.11   Service Saddle

Service saddles shall be installed to tap water mains as indicated and as 
specified herein. Saddles shall be bronze double strap type. Saddles shall 
be fabricated of 85-5-5-5 cast bronze. Gaskets shall be Grade 60, 
compounded to resist saltwater. Straps and nuts shall be copper silicon 
alloy 651 bolt temper, conforming to ASTM A 98. Washers shall be silicon 
bronze. Tap sizes shall be as indicated. Service saddles shall have a 
pressure rating not less than that of the service pipe being connected.

2.2.2.12   Turbine Type Meters

Turbine type meters shall conform to AWWA C701 Class II. The main casing 
shall be bronze or cast iron protected by corrosion resistant coating with 
stainless steel external fasteners. Registers shall be straight-reading 
type, shall be permanently sealed and shall read in U.S. gallons.  
Connections shall be suitable to the type of pipe and conditions 
encountered. Register type shall be a direct reading remote register 
designed in accordance with AWWA C706. Meters shall comply with the 
accuracy and capacity requirements of AWWA C701.

2.2.2.13   Insulation

To protect backflow preventer assemblies against damage caused by extremes 
of temperature, each exposed pipe and backflow preventer assembly shall be 
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wrapped with a 1/2-inch thickness of fiberglass blanket insulation and the 
insulation shall receive an outer wrap of weather-proof tape and a 
UV-resistant covering. The insulation, wrap, and covering shall not 
interfere with the proper operation of the backflow preventer.

2.2.2.14   Pressure Regulator

Pressure regulating valves shall maintain a constant downstream pressure 
regardless of fluctuations in demand. Valves shall be suitable for 150 psi 
operating pressure on the inlet side, with outlet pressure set for 65 psi.  
The valves shall be of the hydraulically-operated, pilot controlled, globe 
or angle type, and may be actuated either by diaphragm or piston. The pilot 
control shall be the diaphragm-operated, adjustable, spring-loaded type, 
designed to permit flow when controlling pressure exceeds the spring 
setting. Ends shall be threaded. Valve bodies shall be bronze, cast iron or 
cast steel with bronze trim. Valve stem shall be stainless steel. Valve 
discs and diaphragms shall be synthetic rubber. Valve seats shall be 
bronze. Pilot controls shall be bronze with stainless steel working parts.

2.3   Reduced Pressure Principle Backflow Preventer Assemblies

AWWA C511 reduced pressure principle type backflow preventer assemblies, 
line size as indicated. Backflow preventer assemblies shall have threaded 
connections and all bronze construction for sizes of 2 inches and 
smaller,and shall have flanged connections and galvanized cast-iron or 
epoxy-coated cast-iron construction for sizes larger than 2 inches. Each 
backflow preventer assembly shall include two check valves located between 
two shutoff valves with an area of reduced pressure between the check 
valves and a relief device arranged to discharge to the surrounding 
atmosphere. Fluctuations in piping pressure shall not cause cycling. The 
reduced pressure principle type of backflow preventer assembly shall 
automatically maintain a low pressure zone to positively prevent the 
backflow of water into the water suppl system. The reduced pressure 
principle type of backflow preventer assembly shall automatically indicate 
failure of any part vital to the prevention of backflow by the continuous 
discharge from the relief device. Each backflow preventer assembly shall be 
suitable for a cold water working pressure of not less than 150 psi. The 
backflow preventer assembly shall be designed so that any moving part may 
be replaced without removing the backflow preventer assembly from the 
pipeline being protected. Shutoff valves shall be full-port ball valves for 
sizes 2 inch and smaller, and shall be OS&Y type resilient wedge gate 
valves for sizes larger than 2 inches. Each backflow preventer assembly 
shall be equipped with: an in-line wye-style bronze strainer with 20 mesh 
screen on the inlet connection; and test adapter cocks to facilitate future 
tests/certifications. To the maximum extent practicable, all backflow 
preventer assemblies shall be the standard product of one manufacturer.

2.3.1   Certificate of Approval

Furnish a Certificate Of Full Approval or a Current Certificate of Approval 
for each design, size, and make of backflow preventer assembly being 
provided. Each certificate shall be from the Foundation For 
Cross-Connection Control and Hydraulic Research, University of Southern 
California (FCCCHR-USC), and shall attest that this design, size, and make 
of backflow preventer has satisfactorily passed the complete sequence of 
performance tests and evaluations for the respective level of approval. A 
Certificate Of Provisional Approval will not be acceptable in lieu of the 
above.
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2.3.2   Approved Backflow Prevention Assemblies

All backflow prevention assemblies to be provided shall be included on the 
current list of backflow prevention assemblies published by FCCCHR List.  
Notify the Contracting Officer when ant backflow preventer assembly to be 
repaired or tested/certified is not on the approved list. Any backflow 
preventer assembly not on the approved list shall be replaced with a 
currently listed approved backflow preventer assembly, as specified herein.

PART 3   EXECUTION

3.1   INSTALLATION OF PIPELINES

3.1.1   General Requirements for Installation of Pipelines

These requirements shall apply to all pipeline installation except where 
specific exception is made in the "Special Requirements..." paragraphs.

3.1.1.1   Location of Water Lines

Terminate the work covered by this section at the points indicated. Where 
the location of the water line is not clearly defined by dimensions on the 
drawings, do not lay water line closer horizontally than 10 feet from any 
sewer line. Where water lines cross under gravity sewer lines, encase sewer 
line fully in concrete for a distance of at least 10 feet on each side of 
the crossing, unless sewer line is made of pressure pipe with 
rubber-gasketed joints and no joint is located within 3 feet horizontally 
of the crossing. Lay water lines which cross sewer force mains and inverted 
siphons at least 2 feet above these sewer lines; when joints in the sewer 
line are closer than 3 feet horizontally from the water line, encase these 
joints in concrete. Do not lay water lines in the same trench with gas 
lines, fuel lines, or electric wiring. Copper piping shall not be installed 
in the same trench with ferrous piping materials. Where nonferrous metallic 
pipe, e.g. copper piping, cross any ferrous piping, provide a minimum 
vertical separation of  12 inches between pipes.

Where water piping is required to be installed within 3 feet of existing 
structures, the water pipe shall be sleeved as required in Paragraph 
"Casting Pipe". The Contractor shall install the water pipe and sleeve 
ensuring that there will be no damage to the structures and no settlement 
or movement of foundations or footings.

3.1.1.2   Earthwork

Perform earthwork operations in accordance with Section 31 23 00.00 20, 
EXCAVATION AND FILL.

3.1.1.3   Pipe Laying and Jointing

Remove fins and burrs from pipe and fittings. Before placing in position, 
clean pipe, fittings, valves, and accessories, and maintain in a clean 
condition. Provide proper facilities for lowering sections of pipe into 
trenches. Do not under any circumstances drop or dump pipe, fittings, 
valves, or any other water line material into trenches. Cut pipe in a neat 
workmanlike manner accurately to length established at the site and work 
into place without springing or forcing. Replace by one of the proper 
length any pipe or fitting that does not allow sufficient space for proper 
installation of jointing material. Blocking or wedging between bells and 
spigots will not be permitted. Lay bell-and-spigot pipe with the bell end 
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pointing in the direction of laying. Grade the pipeline in straight lines; 
avoid the formation of dips and low points. Support pipe at proper 
elevation and grade. Secure firm, uniform support. Wood support blocking 
will not be permitted. Lay pipe so that the full length of each section of 
pipe and each fitting will rest solidly on the pipe bedding; excavate 
recesses to accommodate bells, joints, and couplings. Provide anchors and 
supports where indicated and where necessary for fastening work into place. 
Make proper provision for expansion and contraction of pipelines. Keep 
trenches free of water until joints have been properly made. At the end of 
each work day, close open ends of pipe temporarily with wood blocks or 
bulkheads. Do not lay pipe when conditions of trench or weather prevent 
installation. Depth of cover over top of pipe shall not be less than 3 1/2 
feet (42 inches).

3.1.1.4   Installation of Tracer Wire

Install a continuous length of tracer wire for the full length of each run 
of nonmetallic pipe. Attach wire to top of pipe in such manner that it will 
not be displaced during construction operations.

3.1.1.5   Connections to Existing Water Lines

Make connections to existing water lines after approval is obtained and 
with a minimum interruption of service on the existing line. Make 
connections to existing lines under pressure in accordance with the 
recommended procedures of the manufacturer of the pipe being tapped and as 
indicated.

3.1.1.6   Penetrations

Pipe passing through walls of structures shall be provided with 
ductile-iron or Schedule 40 steel wall sleeves. Annular space between walls 
and sleeves shall be filled with rich cement mortar. Annular space between 
pipe and sleeves shall be filled with mastic.

3.1.1.7   Flanged Pipe

Flanged pipe shall only be installed above ground or with the flanges in 
valve pits.

3.1.2   Special Requirements for Installation of Water Mains

3.1.2.1   Installation of Ductile-Iron Piping

Unless otherwise specified, install pipe and fittings in accordance with 
paragraph entitled "General Requirements for Installation of Pipelines" and 
with the requirements of AWWA C600 for pipe installation, joint assembly, 
valve-and-fitting installation, and thrust restraint.

a.  Jointing:  Make push-on joints with the gaskets and lubricant 
specified for this type joint; assemble in accordance with the 
applicable requirements of AWWA C600 for joint assembly. Make 
mechanical joints with the gaskets, glands, bolts, and nuts 
specified for this type joint; assemble in accordance with the 
applicable requirements of AWWA C600 for joint assembly and the 
recommendations of Appendix A to AWWA C111. Make flanged joints 
with the gaskets, bolts, and nuts specified for this type joint.  
Make flanged joints up tight; avoid undue strain on flanges, 
fittings, valves, and other equipment and accessories. Align bolt 
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holes for each flanged joint. Use full size bolts for the bolt 
holes; use of undersized bolts to make up for misalignment of bolt 
holes or for any other purpose will not be permitted. Do not allow 
adjoining flange faces to be out of parallel to such degree that 
the flanged joint cannot be made watertight without overstraining 
the flange. When flanged pipe or fitting has dimensions that do 
not allow the making of a proper flanged joint as specified, 
replace it by one of proper dimensions. Use setscrewed flanges to 
make flanged joints where conditions prevent the use of 
full-length flanged pipe and assemble in accordance with the 
recommendations of the setscrewed flange manufacturer. Assemble 
joints made with sleeve-type mechanical couplings in accordance 
with the recommendations of the coupling manufacturer. Make 
grooved type joints with the couplings previously specified for 
this type joint connecting pipe with the grooved ends specified 
for this type joint; assemble in accordance with the 
recommendations of the coupling manufacturer. Groove pipe in the 
field only with approved groove cutting equipment designed 
especially for the purpose and produced by a manufacturer of 
grooved joint couplings; secure approval for field-cut grooves 
before assembling the joint. Make insulating joints with the 
gaskets, sleeves, washers, bolts, and nuts previously specified 
for this type joint. Assemble insulating joints as specified for 
flanged joints, except that bolts with insulating sleeves shall be 
full size for the bolt holes. Ensure that there is no 
metal-to-metal contact between dissimilar metals after the joint 
has been assembled.

b.   Allowable Deflection: The maximum allowable deflection shall be 
as given in AWWA C600. If the alignment requires deflection in 
excess of the above limitations, special bends or a sufficient 
number of shorter lengths of pipe shall be furnished to provide 
angular deflections within the limit set forth.

c.  Pipe Anchorage:  Provide concrete thrust blocks (reaction 
backing), setscrewed flanges (restrained joints), or metal harness 
for pipe anchorage, except where restrained joints or metal 
harness is specifically indicated. Thrust blocks shall be in 
accordance with the requirements of AWWA C600 for thrust 
restraint, except that size and positioning of thrust blocks shall 
be as indicated. Use concrete, ASTM C 94/C 94M, having a minimum 
compressive strength of 3,000 psi at 28 days. Metal harness shall 
be in accordance with the requirements of AWWA C600 for thrust 
restraint, using tie rods and clamps as shown in NFPA 24, except 
as otherwise indicated.

d.  Exterior Protection:  Completely encase buried ductile iron 
pipelines with polyethylene tube or sheet, using Class A or Class 
C polyethylene film, in accordance with AWWA C105.

3.1.2.2   Installation of PVC Plastic Water Main Pipe

Installation of PVC Plastic Water Main Pipe and Associated Fittings: Unless 
otherwise specified, install pipe and fittings in accordance with paragraph 
entitled "General Requirements for Installation of Pipelines"; with the 
requirements of UBPPA UNI-B-3 for laying of pipe, joining PVC pipe to 
fittings and accessories, and setting of hydrants, valves, and fittings; 
and with the recommendations for pipe joint assembly and appurtenance 
installation in AWWA M23, Chapter 7, "Installation."
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a.  Jointing: Make push-on joints with the elastomeric gaskets 
specified for this type joint, using either elastomeric-gasket 
bell-end pipe or elastomeric-gasket couplings. For pipe-to-pipe 
push-on joint connections, use only pipe with push-on joint ends 
having factory-made bevel; for push-on joint connections to metal 
fittings, valves, and other accessories, cut spigot end of pipe 
off square and re-bevel pipe end to a bevel approximately the same 
as that on ductile-iron pipe used for the same type of joint. Use 
an approved lubricant recommended by the pipe manufacturer for 
push-on joints. Assemble push-on joints for pipe-to-pipe joint 
connections in accordance with the requirements of UBPPA UNI-B-3 
for laying the pipe and the recommendations in AWWA M23, Chapter 
7, "Installation," for pipe joint assembly. Assemble push-on 
joints for connection to fittings, valves, and other accessories 
in accordance with the requirements of UBPPA UNI-B-3 for joining 
PVC pipe to fittings and accessories and with the applicable 
requirements of AWWA C600 for joint assembly. Make 
compression-type joints/mechanical joints with the gaskets, 
glands, bolts, nuts, and internal stiffeners previously specified 
for this type joint; assemble in accordance with the requirements 
of UBPPA UNI-B-3 for joining PVC pipe to fittings and accessories, 
with the applicable requirements of AWWA C600 for joint assembly, 
and with the recommendations of Appendix A to AWWA C111. Cut off 
spigot end of pipe for compression-type joint/mechanical-joint 
connections and do not re-bevel. Assemble joints made with 
sleeve-type mechanical couplings in accordance with the 
recommendations of the coupling manufacturer using internal 
stiffeners as previously specified for compression-type joints.

b.   Offset: Maximum offset in alignment between adjacent pipe joints 
shall be as recommended by the manufacturer and approved by the 
Contracting Officer, but shall not exceed 5 degrees.

c.  Pipe Anchorage: Provide concrete thrust blocks (reaction backing), 
sescrewed flanges (restrained joint), or metal harness for pipe 
anchorage, except where metal harness is indicated. Thrust blocks 
shall be in accordance with the requirements of UBPPA UNI-B-3 for 
reaction or thrust blocking and plugging of dead ends, except that 
size and positioning of thrust blocks shall be as indicated.  Use 
concrete, ASTM C 94/C 94M, having a minimum compressive strength of
 3,000 psi at 28 days. Metal harness shall be as indicated.

d.   Fittings: Install in accordance with AWWA C605.

3.1.2.3   Installation of Valves and Hydrants

a.  Installation of Valves: Install gate valves, AWWA C509, in 
accordance with the requirements of AWWA C600 for 
valve-and-fitting installation and with the recommendations of the 
Appendix ("Installation, Operation, and Maintenance of Gate 
Valves") to AWWA C509. Install gate valves on PVC water mains in 
accordance with the recommendations for appurtenance installation 
in AWWA M23, Chapter 7, "Installation." Install check valves in 
accordance with the applicable requirements of AWWA C600 for 
valve-and-fitting installation. Make and assemble joints to gate 
valves and check valves as specified for making and assembling the 
same type joints between pipe and fittings.
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3.1.3   Installation of Water Service Piping

3.1.3.1   Location

Connect water service piping and appurtenances where indicated.

3.1.3.2   Service Line Connections to Water Mains

Connect service lines and appurtenances as indicated.

3.1.4   Special Requirements for Installation of Water Service Piping

3.1.4.1   Installation of Metallic Piping

Install pipe and fittings in accordance with paragraph entitled "General 
Requirements for Installation of Pipelines" and with the applicable 
requirements of AWWA C600 for pipe installation, unless otherwise specified.

a.  Jointing:

(1)  Screwed Joints: Make screwed joints up tight with a stiff 
mixture of graphite and oil, inert filler and oil, or graphite 
compound; apply to male threads only. Threads shall be full cut; 
do not leave more than three threads on the pipe exposed after 
assembling the joint.

(2)  Joints for Copper Piping: Cut copper pipe with square ends; 
remove fins and burrs. Handle pipe carefully; replace dented, 
gouged, or otherwise damaged pipe with undamaged pipe. Make solder 
joints using ASTM B 32, 95-5 tin-antimony or Grade Sn96 solder.  
Solder and flux shall contain not more than 0.2 percent lead.  
Before making joint, clean ends of pipe and inside of fitting or 
coupling with wire brush or abrasive. Apply a rosin flux to the 
pipe end and on recess inside of fitting or coupling. Insert pipe 
end into fitting or coupling for the full depth of the recess and 
solder. For compression joints on flared tubing, insert tubing 
through the coupling nut and flare tubing.

(3)  Flanged Joints: Make flanged joints up tight, taking care to 
avoid undue strain on flanges, valves, fittings, and accessories.

3.1.4.2   Installation of Plastic Piping

Install pipe and fittings in accordance with paragraph entitled "General 
Requirements for Installation of Pipelines" and with the applicable 
requirements of ASTM D 2774 and ASTM D 2855, unless otherwise specified.  
Handle solvent cements used to join plastic piping in accordance with 
ASTM F 402.

a.  Jointing: Make solvent-cemented joints for PVC plastic piping 
using the solvent cement previously specified for this material; 
assemble joints in accordance with ASTM D 2855. Make plastic pipe 
joints to other pipe materials in accordance with the 
recommendations of the plastic pipe manufacturer.

b.  Plastic Pipe Connections to Appurtenances: Connect plastic pipe 
service lines to backflow preventer assemblies and gate valves in 
accordance with the recommendations of the plastic pipe 
manufacturer.
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3.1.5   Flushing And Disinfection

Flush new water piping to remove sediment, pipe cuttings, and other debris 
prior to disinfection or use. Prior to disinfection, obtain Contracting 
Officer approval of the proposed method for disposal of waste water from 
disinfection procedures. Disinfect new water piping and existing water 
piping affected by Contractor's operations in accordance with AWWA C651.  
Fill piping systems with solution containing minimum of 50 parts per 
million of available chlorine and allow solution to stand for minimum of 24 
hours. Flush solution from the systems with domestic water until maximum 
residual chlorine content is within the range of 0.2 and 0.5 parts per 
million, or the residual chlorine content of domestic water supply. Obtain 
at least two consecutive satisfactory bacteriological samples from new 
water piping, analyze by a certified laboratory, and submit the results 
prior to the new water piping being placed into service. Disinfection of 
systems supplying nonpotable water is not required.

3.1.6   Installation of Precast Concrete Vaults

Installation of precast concrete vaults shall conform to ASTM C 891.

3.2   FIELD QUALITY CONTROL

3.2.1   Field Tests and Inspections

Prior to hydrostatic testing, obtain Contracting Officer approval of the 
proposed method for disposal of waste water from hydrostatic testing. The 
Contracting Officer will conduct field inspections and witness field tests 
specified in this section. The Contractor shall perform field tests, and 
provide labor, equipment, and incidentals required for testing. The 
Contractor shall produce evidence, when required, that any item of work has 
been constructed in accordance with the drawings and specifications. Do not 
begin testing on any section of a buried pipeline where concrete thrust 
blocks have been provided until at least 5 days after placing of the 
concrete.

3.2.2   Testing Procedure

Test water mains and water service lines in accordance with the applicable 
specified standard, except for the special testing requirements given in 
paragraph entitled "Special Testing Requirements." Test ductile-iron water 
mains and water service lines in accordance with the requirements of 
AWWA C600 for hydrostatic testing. The amount of leakage on ductile-iron 
pipelines with mechanical-joints or push-on joints shall not exceed the 
amounts given in AWWA C600; no leakage will be allowed at joints made by 
any other method. Test PVC plastic water mains and water service lines made 
with PVC plastic water main pipe in accordance with the requirements of 
UBPPA UNI-B-3 for pressure and leakage tests. The amount of leakage on 
pipelines made of PVC plastic water main pipe shall not exceed the amounts 
given in UBPPA UNI-B-3, except that at joints made with sleeve-type 
mechanical couplings, no leakage will be allowed. Test water service lines 
in accordance with applicable requirements of AWWA C600 for hydrostatic 
testing. No leakage will be allowed at copper pipe joints, copper tubing 
joints (soldered, compression type, brazed), plastic pipe joints, or 
flanged joints.
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3.2.3   Special Testing Requirements

For pressure test, generally use a hydrostatic pressure 50 psi greater than 
the maximum working pressure of the system, except that: for those portions 
of the system having pipe size larger than 2 inches in diameter, 
hydrostatic test pressure shall be not less than 200 psi; and for those 
portions of the system having pipe size smaller than 2 inches in diameter, 
hydrostatic test pressure shall be not less than 150 psi. Hold this 
pressure for not less than 2 hours. Prior to the pressure test, fill that 
portion of the pipeline being tested with water for a soaking period of not 
less than 24 hours. For leakage test, use a hydrostatic pressure not less 
than the maximum working pressure of the system. Leakage test may be 
performed at the same time and at the same test pressure as the pressure 
test.

3.3   CLEANUP

Upon completion of the installation of water lines, and appurtenances, all 
debris and surplus materials resulting from the work shall be removed.

       -- End of Section --
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SECTION 33 30 00

SANITARY SEWERS
04/08

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced. The publications are referred to within the text by the 
basic designation only.

ASTM INTERNATIONAL (ASTM)

ASTM A 123/A 123M (2002) Zinc (Hot-Dip Galvanized) Coatings 
on Iron and Steel Products

ASTM C 150 (2005) Portland Cement

ASTM C 260 (2001) Air-Entraining Admixtures for 
Concrete

ASTM C 270 (2005a) Mortar for Unit Masonry

ASTM C 33 (2003) Concrete Aggregates

ASTM C 443 (2005) Joints for Concrete Pipe and 
Manholes, Using Rubber Gaskets

ASTM C 478 (2003a) Precast Reinforced Concrete 
Manhole Sections

ASTM C 923 (2002) Resilient Connectors Between 
Reinforced Concrete Manhole Structures, 
Pipes and Laterals

ASTM C 94/C 94M (2004a) Ready-Mixed Concrete

ASTM C 969 (2002) Infiltration and Exfiltration 
Acceptance Testing of Installed Precast 
Concrete Pipe Sewer Lines

ASTM C 972 (2000) Compression-Recovery of Tape Sealant

ASTM C 990 (2003a) Joints for Concrete Pipe, 
Manholes, and Precast Box Sections Using 
Preformed Flexible Joint Sealants

ASTM D 2321 (2005) Underground Installation of 
Thermoplastic Pipe for Sewers and Other 
Gravity-Flow Applications

ASTM D 2412 (2002) Determination of External Loading 
Characteristics of Plastic Pipe by 
Parallel-Plate Loading
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ASTM D 3034 (2004a) Type PSM Poly(Vinyl Chloride) 
(PVC) Sewer Pipe and Fittings

ASTM D 3212 (1996a; R 2003) Joints for Drain and Sewer 
Plastic Pipes Using Flexible Elastomeric 
Seals

ASTM D 4101 (2005a) Polypropylene Injection and 
Extrusion Materials

ASTM D 412 (1998a; R 2002e1) Vulcanized Rubber and 
Thermoplastic Elastomers - Tension

ASTM D 624 (2000e2) Tear Strength of Conventional 
Vulcanized Rubber and Thermoplastic 
Elastomers

ASTM F 477 (2002e1) Elastomeric Seals (Gaskets) for 
Joining Plastic Pipe

ASTM F 794 (2003) Poly(Vinyl Chloride) (PVC) Profile 
Gravity Sewer Pipe and Fittings Based on 
Controlled Inside Diameter

ASTM F 949 (2003) Poly(Vinyl Chloride) (PVC) 
Corrugated Sewer Pipe with a Smooth 
Interior and Fittings

U.S. GENERAL SERVICES ADMINISTRATION (GSA)

FS A-A-60005 (Basic) Frames.Covers, Gratings, Steps, 
Sump and Catch Basin, Manhole

U.S. NATIONAL ARCHIVES AND RECORDS ADMINISTRATION (NARA)

29 CFR 1910.27 Fixed Ladders

NSF INTERNATIONAL (NSF)

NSF 14 (2007; Addenda 2007) Plastic Piping System 
Components and Related Materials

UNI-BELL PVC PIPE ASSOCIATION (UBPPA)

UBPPA UNI-B-6 (1998) Recommended Practice for 
Low-Pressure Air Testing of Installed 
Sewer Pipe

1.2   SYSTEM DESCRIPTION

1.2.1   Sanitary Sewer Gravity Pipeline

Provide sanitary sewer drain lines of 4 inch, 6 inch or 8 inchdiameter 
Polyvinyl Chliotide (PVC) plastic non-pressure pipe, as indicated. The 
exterior sanitary gravity sewer system includes equipment, materials, 
installation, and workmanship as indicated and specified herein within, and 
adjacent to, the project area. Provide backwater valves where indicated.
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1.3   GENERAL REQUIREMENTS

The construction required herein shall include appurtenant structures and 
sewers to points of connection with the the project sewer system, as 
indicated. The Contractor shall replace damaged material and redo 
unacceptable work at no additional cost to the Government. Backfilling 
shall be accomplished after inspection by the Contracting Officer. Before, 
during, and after installation, plastic pipe and fittings shall be 
protected from any environment that would result in damage or deterioration 
to the material. The Contractor shall have a copy of the manufacturer's 
instructions available at the construction site at all times and shall 
follow these instructions unless directed otherwise by the Contracting 
Officer. Solvents, solvent compounds, lubricants, elastomeric gaskets, and 
any similar materials required to install the plastic pipe shall be stored 
in accordance with the manufacturer's recommendation and shall be discarded 
if the storage period exceeds the recommended shelf life. Solvents in use 
shall be discarded when the recommended pot life is exceeded.

1.4   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for Contractor Quality Control 
approval. The following shall be submitted in accordance with Section 
01 33 00 SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Precast concrete manhole;  G
Metal items;  G

Details, as specified.

SD-03 Product Data

Local/Regional Materials

Documentation indicating distance between manufacturing facility 
and the priject site. Indicste distance of raw material origin 
from the project site. Indicate relative dollar value of 
local/regional materials to total dollar value of products 
included in ptroject.

Documentation indicating percentage of post-industrial and 
post-consumer recycled content per unit of product. Indicate 
relative dollar value of recycled content products to total dollar 
value of products included in project.

Pipeline materials

Submit manufacturer's standard drawings or catalog cuts.

SD-06 Test Reports

Reports

Test and inspection reports, as specified.

SD-07 Certificates
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Portland Cement

Certificates of compliance stating that the fittings or gaskets 
used for waste drains or lines designated on the plans are oil 
resistant.

Gaskets

Certificates of compliance stating that the fittings or gaskets 
used for waste drains or lines are oil resistant.

1.5   DELIVERY, STORAGE, AND HANDLING

1.5.1   Delivery and Storage

1.5.1.1   Piping

Inspect materials delivered to site for damage; store with minimum of 
handling. Store materials on site in enclosures or under protective 
coverings. Store plastic piping and jointing materials and rubber gaskets 
under cover out of direct sunlight. Do not store materials directly on the 
ground. Keep inside of pipes and fittings free of dirt and debris.

1.5.1.2   Metal Items

Check upon arrival; identify and segregate as to types, functions, and 
sizes. Store off the ground in a manner affording easy accessibility and 
not causing excessive rusting or coating with grease or other objectionable 
materials.

1.5.1.3   Cement, Aggregate, and Reinforcement

As specified in Section 32 16 13 CONCRETE SIDEWALKS AND CURBS AND GUTTERS.

1.5.2   Handling

Handle pipe, fittings, and other accessories in such manner as to ensure 
delivery to the trench in sound undamaged condition. Carry, do not drag, 
pipe to trench.

PART 2   PRODUCTS

2.1   PIPELINE MATERIALS

Pipe shall conform to the respective specifications and other requirements 
specified below.

PVC pipe shall contain a minmum of 25 percent recycled content, with a 
minimum of 5 percent post-consumer recycled content. Pipe schedules shall 
be as indicated and specified. Plastic pipe, fittings, and solvent cement 
shall meet NSF 14 and be NSF listed for the service intended. 

2.1.1   PVC Plastic Gravity Sewer Piping

2.1.1.1   PVC Plastic Gravity Pipe and Fittings

ASTM D 3034, SDR 35, or ASTM F 949 with ends suitable for elastomeric 
gasket joints. ASTM F 794, Series 46, for ribbed sewer pipe with smooth 
interior, size 8 inch through 48 inch diameters.
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2.1.1.2   PVC Plastic Gravity Joints and Jointing Material

Joints shall conform to ASTM D 3212. Gaskets shall conform to ASTM F 477.

2.2   CONCRETE MATERIALS

2.2.1   Cement Mortar

Cement mortar shall conform to ASTM C 270, Type M with Type II cement.

2.2.2   Portland Cement

Portland cement shall conform to ASTM C 150, Type II or Type V for concrete 
used in manholes and in concrete cradle, concrete encasement, and thrust 
blocking. Air-entraining admixture conforming to ASTM C 260 shall be used 
with Type V cement. Where aggregates are alkali reactive, as determined by 
Appendix XI of ASTM C 33, a cement containing less than 0.60 percent 
alkalies shall be used.

2.2.3   Portland Cement Concrete

Portland cement concrete shall conform to ASTM C 94/C 94M, compressive 
strength of 4000 psi at 28 days, except for concrete cradle and thrust 
blocks. Concrete used for cradle and thrust block shall have a compressive 
strength of 2500 psi minimum at 28 days. Concrete in place shall be 
protected from freezing and moisture loss for 7 days.

2.3   MISCELLANEOUS MATERIALS

2.3.1   Precast Concrete Manholes

Precast concrete manhole risers, base sections, and tops shall conform to 
ASTM C 478; base and first riser shall be monolithic.

2.3.2   Gaskets and Connectors

Gaskets for joints between manhole sections shall conform to ASTM C 443.  
Resilient connectors for making joints between manhole and pipes entering 
manhole shall conform to ASTM C 923 or  ASTM C 990.

2.3.3   External Preformed Rubber Joint Seals

An external preformed rubber joint seal shall be an accepted method of 
sealing cast iron covers to precast concrete sections to prevent ground 
water infiltration into sewer systems. All finished and sealed manholes 
constructed in accordance with paragraph entitled "Manhole Construction" 
shall be tested for leakage in the same manner as pipelines as described in 
paragraph entitled "Leakage Tests." The seal shall be multi-section with a 
neoprene rubber top section and all lower sections made of Ethylene 
Proplene Di Monomer (EPDM) rubber with a minimum thickness of 60 mils.  
Each unit shall consist of a  top and bottom section and shall have mastic 
on the bottom of the bottom section and mastic on the top and bottom of the 
top section. The mastic shall be a non-hardening butyl rubber sealant and 
shall seal to the cone/top slab of the manhole/catch basin and over the lip 
of the casting. Extension sections shall cover up to two more adjusting 
rings. Properties and values are listed in the following tables:
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Properties, Test Methods and Minimum Values for
Rubber used in Preformed Joint Seals

  Physical Properties      Test Methods    EPDM    Neoprene    Butyl mastic

  Tensile, psi             ASTM D 412      1840      2195         -

  Elogation percent        ASTM D 412       553       295         350

  Tear Resistance, ppi     ASTM D 624       280       160         -
                           (Die B)

  Rebound, percent,        ASTM C 972          -        -          11
   5 minutes               (mod.)

  Rebound, percent,        ASTM C 972        -        -            12
   2 hours

2.3.4   Metal Items

2.3.4.1   Frames, Covers, and Gratings for Manholes

FS A-A-60005, cast iron; figure numbers shall be as follows:

a.  Traffic manhole:  Provide in paved areas.

Frame:  Figure 1, Size 22A
Cover:  Figure 8, Size 22A
Steps:  Figure 19

b.  Non-traffic manhole:

Frame:  Figure 4, Size 22
Cover:  Figure 12, Size 22
Steps:  Figure 19

Frames and covers shall be cast iron, ductile iron or reinforced concrete.  
Cast iron frames and covers shall be as indicated or shall be of type 
suitable for the application, circular, without vent holes. The frames and 
covers shall have a combined weight of not less than 400 pounds. The word 
"Sewer" shall be stamped or cast into covers so that it is plainly visible.

2.3.4.2   Manhole Steps

Zinc-coated steel conforming to 29 CFR 1910.27. As an option, plastic or 
rubber coating pressure-molded to the steel may be used. Plastic coating 
shall conform to ASTM D 4101, copolymer polypropylene. Rubber shall conform 
to ASTM C 443, except shore A durometer hardness shall be 70 plus or minus 
5. Aluminum steps or rungs will not be permitted. Steps are not required in 
manholes less than 4 feet deep.

2.3.4.3   Manhole Ladders

A steel ladder shall be provided where the depth of a manhole exceeds 12 
feet. The ladder shall not be less than 16 inches in width, with 3/4 inch 
diameter rungs spaced 12 inches apart. The two stringers shall be a minimum 
3/8 inch thick and 2 inches wide. Ladders and inserts shall be galvanized 
after fabrication in conformance with ASTM A 123/A 123M.
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2.4   REPORTS

Submit Test Reports.  Compaction and density test shall be in accordance 
with Section 31 23 00.00 20 EXCAVATION AND FILL. Submit Inspection Reports 
for daily activities during the installation of the sanitary system. 
Information in the report shall be detailed enough to describe location of 
work and amount of pipe laid in place, measured in linear feet.

PART 3   EXECUTION

3.1   INSTALLATION OF PIPELINES AND APPURTENANT CONSTRUCTION

3.1.1   General Requirements for Installation of Pipelines

These general requirements apply except where specific exception is made in 
the following paragraphs entitled "Special Requirements."

3.1.1.1   Location

The work covered by this section shall terminate at the existing sanitary 
sewer, unless otherwise indicated. Where the location of the sewer is not 
clearly defined by dimensions on the drawings, do not lay sewer line closer 
horizontally than 10 feet to a water main or service line. Where sanitary 
sewer lines pass above water lines, substitute rubber-gasketed pressure 
pipe for the pipe being used for a distance of 10 feet on each side of the 
crossing. Where sanitary sewer lines pass below water lines, lay pipe so 
that no joint in the sewer line will be closer than 3 feet, horizontal 
distance, to the water line.

a.  Sanitary piping installation parallel with water line:

(1)  Normal conditions: Sanitary piping or manholes shall be laid 
at least 10 feet horizontally from a water line whenever possible. 
The distance shall be measured edge-to-edge.

(2)  Unusual conditions: When local conditions prevent a 
horizontal separation of 10 feet, the sanitary piping or manhole 
may be laid closer to a water line provided that:

(a)  The top (crown) of the sanitary piping shall be at least 18 
inches below the bottom (invert) of the water main.

(b)  Where this vertical separation cannot be obtained, the 
sanitary piping shall be constructed of AWWA-approved ductile iron 
water pipe pressure tested in place without leakage prior to 
backfilling.

(c)  The sewer manhole shall be of watertight construction and 
tested in place.

b.  Installation of sanitary piping crossing a water line:

(1)  Normal conditions: Lay sanitary sewer piping by crossing 
under water lines to provide a separation of at least 18 inches 
between the top of the sanitary piping and the bottom of the water 
line whenever possible.

(2)  Unusual conditions: When local conditions prevent a vertical 

SECTION 33 30 00  Page 7



NASA/DFRC - FACILITIES SUPPORT CENTER, EDM-1703
FINAL SUBMITTAL

separation described above, use the following construction:

(a)  Sanitary piping passing over or under water lines shall be 
constructed of AWWA-approved ductile iron or PVC-plastic water 
pipe, pressure tested in place without leakage prior to 
backfilling.

(b)  Sanitary piping passing over water lines shall, in addition, 
be protected by providing:

1.  A vertical separation of at least 18 inches between the bottom 
of the sanitary piping and the top of the water line.

2.  Adequate structural support for the sanitary piping to prevent 
excessive deflection of the joints and the settling on and 
breaking of the water line.

3.  That the length, minimum 20 feet, of the sanitary piping be 
centered at the point of the crossing so that joints shall be 
equidistant and as far as possible from the water line.

c.  Sanitary sewer manholes: No water piping shall pass through or 
come in contact with any part of a sanitary sewer manhole.

3.1.1.2   Earthwork

Perform earthwork operations in accordance with Section 31 23 00.00 20, 
EXCAVATION AND FILL.

3.1.1.3   Pipe Laying and Jointing

Inspect each pipe and fitting before and after installation; replace those 
found defective and remove from site. Provide proper facilities for 
lowering sections of pipe into trenches. Lay nonpressure pipe with the bell 
ends in the upgrade direction. Adjust spigots in bells to give a uniform 
space all around. Blocking or wedging between bells and spigots  will not 
be permitted. Replace by one of the proper dimensions, pipe or fittings 
that do not allow sufficient space for installation of joint material. At 
the end of each work day, close open ends of pipe temporarily with wood 
blocks or bulkheads. Provide batterboards not more than 25 feet apart in 
trenches for checking and ensuring that pipe invert elevations are as 
indicated. Laser beam method may be used in lieu of batterboards for the 
same purpose. Branch connections shall be made by use of regular fittings 
or solvent cemented saddles as approved.

3.1.1.4   Connections to Existing Lines

Obtain approval from the Contracting Officer before making connection to 
existing line. Conduct work so that there is minimum interruption of 
service on existing line.

3.1.2   Special Requirements

3.1.2.1   Installation of ABS Plastic Piping

Install pipe and fittings in accordance with paragraph entitled "General 
Requirements for Installation of Pipelines" of this section and with the 
requirements of ASTM D 2321 for laying and joining pipe and fittings. Make 
joints with the gaskets specified for joints with this piping and assemble 
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in accordance with the requirements of ASTM D 2321 for assembly of joints.  
Make joints to other pipe materials in accordance with the recommendations 
of the plastic pipe manufacturer.

3.1.3   Concrete Work

Cast-in-place concrete is included in Section 32 13 13.06 CAST-IN-PLACE 
CONCRETE FOR SITE FACILITES. The pipe shall be supported on a concrete 
cradle, or encased in concrete where indicated or directed.

3.1.4   Manhole Construction

Construct base slab of cast-in-place concrete or use precast concrete base 
sections.  Make inverts in cast-in-place concrete and precast concrete 
bases with a smooth-surfaced semi-circular bottom conforming to the inside 
contour of the adjacent sewer sections. For changes in direction of the 
sewer and entering branches into the manhole, make a circular curve in the 
manhole invert of as large a radius as manhole size will permit. For 
cast-in-place concrete construction, either pour bottom slabs and walls 
integrally or key and bond walls to bottom slab. No parging will be 
permitted on interior manhole walls. For precast concrete construction, 
make joints between manhole sections with the gaskets specified for this 
purpose; install in the manner specified for installing joints in concrete 
piping. Parging will not be required for precast concrete manholes.  
Cast-in-place concrete work shall be in accordance with the requirements 
specified under paragraph entitled "Concrete Work" of this section. Make 
joints between concrete manholes and pipes entering manholes with the 
resilient connectors specified for this purpose; install in accordance with 
the recommendations of the connector manufacturer. Where a new manhole is 
constructed on an existing line, remove existing pipe as necessary to 
construct the manhole. Cut existing pipe so that pipe ends are 
approximately flush with the interior face of manhole wall, but not 
protruding into the manhole. Use resilient connectors as previously 
specified for pipe connectors to concrete manholes.

3.1.5   Miscellaneous Construction and Installation

3.1.5.1   Connecting to Existing Manholes

Pipe connections to existing manholes shall be made so that finish work 
will conform as nearly as practicable to the applicable requirements 
specified for new manholes, including all necessary concrete work, cutting, 
and shaping. The connection shall be centered on the manhole. Holes for the 
new pipe shall be of sufficient diameter to allow packing cement mortar 
around the entire periphery of the pipe but no larger than 1.5 times the 
diameter of the pipe. Cutting the manhole shall be done in a manner that 
will cause the least damage to the walls.

3.1.5.2   Metal Work

a.  Workmanship and finish: Perform metal work so that workmanship and 
finish will be equal to the best practice in modern structural 
shops and foundries. Form iron to shape and size with sharp lines 
and angles. Do shearing and punching so that clean true lines and 
surfaces are produced. Make castings sound and free from warp, 
cold shuts, and blow holes that may impair their strength or 
appearance. Give exposed surfaces a smooth finish with sharp 
well-defined lines and arises. Provide necessary rabbets, lugs, 
and brackets wherever necessary for fitting and support.
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b.  Field painting: After installation, clean cast-iron frames, 
covers, gratings, and steps not buried in concrete to bare metal 
of mortar, rust, grease, dirt, and other deleterious materials and 
apply a coat of bituminous paint. Do not paint surfaces subject to 
abrasion.

3.1.6   Installations of Wye Branches

Cutting into piping for connections shall not be done except in special 
approved cases. When the connecting pipe cannot be adequately supported on 
undisturbed earth or tamped backfill, the pipe shall be encased in concrete 
backfill or supported on a concrete cradle as directed. Concrete required 
because of conditions resulting from faulty construction methods or 
negligence by the Contractor shall be installed at no additional cost to 
the Government. The installation of wye branches in an existing sewer shall 
be made by a method which does not damage the integrity of the existing 
sewer. One acceptable method consists of removing one pipe section, 
breaking off the upper half of the bell of the next lower section and half 
of the running bell of wye section. After placing the new section, it shall 
be rotated so that the broken half of the bell will be at the bottom. The 
two joints shall then be made with joint packing and cement mortar.

3.2   FIELD QUALITY CONTROL

3.2.1   Field Tests and Inspections

The Contracting Officer will conduct field inspections and witness field 
tests specified in this section. The Contractor shall perform field tests 
and provide labor, equipment, and incidentals required for testing. Be able 
to produce evidence, when required, that each item of work has been 
constructed in accordance with the drawings and specifications.

3.2.2   Tests for Nonpressure Lines

Check each straight run of pipeline for gross deficiencies by holding a 
light in a manhole; it shall show a practically full circle of light 
through the pipeline when viewed from the adjoining end of line. When 
pressure piping is used in a nonpressure line for nonpressure use, test 
this piping as specified for nonpressure pipe.

3.2.2.1   Leakage Tests

Test lines for leakage by either infiltration tests or exfiltration tests, 
or by low-pressure air tests. Prior to testing for leakage, backfill trench 
up to at least lower half of pipe. When necessary to prevent pipeline 
movement during testing, place additional backfill around pipe sufficient 
to prevent movement, but leaving joints uncovered to permit inspection.  
When leakage or pressure drop exceeds the allowable amount specified, make 
satisfactory correction and retest pipeline section in the same manner.  
Correct visible leaks regardless of leakage test results.

a.  Infiltration tests and exfiltration tests: Perform these tests for 
sewer lines made of the specified materials, not only concrete, in 
accordance with ASTM C 969. Make calculations in accordance with 
the Appendix to ASTM C 969.

b.  Low-pressure air tests: Perform tests as follows:
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(1)  PVC plastic pipelines: Test in accordance with UBPPA UNI-B-6. 
Allowable pressure drop shall be as given in UBPPA UNI-B-6. Make 
calculations in accordance with the Appendix to UBPPA UNI-B-6.

3.2.2.2   Deflection Testing

Perform a deflection test on entire length of installed plastic pipeline on 
completion of work adjacent to and over the pipeline, including leakage 
tests, backfilling, placement of fill, grading, paving, concreting, and any 
other superimposed loads determined in accordance with ASTM D 2412.  
Deflection of pipe in the installed pipeline under external loads shall not 
exceed 4.5 percent of the average inside diameter of pipe. Determine 
whether the allowable deflection has been exceeded by use of a pull-through 
device or a deflection measuring device.

a.  Pull-through device: This device shall be a spherical, spheroidal, 
or elliptical ball, a cylinder, or circular sections fused to a 
common shaft. Circular sections shall be so spaced on the shaft 
that distance from external faces of front and back sections will 
equal or exceed diameter of the circular section.  Pull-through 
device may also be of a design promulgated by the Uni-Bell Plastic 
Pipe Association, provided the device meets the applicable 
requirements specified in this paragraph, including those for 
diameter of the device, and that the mandrel has a minimum of 9 
arms. Ball, cylinder, or circular sections shall conform to the 
following:

(1)  A diameter, or minor diameter as applicable, of 95 percent of 
the average inside diameter of the pipe; tolerance of plus 0.5 
percent will be permitted.

(2)  Homogeneous material throughout, shall have a density greater 
than 1.0 as related to water at 39.2 degrees F, and shall have a 
surface Brinell hardness of not less than 150.

(3)  Center bored and through-bolted with a 1/4 inch minimum 
diameter steel shaft having a yield strength of not less than 
70,000 psi, with eyes or loops at each end for attaching pulling 
cables.

(4)  Each eye or loop shall be suitably backed with a flange or 
heavy washer such that a pull exerted on opposite end of shaft 
will produce compression throughout remote end.

b.  Deflection measuring device: Sensitive to 1.0 percent of the 
diameter of the pipe being tested and shall be accurate to 1.0 
percent of the indicated dimension. Deflection measuring device 
shall be approved prior to use.

c.  Pull-through device procedure: Pass the pull-through device 
through each run of pipe, either by pulling it through or flushing 
it through with water. If the device fails to pass freely through 
a pipe run, replace pipe which has the excessive deflection and 
completely retest in same manner and under same conditions.

d.  Deflection measuring device procedure: Measure deflections through 
each run of installed pipe. If deflection readings in excess of 
4.5 percent of average inside diameter of pipe are obtained, 
retest pipe by a run from the opposite direction. If retest 
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continues to show a deflection in excess of 4.5 percent of average 
inside diameter of pipe, replace pipe which has excessive 
deflection and completely retest in same manner and under same 
conditions.

3.2.3   Field Tests for Concrete

Field testing requirements are covered in Section 32 13 13.06, 
CAST-IN-PLACE CONCRETE FOR SITE FACILITIES

       -- End of Section --
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SECTION 33 40 00

STORM DRAINAGE UTILITIES
02/10

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by the 
basic designation only.

AMERICAN ASSOCIATION OF STATE HIGHWAY AND TRANSPORTATION OFFICIALS 
(AASHTO)

AASHTO M 198 (2008) Standard Specification for Joints 
for Concrete Pipe, Manholes, and Precast 
Box Sections Using Preformed Flexible 
Joint Sealants

AMERICAN WATER WORKS ASSOCIATION (AWWA)

AWWA C600 (2005) Installation of Ductile-Iron Water 
Mains and Their Appurtenances

AWWA C509 (2001) Resilient-Seated Gate Valves for 
Water Supply Service

ASTM INTERNATIONAL (ASTM)

ASTM A 48/A 48M (2003; R 2008) Standard Specification for 
Gray Iron Castings

ASTM A 536 (1984; R 2009) Standard Specification for 
Ductile Iron Castings

ASTM C 1103 (2003; R 2009) Standard Practice for Joint 
Acceptance Testing of Installed Precast 
Concrete Pipe Sewer Lines

ASTM C 1433 (2008) Standard Specification for Precast 
Reinforced Concrete Box Sections for 
Culverts, Storm Drains, and Sewers

ASTM C 231 (2009a) Standard Test Method for Air 
Content of Freshly Mixed Concrete by the 
Pressure Method

ASTM C 270 (2008a) Standard Specification for Mortar 
for Unit Masonry

ASTM C 425 (2004; R 2009) Standard Specification for 
Compression Joints for Vitrified Clay Pipe 
and Fittings

ASTM C 443 (2005ae1) Standard Specification for 
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Joints for Concrete Pipe and Manholes, 
Using Rubber Gaskets

ASTM C 478 (2009) Standard Specification for Precast 
Reinforced Concrete Manhole Sections

ASTM C 877 (2008) External Sealing Bands for Concrete 
Pipe, Manholes, and Precast Box Sections

ASTM C 923 (2008) Standard Specification for 
Resilient Connectors Between Reinforced 
Concrete Manhole Structures, Pipes and 
Laterals

ASTM D 1056 (2007) Standard Specification for Flexible 
Cellular Materials - Sponge or Expanded 
Rubber

ASTM D 1171 (1999; R 2007) Rubber Deterioration - 
Surface Ozone Cracking Outdoors or Chamber 
(Triangular Specimens)

ASTM D 1557 (2009) Standard Test Methods for 
Laboratory Compaction Characteristics of 
Soil Using Modified Effort (56,000 
ft-lbf/ft3) (2700 kN-m/m3)

ASTM D 1751 (2004; R 2008) Standard Specification for 
Preformed Expansion Joint Filler for 
Concrete Paving and Structural 
Construction (Nonextruding and Resilient 
Bituminous Types)

ASTM D 1752 (2004a; R 2008) Standard Specification for 
Preformed Sponge Rubber Cork and Recycled 
PVC Expansion

ASTM D 1784 (2008) Standard Specification for Rigid 
Poly(Vinyl Chloride) (PVC) Compounds and 
Chlorinated Poly(Vinyl Chloride) (CPVC) 
Compounds

ASTM D 2167 (2008) Density and Unit Weight of Soil in 
Place by the Rubber Balloon Method

ASTM D 2321 (2009) Standard Practice for Underground 
Installation of Thermoplastic Pipe for 
Sewers and Other Gravity-Flow Applications

ASTM D 3034 (2008) Standard Specification for Type PSM 
Poly(Vinyl Chloride) (PVC) Sewer Pipe and 
Fittings

ASTM D 3212 (2007) Standard Specification for Joints 
for Drain and Sewer Plastic Pipes Using 
Flexible Elastomeric Seals

ASTM D 6938 (2008a) Standard Test Method for In-Place 
Density and Water Content of Soil and 
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Soil-Aggregate by Nuclear Methods (Shallow 
Depth)

ASTM F 1417 (1992; R 2005) Standard Test Method for 
Installation Acceptance of Plastic Gravity 
Sewer Lines Using Low Pressure Air

ASTM F 679 (2008) Poly(Vinyl Chloride) (PVC) 
Large-Diameter Plastic Gravity Sewer Pipe 
and Fittings

ASTM F 794 (2003) Standard Specification for 
Poly(Vinyl Chloride) (PVC) Profile Gravity 
Sewer Pipe and Fittings Based on 
Controlled Inside Diameter

ASTM F 949 (2010) Poly(Vinyl Chloride) (PVC) 
Corrugated Sewer Pipe with a Smooth 
Interior and Fittings

1.2   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for Contractor Quality Control 
approval.  Submit the following in accordance with Section 01 33 00 
SUBMITTAL PROCEDURES:

SD-03 Product Data

Placing Pipe

Fossil Filter Storm Drain Insert

Ball Valve

SD-07 Certificates

Resin Certification
Pipeline Testing
Hydrostatic Test on Watertight Joints
Determination of Density
Frame and Cover for Gratings

1.3   DELIVERY, STORAGE, AND HANDLING

1.3.1   Delivery and Storage

Materials delivered to site shall be inspected for damage, unloaded, and 
stored with a minimum of handling.  Materials shall not be stored directly 
on the ground.  The inside of pipes and fittings shall be kept free of dirt 
and debris.  Before, during, and after installation, plastic pipe and 
fittings shall be protected from any environment that would result in 
damage or deterioration to the material.  Keep a copy of the manufacturer's 
instructions available at the construction site at all times and follow 
these instructions unless directed otherwise by the Contracting Officer.  
Solvents, solvent compounds, lubricants, elastomeric gaskets, and any 
similar materials required to install plastic pipe shall be stored in 
accordance with the manufacturer's recommendations and shall be discarded 
if the storage period exceeds the recommended shelf life.  Solvents in use 
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shall be discarded when the recommended pot life is exceeded.

1.3.2   Handling

Materials shall be handled in a manner that ensures delivery to the trench 
in sound, undamaged condition.  Pipe shall be carried to the trench, not 
dragged.

PART 2   PRODUCTS

2.1   PIPE FOR CULVERTS AND STORM DRAINS

Pipe for culverts and storm drains shall be of the sizes indicated and 
shall conform to the requirements specified.

2.1.1   PVC Pipe

Submit the pipe manufacturer's resin certification, indicating the cell 
classification of PVC used to manufacture the pipe, prior to installation 
of the pipe.

2.1.1.1   Type PSM PVC Pipe

ASTM D 3034, Type PSM, maximum SDR 35, produced from PVC certified by the 
compounder as meeting the requirements of ASTM D 1784, minimum cell class 
12454-B.

2.1.1.2   Profile PVC Pipe

ASTM F 794, Series 46, produced from PVC certified by the compounder as 
meeting the requirements of ASTM D 1784, minimum cell class 12454-B.

2.1.1.3   Smooth Wall PVC Pipe

ASTM F 679 produced from PVC certified by the compounder as meeting the 
requirements of ASTM D 1784, minimum cell class 12454-B.

2.1.1.4   Corrugated PVC Pipe

ASTM F 949 produced from PVC certified by the compounder as meeting the 
requirements of ASTM D 1784, minimum cell class 12454-B.

2.2   DRAINAGE STRUCTURES

2.2.1   Precast Reinforced Concrete Box

Manufactured in accordance with and conforming to ASTM C 1433.

2.2.2   Pond Drain Gate Valve

Gate valve for storm water pond drain shall conform to AWWA C509, Class 
150, epoxy lined and coated, size as indicated, with handwheel operator.

2.3   MISCELLANEOUS MATERIALS

2.3.1   Concrete

Unless otherwise specified, concrete and reinforced concrete shall conform 
to the requirements for 4000 psi concrete under Section 32 16 13 CONCRETE 
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SIGEWALKS AND CURBS AND GUTTERS.  The concrete mixture shall have air 
content by volume of concrete, based on measurements made immediately after 
discharge from the mixer, of 5 to 7 percent when maximum size of coarse 
aggregate exceeds 1-1/2 inches.  Air content shall be determined in 
accordance with ASTM C 231.  The concrete covering over steel reinforcing 
shall not be less than 1 inch thick for covers and not less than 1-1/2 
inches thick for walls and flooring.  Concrete covering deposited directly 
against the ground shall have a thickness of at least 3 inches between 
steel and ground.  Expansion-joint filler material shall conform to 
ASTM D 1751, or ASTM D 1752, or shall be resin-impregnated fiberboard 
conforming to the physical requirements of ASTM D 1752.

2.3.2   Mortar

Mortar for pipe joints, connections to other drainage structures, and brick 
or block construction shall conform to ASTM C 270, Type M, except that the 
maximum placement time shall be 1 hour.  The quantity of water in the 
mixture shall be sufficient to produce a stiff workable mortar.  Water 
shall be clean and free of harmful acids, alkalies, and organic 
impurities.  The mortar shall be used within 30 minutes after the 
ingredients are mixed with water.  The inside of the joint shall be wiped 
clean and finished smooth.  The mortar head on the outside shall be 
protected from air and sun with a proper covering until satisfactorily 
cured.

2.3.3   Precast Reinforced Concrete Manholes

Conform to ASTM C 478.  Joints between precast concrete risers and tops 
shall be made with flexible watertight, rubber-type gaskets meeting the 
requirements of paragraph JOINTS.

2.3.4   Frame and Cover for Gratings

Submit certification on the ability of frame and cover or gratings to carry 
the imposed live load.  Frame and cover for gratings shall be cast gray 
iron, ASTM A 48/A 48M, Class 35B or cast ductile iron, ASTM A 536, Grade 
65-45-12.  Weight, shape, size, and waterway openings for grates and curb 
inlets shall be as indicated on the plans.  The word "Storm Sewer" shall be 
stamped or cast into covers so that it is plainly visible.

2.3.5   Fossil Filter Storm Drain Insert

Each storm drain inlet shall be equipped with a replscable filter media 
insert to remove grease, oil, and debris conveyed with the runoff from the 
first flush associated with each storm event.  Size and location of each 
filter unit shall be as shown.

2.3.6   Joints

2.3.6.1   Flexible Watertight Joints

a.  Materials:  Flexible watertight joints shall be made with plastic or 
rubber-type gaskets for concrete pipe and with factory-fabricated 
resilient materials for clay pipe.  The design of joints and the 
physical requirements for plastic gaskets shall conform to AASHTO M 198, 
and rubber-type gaskets shall conform to ASTM C 443.  
Factory-fabricated resilient joint materials shall conform to ASTM C 425.  
Gaskets shall have not more than one factory-fabricated splice, except 
that two factory-fabricated splices of the rubber-type gasket are 
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permitted if the nominal diameter of the pipe being gasketed exceeds 54 
inches.

b.  Test Requirements:  Watertight joints shall be tested and shall meet 
test requirements of paragraph HYDROSTATIC TEST ON WATERTIGHT JOINTS.  
Rubber gaskets shall comply with the oil resistant gasket requirements 
of ASTM C 443.  Certified copies of test results shall be delivered to 
the Contracting Officer before gaskets or jointing materials are 
installed.  Alternate types of watertight joint may be furnished, if 
specifically approved.

2.3.6.2   External Sealing Bands

Requirements for external sealing bands shall conform to ASTM C 877.

2.3.6.3   Flexible Watertight, Gasketed Joints

a.  Gaskets:  When infiltration or exfiltration is a concern for pipe 
lines, the couplings may be required to have gaskets.  The closed-cell 
expanded rubber gaskets shall be a continuous band approximately 7 
inches wide and approximately 3/8 inch thick, meeting the requirements 
of ASTM D 1056, Type 2 B3, and shall have a quality retention rating of 
not less than 70 percent when tested for weather resistance by ozone 
chamber exposure, Method B of ASTM D 1171.  Rubber O-ring gaskets shall 
be 13/16 inch in diameter for pipe diameters of 36 inches or smaller and
 7/8 inch in diameter for larger pipe having 1/2 inch deep end 
corrugation.  Rubber O-ring gaskets shall be 1-3/8 inches in diameter 
for pipe having 1 inch deep end corrugations.  O-rings shall meet the 
requirements of AASHTO M 198 or ASTM C 443.  Flexible plastic gaskets 
shall conform to requirements of AASHTO M 198, Type B.

b.  Connecting Bands:  Connecting bands shall be of the type, size and 
sheet thickness of band, and the size of angles, bolts, rods and lugs 
as indicated or where not indicated as specified in the applicable 
standards or specifications for the pipe.  Exterior rivet heads in the 
longitudinal seam under the connecting band shall be countersunk or the 
rivets shall be omitted and the seam welded.  Watertight joints shall 
be tested and shall meet the test requirements of paragraph HYDROSTATIC 
TEST ON WATERTIGHT JOINTS.

2.3.6.4   PVC Plastic Pipes

Joints shall be solvent cement or elastomeric gasket type in accordance 
with the specification for the pipe and as recommended by the pipe 
manufacturer.

2.4   RESILIENT CONNECTORS

Flexible, watertight connectors used for connecting pipe to manholes and 
inlets shall conform to ASTM C 923.

2.5   Drain Valve Installation

Storm water pond drain valve shall be installed in conformance with the 
applicable requirements of AWWA C600WWA Text
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2.6   HYDROSTATIC TEST ON WATERTIGHT JOINTS

2.6.1   PVC Pipe

A hydrostatic test shall be made on the watertight joint types as 
proposed.  Only one sample joint of each type needs testing; however, if 
the sample joint fails because of faulty design or workmanship, an 
additional sample joint may be tested.  During the test period, gaskets or 
other jointing material shall be protected from extreme temperatures which 
might adversely affect the performance of such materials.  Test 
requirements for joints in PVC plastic pipe shall conform to ASTM D 3212.

PART 3   EXECUTION

3.1   EXCAVATION FOR PIPE CULVERTS, STORM DRAINS, AND DRAINAGE STRUCTURES

Excavation of trenches, and for appurtenances and backfilling for culverts 
and storm drains, shall be in accordance with the applicable portions of 
Section 31 23 00.00 20 EXCAVATION AND FILL and the requirements specified 
below.

3.1.1   Trenching

The width of trenches at any point below the top of the pipe shall be not 
greater than the outside diameter of the pipe plus 8 inches to permit 
satisfactory jointing and thorough tamping of the bedding material under 
and around the pipe.  Sheeting and bracing, where required, shall be placed 
within the trench width as specified, without any overexcavation.  Where 
trench widths are exceeded, redesign with a resultant increase in cost of 
stronger pipe or special installation procedures will be necessary.  Cost 
of this redesign and increased cost of pipe or installation shall be borne 
by the Contractor without additional cost to the Government.

3.1.2   Removal of Rock

Rock in either ledge or boulder formation shall be replaced with suitable 
materials to provide a compacted earth cushion having a thickness between 
unremoved rock and the pipe of at least 8 inches or 1/2 inch for each foot 
of fill over the top of the pipe, whichever is greater, but not more than 
three-fourths the nominal diameter of the pipe.  Where bell-and-spigot pipe 
is used, the cushion shall be maintained under the bell as well as under 
the straight portion of the pipe.  Rock excavation shall be as specified 
and defined in Section 31 23 00.00 20 EXCAVATION AND FILL.

3.1.3   Removal of Unstable Material

Where wet or otherwise unstable soil incapable of properly supporting the 
pipe, as determined by the Contracting Officer, is unexpectedly encountered 
in the bottom of a trench, such material shall be removed to the depth 
required and replaced to the proper grade with select granular material, 
compacted as provided in paragraph BACKFILLING.  When removal of unstable 
material is due to the fault or neglect of the Contractor while performing 
shoring and sheeting, water removal, or other specified requirements, such 
removal and replacement shall be performed at no additional cost to the 
Government.

3.2   BEDDING

The bedding surface for the pipe shall provide a firm foundation of uniform 
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density throughout the entire length of the pipe.

3.2.1   Plastic Pipe

Bedding for PVC and PE pipe shall meet the requirements of ASTM D 2321.  
Bedding, haunching, and initial backfill shall be either Class IB or II 
material.

3.3   PLACING PIPE

Submit printed copies of the manufacturer's recommendations for 
installation procedures of the material being placed, prior to installation.

Each pipe shall be thoroughly examined before being laid; defective or 
damaged pipe shall not be used.  Plastic pipe shall be protected from 
exposure to direct sunlight prior to laying, if necessary to maintain 
adequate pipe stiffness and meet installation deflection requirements.  
Pipelines shall be laid to the grades and alignment indicated.  Proper 
facilities shall be provided for lowering sections of pipe into trenches.  
Lifting lugs in vertically elongated metal pipe shall be placed in the same 
vertical plane as the major axis of the pipe.  Pipe shall not be laid in 
water, and pipe shall not be laid when trench conditions or weather are 
unsuitable for such work.  Diversion of drainage or dewatering of trenches 
during construction shall be provided as necessary.  Deflection of 
installed flexible pipe shall not exceed the following limits:

                                                   MAXIMUM ALLOWABLE
                 TYPE OF PIPE                        DEFLECTION (%)

    
    
    
    Plastic (PVC)                                   5

Note post installation requirements of paragraph 'Deflection Testing' in 
PART 3 of this specification for all pipe products including deflection 
testing requirements for flexible pipe.

3.3.1   PVC and Ribbed PVC Pipe

Laying shall proceed upgrade with spigot ends of bell-and-spigot pipe and 
tongue ends of tongue-and-groove pipe pointing in the direction of the flow.

3.3.2   Multiple Culverts

Where multiple lines of pipe are installed, adjacent sides of pipe shall be 
at least half the nominal pipe diameter or 3 feet apart, whichever is less.

3.4   JOINTING

3.5   DRAINAGE STRUCTURES

3.5.1   Manholes and Inlets

Construction shall be of reinforced concrete, plain concrete, brick, 
precast reinforced concrete, precast concrete segmental blocks, 
prefabricated corrugated metal, or bituminous coated corrugated metal; 
complete with frames and covers or gratings; and with fixed galvanized 
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steel ladders where indicated.  Pipe studs and junction chambers of 
prefabricated corrugated metal manholes shall be fully bituminous-coated 
and paved when the connecting branch lines are so treated.  Pipe 
connections to concrete manholes and inlets shall be made with flexible, 
watertight connectors.

3.5.2   Walls and Headwalls

Construction shall be as indicated.

3.5.3   Drain Valve Installation

Storm water pond drain valve shall be installed in conformance with the 
applicable requirements of AWWA C600.

3.6   BACKFILLING

3.6.1   Backfilling Pipe in Trenches

After the pipe has been properly bedded, selected material from excavation 
or borrow, at a moisture content that will facilitate compaction, shall be 
placed along both sides of pipe in layers not exceeding 6 inches in 
compacted depth.  The backfill shall be brought up evenly on both sides of 
pipe for the full length of pipe.  The fill shall be thoroughly compacted 
under the haunches of the pipe.  Each layer shall be thoroughly compacted 
with mechanical tampers or rammers.  This method of filling and compacting 
shall continue until the fill has reached an elevation equal to the 
midpoint (spring line) of RCP or has reached an elevation of at least 12 
inches above the top of the pipe for flexible pipe.  The remainder of the 
trench shall be backfilled and compacted by spreading and rolling or 
compacted by mechanical rammers or tampers in layers not exceeding 8 inches.  
Tests for density shall be made as necessary to ensure conformance to the 
compaction requirements specified below.  Where it is necessary, in the 
opinion of the Contracting Officer, that sheeting or portions of bracing 
used be left in place, the contract will be adjusted accordingly.  
Untreated sheeting shall not be left in place beneath structures or 
pavements.

3.6.2   Backfilling Pipe in Fill Sections

For pipe placed in fill sections, backfill material and the placement and 
compaction procedures shall be as specified below.  The fill material shall 
be uniformly spread in layers longitudinally on both sides of the pipe, not 
exceeding 6 inches in compacted depth, and shall be compacted by rolling 
parallel with pipe or by mechanical tamping or ramming.  Prior to 
commencing normal filling operations, the crown width of the fill at a 
height of 12 inches above the top of the pipe shall extend a distance of 
not less than twice the outside pipe diameter on each side of the pipe or 
12 feet, whichever is less.  After the backfill has reached at least 12 
inches above the top of the pipe, the remainder of the fill shall be placed 
and thoroughly compacted in layers not exceeding 8 inches.  Use select 
granular material for this entire region of backfill for flexible pipe 
installations.

3.6.3   Movement of Construction Machinery

When compacting by rolling or operating heavy equipment parallel with the 
pipe, displacement of or injury to the pipe shall be avoided.  Movement of 
construction machinery over a culvert or storm drain at any stage of 
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construction shall be at the Contractor's risk.  Any damaged pipe shall be 
repaired or replaced.

3.6.4   Compaction

3.6.4.1   General Requirements

Cohesionless materials include gravels, gravel-sand mixtures, sands, and 
gravelly sands.  Cohesive materials include clayey and silty gravels, 
gravel-silt mixtures, clayey and silty sands, sand-clay mixtures, clays, 
silts, and very fine sands.  When results of compaction tests for 
moisture-density relations are recorded on graphs, cohesionless soils will 
show straight lines or reverse-shaped moisture-density curves, and cohesive 
soils will show normal moisture-density curves.

3.6.4.2   Minimum Density

Backfill over and around the pipe and backfill around and adjacent to 
drainage structures shall be compacted at the approved moisture content to 
the following applicable minimum density, which will be determined as 
specified below.

a.  Under airfield and heliport pavements, paved roads, streets, parking 
areas, and similar-use pavements including adjacent shoulder areas, the 
density shall be not less than 90 percent of maximum density for 
cohesive material and 95 percent of maximum density for cohesionless 
material, up to the elevation where requirements for pavement subgrade 
materials and compaction shall control.

b.  Under unpaved or turfed traffic areas, density shall not be less than 
90 percent of maximum density for cohesive material and 95 percent of 
maximum density for cohesionless material.

c.  Under nontraffic areas, density shall be not less than that of the 
surrounding material.

3.6.5   Determination of Density

Testing is the responsibility of the Contractor and performed at no 
additional cost to the Government.  Testing shall be performed by an 
approved commercial testing laboratory or by the Contractor subject to 
approval.  Tests shall be performed in sufficient number to ensure that 
specified density is being obtained.  Laboratory tests for moisture-density 
relations shall be made in accordance with ASTM D 1557 except that 
mechanical tampers may be used provided the results are correlated with 
those obtained with the specified hand tamper.  Field density tests shall 
be determined in accordance with ASTM D 2167 or ASTM D 6938.  When 
ASTM D 6938 is used, the calibration curves shall be checked and adjusted, 
if necessary, using the sand cone method as described in paragraph 
Calibration of the referenced publications.  ASTM D 6938 results in a wet 
unit weight of soil and ASTM D 6938 shall be used to determine the moisture 
content of the soil.  The calibration curves furnished with the moisture 
gauges shall be checked along with density calibration checks as described 
in ASTM D 6938.  Test results shall be furnished the Contracting Officer.  
The calibration checks of both the density and moisture gauges shall be 
made at the beginning of a job on each different type of material 
encountered and at intervals as directed.
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3.7   PIPELINE TESTING

3.7.1   Leakage Tests

Lines shall be tested for leakage by low pressure air or water testing or 
exfiltration tests, as appropriate.  Low pressure air testing for plastic 
pipe shall conform to ASTM F 1417.  Testing of individual joints for 
leakage by low pressure air or water shall conform to ASTM C 1103.  Prior 
to exfiltration tests, the trench shall be backfilled up to at least the 
lower half of the pipe.  If required, sufficient additional backfill shall 
be placed to prevent pipe movement during testing, leaving the joints 
uncovered to permit inspection.  Visible leaks encountered shall be 
corrected regardless of leakage test results.  When the water table is 2 
feet or more above the top of the pipe at the upper end of the pipeline 
section to be tested, infiltration shall be measured using a suitable weir 
or other device acceptable to the Contracting Officer.  An exfiltration 
test shall be made by filling the line to be tested with water so that a 
head of at least 2 feet is provided above both the water table and the top 
of the pipe at the upper end of the pipeline to be tested.  The filled line 
shall be allowed to stand until the pipe has reached its maximum 
absorption, but not less than 4 hours.  After absorption, the head shall be 
reestablished.  The amount of water required to maintain this water level 
during a 2-hour test period shall be measured.  Leakage as measured by the 
exfiltration test shall not exceed  250 gallons per inch in diameter per 
mile of pipeline per day or  0.2 gallons per inch in diameter per 100 feet 
of pipeline per hour.  When leakage exceeds the maximum amount specified, 
satisfactory correction shall be made and retesting accomplished.

3.7.2   Deflection Testing

No sooner than 30 days after completion of installation and final backfill, 
an initial post installation inspection shall be accomplished.  Clean or 
flush all lines prior to inspection.  Perform a deflection test on entire 
length of installed flexible pipeline on completion of work adjacent to and 
over the pipeline, including leakage tests, backfilling, placement of fill, 
grading, paving, concreting, and any other superimposed loads.  Deflection 
of pipe in the installed pipeline under external loads shall not exceed 
limits in paragraph PLACING PIPE above as percent of the average inside 
diameter of pipe.  Determine whether the allowable deflection has been 
exceeded by use of a laser profiler or mandrel.

a.  Laser Profiler Inspection:  If deflection readings in excess of the 
allowable deflection of average inside diameter of pipe are obtained, 
remove pipe which has excessive deflection, and replace with new pipe.  
Initial post installation inspections of the pipe interior with laser 
profiling equipment shall utilize low barrel distortion video equipment 
for pipe sizes 48 inches or less.  Use a camera with lighting suitable 
to allow a clear picture of the entire periphery of the pipe interior.  
Center the camera in the pipe both vertically and horizontally and be 
able to pan and tilt to a 90 degree angle with the axis of the pipe 
rotating 360 degrees.  Use equipment to move the camera through the 
pipe that will not obstruct the camera's view or interfere with proper 
documentation of the pipe's condition.  The video image shall be clear, 
focused, and relatively free from roll static or other image distortion 
qualities that would prevent the reviewer from evaluating the condition 
of the pipe.  For initial post installation inspections for pipe sizes 
larger than 48 inches, visual inspection shall be completed of the pipe 
interior.
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b.  Pull-Through Device Inspection:  Pass the pull-through device through 
each run of pipe by pulling it by hand.  If deflection readings in 
excess of the allowable deflection of average inside diameter of pipe 
are obtained, retest pipe by a run from the opposite direction.  If 
retest continues to show excess allowable deflections of the average 
inside diameter of pipe, remove pipe which has excessive deflection, 
replace with new pipe, and completely retest in same manner and under 
same conditions.  Pull-through device:  The mandrel shall be rigid, 
nonadjustable having a minimum of 9 fins, including pulling rings at 
each end, engraved with the nominal pipe size and mandrel outside 
diameter.  The mandrel shall be 5 percent less than the 
certified-actual pipe diameter for Plastic Pipe, 5 percent less than 
the certified-actual pipe diameter for Corrugated Steel and Aluminum 
Alloy, 3 percent less than the certified-actual pipe diameter for 
Concrete-Lined Corrugated Steel and Ductile Iron Culvert provided by 
manufacturer.  When mandrels are utilized to verify deflection of 
flexible pipe products, the Government will verify the mandrel OD 
through the use of proving rings that are manufactured with an opening 
that is certified to be as shown above.

c.  Deflection measuring device:  Shall be approved by the Contracting 
Officer prior to use.

d.  Warranty period test:  Pipe found to have a deflection of greater than 
allowable deflection in paragraph PLACING PIPE above, just prior to end 
of one-year warranty period shall be replaced with new pipe and tested 
as specified for leakage and deflection.  Inspect 100 percent of all 
pipe systems under the travel lanes, including curb and gutter.  Random 
inspections of the remaining pipe system outside of the travel lanes 
shall represent at least 10 percent of the total pipe footage of each 
pipe size.  Inspections shall be made, depending on the pipe size, with 
video camera or visual observations.  In addition, for flexible pipe 
installations, perform deflection testing on 100 percent of all pipes 
under the travel lanes, including curb and gutter, with either a laser 
profiler or 9-fin mandrel.  For flexible pipe, random deflection 
inspections of the pipe system outside of the travel lanes shall 
represent at least 10 percent of the total pipe footage of each pipe 
size.  When mandrels are utilized to verify deflection of flexible pipe 
products during the final post installation inspection, the Government 
will verify the mandrel OD through the use of proving rings.

3.7.3   Post-Installation Inspection

One hundred percent of all reinforced concrete pipe installations shall be 
checked for joint separations, soil migration through the joint, cracks 
greater than 0.01 inches, settlement and alignment.  One hundred percent of 
all flexible pipes (HDPE, PVC, CMP) shall be checked for rips, tears, joint 
separations, soil migration through the joint, cracks, localized bucking, 
bulges, settlement and alignment.

a.  Replace pipes having cracks greater than 0.1 inches in width or 
deflection greater than 5 percent deflection.  An engineer shall 
evaluate all pipes with cracks greater than 0.01 inches but less than 
0.10 inches to determine if any remediation or repair is required.  RCP 
with crack width less than 0.10 inches and located in a non-corrosive 
environment (pH 5.5) are generally acceptable.  Repair or replace any 
pipe with crack exhibiting displacement across the crack, exhibiting 
bulges, creases, tears, spalls, or delamination.
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b.  Reports:  The deflection results and finial post installation 
inspection report shall include:  a copy of all video taken, pipe 
location identification, equipment used for inspection, inspector name, 
deviation from design, grade, deviation from line, deflection and 
deformation of flexible pipe systems, inspector notes, condition of 
joints, condition of pipe wall (e.g. distress, cracking, wall damage 
dents, bulges, creases, tears, holes, etc.).

3.8   FIELD PAINTING

After installation, clean cast-iron frames, covers, gratings, and steps not 
buried in masonry or concrete to bare metal of mortar, rust, grease, dirt, 
and other deleterious materials and apply a coat of bituminous paint.  Do 
not paint surfaces subject to abrasion.

        -- End of Section --
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SECTION 33 71 02.00 20

UNDERGROUND ELECTRICAL DISTRIBUTION
08/08

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced. The publications are referred to within the text by the 
basic designation only.

ACI INTERNATIONAL (ACI)

ACI 318M (2008) Metric Building Code Requirements 
for Structural Concrete and Commentary

ACI SP-66 (2004) ACI Detailing Manual

AMERICAN ASSOCIATION OF STATE HIGHWAY AND TRANSPORTATION OFFICIALS 
(AASHTO)

AASHTO HB-17 (2002; Errata 2003; Errata 2005) Standard 
Specifications for Highway Bridges

AASHTO M 198 (2005) Standard Specification for Joints 
for Concrete Pipe, Manholes and Precast 
Box Sections Using Preformed Flexible 
Joint Sealants

ASSOCIATION OF EDISON ILLUMINATING COMPANIES (AEIC)

AEIC CS8 (2000) Extruded Dielectric Shielded Power 
Cables Rated 5 Through 46 kV

ASTM INTERNATIONAL (ASTM)

ASTM B 1 (2001; R 2007) Standard Specification for 
Hard-Drawn Copper Wire

ASTM B 3 (2001; R 2007) Standard Specification for 
Soft or Annealed Copper Wire

ASTM B 496 (2004) Standard Specification for Compact 
Round Concentric-Lay-Stranded Copper 
Conductors

ASTM B 8 (2004) Standard Specification for 
Concentric-Lay-Stranded Copper Conductors, 
Hard, Medium-Hard, or Soft

ASTM C 478 (2008) Standard Specification for Precast 
Reinforced Concrete Manhole Sections

ASTM C 857 (2007) Standard Practice for Minimum 
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Structural Design Loading for Underground 
Precast Concrete Utility Structures

ASTM F 512 (2006) Smooth-Wall Poly (Vinyl Chloride) 
(PVC) Conduit and Fittings for Underground 
Installation

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

IEEE C2 (2007; Errata 2007 INT 2008) National 
Electrical Safety Code

IEEE Std 100 (2000) The Authoritative Dictionary of 
IEEE Standards Terms

IEEE Std 386 (2006) Standard for Separable Insulated 
Connector Systems for Power Distribution 
Systems Above 600V

IEEE Std 400.2 (2004) Guide for Field Testing of Shielded 
Power Cable Systems Using Very Low 
Frequency (VLF)

IEEE Std 404 (2006) Extruded and Laminated Dielectric  
Shielded Cable Joints Rated 2500 V Through 
500 000 V

IEEE Std 81 (1983) Guide for Measuring Earth 
Resistivity, Ground Impedance, and Earth 
Surface Potentials of a Ground System 
(Part 1)Normal Measurements

INTERNATIONAL ELECTRICAL TESTING ASSOCIATION (NETA)

NETA ATS (2003) Acceptance Testing Specifications

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA C119.1 (2006) Sealed Insulated Underground 
Connector Systems Rated 600 Volts

NEMA RN 1 (2005) Standard for Polyvinyl Chloride 
(PVC) Externally Coated Galvanized Rigid 
Steel Conduit and Intermediate Metal 
Conduit

NEMA TC 6 & 8 (2003) Standard for Polyvinyl Chloride PVC 
Plastic Utilities Duct for Underground 
Installations

NEMA TC 9 (2004) Standard for Fittings for Polyvinyl 
Chloride (PVC) Plastic Utilities Duct for 
Underground Installation

NEMA WC 71 (1999) Standard for Nonshielded Cables 
Rated 2001-5000 Volts for use in the 
Distribution of Electric Energy

NEMA WC 74 (2006) Standard for 5-46 kV Shielded Power 
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Cable for use in the Transmission and 
Distribution of Electric Energy

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 (2007; AMD 1 2008) National Electrical 
Code - 2008 Edition

TELECOMMUNICATIONS INDUSTRY ASSOCIATION (TIA)

TIA-758-A (2004) Customer-Owned Outside Plant 
Telecommunications Cabling Standard

U.S. DEPARTMENT OF AGRICULTURE (USDA)

RUS Bull 1751F-644 (2002) Underground Plant Construction

U.S. GENERAL SERVICES ADMINISTRATION (GSA)

CID A-A-60005 (Basic; Notice 1) Frames, Covers, 
Gratings, Steps, Sump And Catch Basin, 
Manhole

UNDERWRITERS LABORATORIES (UL)

UL 1072 (2006; Rev thru Sep 2007) Medium-Voltage 
Power Cables

UL 467 (2007) Standard for Grounding and Bonding 
Equipment

UL 486A-486B (2003; Rev thru Aug 2006) Standard for 
Wire Connectors

UL 510 (2005; Rev thru Aug 2005) Polyvinyl 
Chloride, Polyethylene, and Rubber 
Insulating Tape

UL 514B (2004; Rev thru Aug 2007) Standard for 
Conduit, Tubing and Cable Fittings

UL 6 (2007) Standard for Electrical Rigid Metal 
Conduit-Steel

UL 651 (2005; R 2006 thru 2008) Standard for 
Schedule 40 and 80 Rigid PVC Conduit and 
Fittings

UL 83 (20086) Standard for 
Thermoplastic-Insulated Wires and Cables

UL 854 (2004; Rev thru Oct 2007) Service-Entrance 
Cables

1.2   DEFINITIONS

a. Unless otherwise specified or indicated, electrical and electronics 
terms used in these specifications, and on the drawings, shall be 
as defined in IEEE Std 100.
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b.  In the text of this section, the words conduit and duct are used 
interchangeably and have the same meaning.

c.  In the text of this section, "medium voltage cable splices," and 
"medium voltage cable joints" are used interchangeably and have 
the same meaning.

1.3   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for Quality Control approval.  
The following shall be submitted in accordance with Section 01 33 00 
SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Precast underground structures; G

SD-03 Product Data

Medium voltage cable; G
Medium voltage cable joints; G
Medium voltage cable terminations; G
Precast concrete structures; G
Sealing Material
Pulling-In Irons
Manhole frames and covers; G
Handhole frames and covers; G
Cable supports (racks, arms and insulators); G

The study shall be submitted with protective device equipment submittals. 
No time extension or similar contract modifications will be granted for 
work arising out of the requirements for this study. Approval of protective 
devices proposed shall be based on recommendations of the study. The 
Government shall not be held responsible for any changes toequipment, 
device ratings, settings, or additional labor for installation of equipment 
or devices ordered and or procured prior to approval of the study.

SD-06 Test Reports

Arc-proofing test for cable fireproofing materials; G
Medium voltage cable qualification and production tests; G
Field Acceptance Checks and Tests; G

Six copies of the information described below in 8-1/2 by 11 inch 
binders having a minimum of three rings from which material may 
readily be removed and replaced, including a separate section for 
each cable pull. Sections shall be separated by heavy plastic 
dividers with tabs, with all data sheets signed and dated by the 
person supervising the pull.

  a.  Site layout drawing with cable pulls numerically identified.

  b.  A list of  equipment used, with calibration certifications. 
The manufacturer and quantity of lubricant used on pull.

  c.  The cable manufacturer and type of cable.
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  d.  The dates of cable pulls, time of day, and ambient 
temperature.

  e.  The length of cable pull and calculated cable pulling 
tensions.

  f.  The actual cable pulling tensions encountered during pull.

SD-07 Certificates

Cable splicer/terminator; G
Cable Installer Qualifications; G

1.4   QUALITY ASSURANCE

1.4.1   Precast Underground Structures

Submittal required for each type used. Provide calculations and drawings 
for precast manholes and handholes bearing the seal of a registered 
professional engineer including:

a.  Material description (i.e., f'c and Fy)

b.  Manufacturer's printed assembly and installation instructions

c.  Design calculations

d.  Reinforcing shop drawingsin accordance with ACI SP-66

e.  Plans and elevations showing opening and pulling-in iron locations and 
details

1.4.2   Certificate of Competency for Cable Splicer/Terminator

Certification of the qualification of the cable splicer/terminator shall be 
submitted, for approval, 30 days before splices or terminations are to be 
made in medium voltage (5 kV to 35 kV) cables. The certification shall 
include the training, and experience of the individual on the specific type 
and classification of cable to be provided under this contract. The 
certification shall indicate that the individual has had three or more 
years recent experience splicing and terminating medium voltage cables.  
The certification shall also list a minimum of three splices/terminations 
that have been in operation for more than one year. In addition, the 
individual may be required to perform a dummy or practice 
splice/termination in the presence of the Contracting Officer, before being 
approved as a qualified cable splicer. If that additional requirement is 
imposed, the Contractor shall provide short sections of the approved types 
of cables along with the approved type of splice/termination kit, and 
detailed manufacturer's instructions for the cable to be spliced. The 
Contracting Officer reserves the right to require additional proof of 
competency or to reject the individual and call for certification of an 
alternate cable splicer.

1.4.3   Cable Installer Qualifications

Provide at least one onsite person in a supervisory position with a 
documentable level of competency and experience to supervise all cable 
pulling operations. Provide a resume showing the cable installers' 
experience in the last three years, including a list of references complete 

SECTION 33 71 02.00 20  Page 5



NASA/DFRC - FACILITIES SUPPORT CENTER, EDM-1703
FINAL SUBMITTAL

with points of contact, addresses and telephone numbers.

1.4.4   Regulatory Requirements

In each of the publications referred to herein, consider the advisory 
provisions to be mandatory, as though the word, "shall" had been 
substituted for "should" wherever it appears. Interpret references in these 
publications to the "authority having jurisdiction," or words of similar 
meaning, to mean the Contracting Officer. Equipment, materials, 
installation, and workmanship shall be in accordance with the mandatory and 
advisory provisions of NFPA 70 unless more stringent requirements are 
specified or indicated.

1.4.5   Standard Products

Provide materials and equipment that are products of manufacturers 
regularly engaged in the production of such products which are of equal 
material, design and workmanship. Products shall have been in satisfactory 
commercial or industrial use for 2 years prior to bid opening. The 2-year 
period shall include applications of equipment and materials under similar 
circumstances and of similar size. The product shall have been on sale on 
the commercial market through advertisements, manufacturers' catalogs, or 
brochures during the 2-year period. Where two or more items of the same 
class of equipment are required, these items shall be products of a single 
manufacturer; however, the component parts of the item need not be the 
products of the same manufacturer unless stated in this section.

1.4.5.1   Alternative Qualifications

Products having less than a 2-year field service record will be acceptable 
if a certified record of satisfactory field operation for not less than 
6000 hours, exclusive of the manufacturers' factory or laboratory tests, is 
furnished.

1.4.5.2   Material and Equipment Manufacturing Date

Products manufactured more than 3 years prior to date of delivery to site 
shall not be used, unless specified otherwise.

PART 2   PRODUCTS

2.1   CONDUIT, DUCTS, AND FITTINGS

2.1.1   Rigid Metal Conduit

UL 6.

2.1.1.1   Rigid Metallic Conduit, PVC Coated

NEMA RN 1, Type A40, except that hardness shall be nominal 85 Shore A 
durometer, dielectric strength shall be minimum 400 volts per mil at 60 Hz, 
and tensile strength shall be minimum 3500 psi.

2.1.2   Plastic Conduit for Direct Burial

UL 651, Schedule 80 and EPC-80-PVC.
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2.1.3   Plastic Duct for Concrete Encasement

NEMA TC 6 & 8 and ASTM F 512, UL 651, EPC-40-PVC. 

2.1.4   Conduit Sealing Compound

Compounds for sealing ducts and conduit shall have a putty-like consistency 
workable with the hands at temperatures as low as 35 degrees F, shall 
neither slump at a temperature of 300 degrees F, nor harden materially when 
exposed to the air. Compounds shall adhere to clean surfaces of fiber or 
plastic ducts; metallic conduits or conduit coatings; concrete, masonry, or 
lead; any cable sheaths, jackets, covers, or insulation materials; and the 
common metals. Compounds shall form a seal without dissolving, noticeably 
changing characteristics, or removing any of the ingredients. Compounds 
shall have no injurious effect upon the hands of workmen or upon materials. 
Inflatable bladders may be used as an option.

2.1.5   Fittings

2.1.5.1   Metal Fittings

UL 514B.

2.1.5.2   PVC Conduit Fittings

UL 514B and UL 651.

2.1.5.3   PVC Duct Fittings

NEMA TC 9.

2.2   LOW VOLTAGE INSULATED CONDUCTORS AND CABLES

Insulated conductors shall be rated 600 volts and conform to the 
requirements of NFPA 70, including listing requirements. Wires and cables 
manufactured more than 24 months prior to date of delivery to the site 
shall not be accepted. Service entrance conductors shall conform to UL 854, 
type USE.

2.2.1   Conductor Types

Cable and duct sizes indicated are for copper conductors and THHN/THWN 
unless otherwise noted. Conductors No. 10 AWG and smaller shall be solid 
copper. Conductors No. 8 AWG and larger shall be stranded copper. All 
conductors shall be copper.

2.2.2   Conductor Material

Unless specified or indicated otherwise or required by NFPA 70, wires in 
conduit, other than service entrance, shall be 600-volt, Type THWN/THHN 
conforming to UL 83 or Type XHHW. Copper conductors shall be annealed 
copper complying with ASTM B3 and ASTM B8.  

2.2.3   Jackets

Multiconductor cables shall have an overall PVC outer jacket.
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2.2.4   In Duct

Cables shall be single-conductor cable.

2.2.5   Cable Marking

Insulated conductors shall have the date of manufacture and other 
identification imprinted on the outer surface of each cable at regular 
intervals throughout the cable length. 

Each cable shall be identified by means of a fiber, laminated plastic, or 
non-ferrous metal tags, or approved equal, in each manhole, handhole, 
junction box, and each terminal. Each tag shall contain the following 
information; cable type, conductor size, circuit number, circuit voltage, 
cable destination and phase identification.

Conductors shall be color coded. Conductor identification shall be provided 
within each enclosure where a tap, splice, or termination is made.  
Conductor identification shall be by color-coded insulated conductors, 
plastic-coated self-sticking printed markers, colored nylon cable ties and 
plates, heat shrink type sleeves,or colored electrical tape. Control 
circuit terminations shall be properly identified. Color shall be green for 
grounding conductors and white for neutrals; except where neutrals of more 
than one system are installed in same raceway or box, other neutrals shall 
be white with a different colored (not green) stripe for each.  Color of 
ungrounded conductors in different voltage systems shall be as follows

a.  208/120 volt, three-phase

(1)  Phase A - black

(2)  Phase B - red

(3)  Phase C - blue

b.  480/277 volt, three-phase

(1)  Phase A - brown

(2)  Phase B - orange

(3)  Phase C - yellow

2.3   LOW VOLTAGE WIRE CONNECTORS AND TERMINALS

Shall provide a uniform compression over the entire conductor contact 
surface.  Use solderless terminal lugs on stranded conductors.

a.  For use with copper conductors:  UL 486A-486B.
b.  For use with aluminum conductors:  UL 486A-486B. For connecting 

aluminum to copper, connectors shall be the circumferentially 
compressed, metallurgically bonded type.

2.4   LOW VOLTAGE SPLICES

Provide splices in conductors with a compression connector on the conductor 
and by insulating and waterproofing using one of the following methods 
which are suitable for continuous submersion in water and comply NEMA C119.1.
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2.4.1   Heat Shrinkable Splice

Provide heat shrinkable splice insulation by means of a thermoplastic 
adhesive sealant material which shall be applied in accordance with the 
manufacturer's written instructions.

2.4.2   Cold Shrink Rubber Splice

Provide a cold-shrink rubber splice which consists of EPDM rubber tube 
which has been factory stretched onto a spiraled core which is removed 
during splice installation. The installation shall not require heat or 
flame, or any additional materials such as covering or adhesive. It shall 
be designed for use with inline compression type connectors, or indoor, 
outdoor, direct-burial or submerged locations.

2.5   MEDIUM VOLTAGE CABLE

Cable (conductor) sizes are designated by American Wire Gauge (AWG) and 
Thousand Circular Mils (Kcmil). Conductor and conduit sizes indicated are 
for copper conductors unless otherwise noted. Insulated conductors shall 
have the date of manufacture and other identification imprinted on the 
outer surface of each cable at regular intervals throughout cable length.  
Wires and cables manufactured more than 6 months prior to date of delivery 
to the site shall not be accepted. Provide single conductor type cables 
unless otherwise indicated.

2.5.1   Cable Configuration

Provide Type MV cable, conforming to NEMA WC 74 and UL 1072. Provide cables 
manufactured for use in duct applications. Cable shall be rated 15 kV with 
133 percent insulation level.

2.5.2   Conductor Material

Provide concentric-lay-stranded, Class B conductors. Provide soft drawn 
copper cables complying with ASTM B 3 and ASTM B 8 for regular concentric 
and compressed stranding or ASTM B 496 for compact stranding.

2.5.3   Insulation

Provide ethylene-propylene-rubber (EPR) insulation conforming to the 
requirements of NEMA WC 71 and AEIC CS8.

2.5.4   Shielding

Cables rated for 2 kV and above shall have a semiconducting conductor 
shield, a semiconducting insulation shield, and an overall copper tape 
shield for each phase. Shielding shall have 25% tape overlap, for complete 
bend radius coverage.

2.5.5   Jackets

Cables shall be provided with a PVC jacket. Provide PVC jackets with a 
separator that prevents contact when underlying semiconducting insulating 
shield.
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2.6   MEDIUM VOLTAGE CABLE TERMINATIONS

2.6.1   Cold-Shrink Type

Terminator shall be a one-piece design, utilizing the manufacturer's latest 
technology, where high-dielectric constant (capacitive) stress control is 
integrated within a skirted insulator made of silicone rubber. Termination 
shall not require heat or flame for installation. Termination kit shall 
contain all necessary materials (except for the lugs). Termination shall be 
designed for installation in low or highly contaminated indoor and outdoor 
locations and shall resist ultraviolet rays and oxidative decomposition.

2.6.2   Heat Shrinkable Type

Terminator shall consist of a uniform cross section heat shrinkable 
polymeric construction stress relief tubing and environmentally sealed 
outer covering that is nontracking, resists heavy atmospheric contaminants, 
ultra violet rays and oxidative decomposition. Provide heat shrinkable 
sheds or skirts of the same material. Termination shall be designed for 
installation in low or highly contaminated indoor or outdoor locations.

2.6.3   Separable Insulated Connector Type

IEEE Std 386. Provide connector with steel reinforced hook-stick eye, 
grounding eye, test point, and arc-quenching contact material. Provide 
connectors of the loadbreak or deadbreak type as indicated, of suitable 
construction for the application and the type of cable connected, and that 
include cable shield adaptors. Provide external clamping points and test 
points.

a.  200 Ampere loadbreak connector ratings: Voltage: 15 kV, 95 kV BIL. 
Short time rating: 10,000 rms symmetrical amperes.

2.7   MEDIUM VOLTAGE CABLE JOINTS

Provide joints (splices) in accordance with IEEE Std 404 suitable for the 
rated voltage, insulation level, insulation type, and construction of the 
cable. Joints shall be certified by the manufacturer for waterproof, 
submersible applications. Upon request, supply manufacturer's design 
qualification test report in accordance with IEEE Std 404. Connectors for 
joint shall be tin-plated electrolytic copper, having ends tapered and 
having center stops to equalize cable insertion.

2.7.1   Heat-Shrinkable Joint

Consists of a uniform cross-section heat-shrinkable polymeric construction 
with a linear stress relief system, a high dielectric strength insulating 
material, and an integrally bonded outer conductor layer for shielding.  
Replace original cable jacket with a heavy-wall heat-shrinkable sleeve with 
hot-melt adhesive coating.

2.7.2   Cold-Shrink Rubber-Type Joint

Joint shall be of a cold shrink design that does not require any heat 
source for its installation. Splice insulation and jacket shall be of a 
one-piece factory formed cold shrink sleeve made of black EPDM rubber.  
Splice shall be packaged three splices per kit, including complete 
installation instructions.
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2.8   TAPE

2.8.1   Insulating Tape

UL 510, plastic insulating tape, capable of performing in a continuous 
temperature environment of 80 degrees C.

2.8.2   Buried Warning and Identification Tape

Provide detectable tape in accordance with Section 31 23 00.00 20 
EXCAVATION AND FILL.

2.8.3   Fireproofing Tape

Provide tape composed of a flexible conformable unsupported intumescent 
elastomer. Tape shall be not less than .030 inch thick, noncorrosive to 
cable sheath, self-extinguishing, noncombustible, and shall not deteriorate 
when subjected to oil, water, gases, salt water, sewage, and fungus.

2.9   PULL ROPE

Shall be plastic or flat pull line (bull line) having a minimum tensile 
strength of 200 pounds.

2.10   GROUNDING AND BONDING

2.10.1   Driven Ground Rods

Provide copper-clad steel ground rods conforming to UL 467 not less than  
3/4 inch in diameter by 10 feet in length. Sectional type rods may be used 
for rods 20 feet or longer.

2.10.2   Grounding Conductors

Stranded-bare copper conductors shall conform to ASTM B 8, Class B, 
soft-drawn unless otherwise indicated. Solid-bare copper conductors shall 
conform to ASTM B 1 for sizes No. 8 and smaller. Insulated conductors shall 
be of the same material as phase conductors and green color-coded, except 
that conductors shall be rated no more than 600 volts. Aluminum is not 
acceptable.  

2.11   UNDERGROUND STRUCTURES

Provide precast concrete underground structures or standard type 
cast-in-place manhole types as indicated, conforming to ASTM C 857 and  
ASTM C 478. Top, walls, and bottom shall consist of reinforced concrete.  
Walls and bottom shall be of monolithic concrete construction. Locate duct 
entrances and windows near the corners of structures to facilitate cable 
racking. Covers shall fit the frames without undue play. Form steel and 
iron to shape and size with sharp lines and angles. Castings shall be free 
from warp and blow holes that may impair strength or appearance. Exposed 
metal shall have a smooth finish and sharp lines and arises. Provide 
necessary lugs, rabbets, and brackets. Set pulling-in irons and other 
built-in items in place before depositing concrete. Install a pulling-in 
iron in the wall opposite each duct line entrance. Cable racks, including 
rack arms and insulators, shall be adequate to accommodate the cable.
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2.11.1   Precast Concrete Structures, Risers and Tops

In lieu of cast-in-place, Contractors shall provide precast concrete 
underground structures subject to the requirements specified below.  
Precast units shall be the product of a manufacturer regularly engaged in 
the manufacture of precast concrete products, including precast manholes.

2.11.1.1   General

Precast concrete structures shall have the same accessories and facilities 
as required for cast-in-place structures. Likewise, precast structures 
shall have plan area and clear heights not less than those of cast-in-place 
structures. Concrete materials and methods of construction shall be the 
same as for cast-in-place concrete construction, as modified herein. Slope 
in floor may be omitted provided precast sections are poured in reinforced 
steel forms. Concrete for precast work shall have a 28-day compressive 
strength of not less than 4000 psi. Structures may be precast to the design 
and details indicated for cast-in-place construction, precast 
monolithically and placed as a unit, or structures may be assembled 
sections, designed and produced by the manufacturer in accordance with the 
requirements specified. Structures shall be identified with the 
manufacturer's name embedded in or otherwise permanently attached to an 
interior wall face.

2.11.1.2   Design for Precast Structures

ACI 318M.  In the absence of detailed on-site soil information, design for 
the following soil parameters/site conditions:

a.  Angle of Internal Friction (phi) = 30 degrees

b.  Unit Weight of Soil (Dry) = 110 pcf, (Saturated)
= 130 pcf

c.  Coefficient of Lateral Earth Pressure (Ka) = 0.33

d.  Ground Water Level = 3 feet below ground elevation

e.  Vertical design loads shall include full dead, superimposed dead, and 
live loads including a 30 percent magnification factor for impact.  
Live loads shall consider all types and magnitudes of vehicular 
(automotive, industrial, or aircraft) traffic to be encountered. The 
minimum design vertical load shall be for H20 highway loading per 
AASHTO HB-17.

f.  Horizontal design loads shall include full geostatic and hydrostatic 
pressures for the soil parameters, water table, and depth of 
installation to be encountered. Also, horizontal loads imposed by 
adjacent structure foundations, and horizontal load components of 
vertical design loads, including impact, shall be considered, along 
with a pulling-in iron design load of 6000 pounds.

g.  Each structural component shall be designed for the load combination 
and positioning resulting in the maximum shear and moment for that 
particular component.

h.  Design shall also consider the live loads induced in the handling, 
installation, and backfilling of the manholes. Provide lifting devices 
to ensure structural integrity during handling and installation.
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2.11.1.3   Construction

Structure top, bottom, and wall shall be of a uniform thickness of not less 
than 6 inches. Thin-walled knock-out panels for designed or future duct 
bank entrances shall not be permitted. Quantity, size, and location of duct 
bank entrance windows shall be as directed, and cast completely open by the 
precaster. Size of windows shall exceed the nominal duct bank envelope 
dimensions by at least 12 inches vertically and horizontally to preclude 
in-field window modifications made necessary by duct bank misalignment.  
However, the sides of precast windows shall be a minimum of 6 inches from 
the inside surface of adjacent walls, floors, or ceilings. Form the 
perimeter of precast window openings to have a keyed or inward flared 
surface to provide a positive interlock with the mating duct bank envelope. 
Provide welded wire fabric reinforcing through window openings for in-field 
cutting and flaring into duct bank envelopes. Provide additional 
reinforcing steel comprised of at least two No. 4 bars around window 
openings. Provide drain sumps a minimum of 12 inches in diameter and 4 
inches deep for precast structures.

2.11.1.4   Joints

Provide tongue-and-groove joints on mating edges of precast components.  
Shiplap joints are not allowed. Design joints to firmly interlock adjoining 
components and to provide waterproof junctions and adequate shear transfer. 
Seal joints watertight using preformed plastic strip conforming to 
AASHTO M 198, Type B. Install sealing material in strict accordance with 
the sealant manufacturer's printed instructions. Provide waterproofing at 
conduit/duct entrances into structures, and where access frame meets the 
top slab, provide continuous grout seal.

2.11.2   Manhole Frames and Covers

Provide cast iron frames and covers for manholes conforming to CID A-A-60005. 
Cast the words "ELECTRIC" or "TELECOMMUNICATIONS" in the top face of power 
and telecommunications manhole covers, respectively.

2.11.3   Handhole Frames and Covers

Frames and covers of steel shall be welded by qualified welders in 
accordance with standard commercial practice. Steel covers shall be 
rolled-steel floor plate having an approved antislip surface. Hinges shall 
be of wrought steel, 5 by 5 inches by approximately 3/16 inch thick, 
without screw holes, and shall be for full surface application by fillet 
welding. Hinges shall have nonremovable pins and five knuckles. The 
surfaces of plates under hinges shall be true after the removal of raised 
antislip surface, by grinding or other approved method.

2.12   CABLE SUPPORTS (RACKS, ARMS, AND INSULATORS)

The metal portion of racks and arms shall be zinc-coated after fabrication.

2.12.1   Cable Racks

The wall bracket shall be 4 inches by approximately 1-1/2 inch by 3/16 inch 
channel steel, 48 inches long (minimum) in manholes. Slots for mounting 
cable rack arms shall be spaced at 8 inch intervals.
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2.12.2   Rack Arms

Cable rack arms shall be steel or malleable iron or glass reinforced nylon 
and shall be of the removable type. Rack arm length shall be a minimum of 8 
inches and a maximum of 12 inches.

2.12.3   Insulators

Insulators for metal rack arms shall be dry-process glazed porcelain.  
Insulators are not required for nylon arms.

2.13   CABLE TAGS IN MANHOLES

Provide tags for each power cable located in manholes. The tags shall be 
polyethylene. Do not provide handwritten letters. The first position on the 
power cable tag shall denote the voltage. The second through sixth 
positions on the tag shall identify the circuit. he next to last position 
shall denote the phase of the circuit and shall include the Greek "phi" 
symbol. The last position shall denote the cable size. As an example, a tag 
could have the following designation: "11.5 NAS 1-8(Phase A)500," denoting 
that the tagged cable is on the 11.5kV system circuit number NAS 1-8, 
underground, Phase A, sized at 500 kcmil.

2.13.1   Polyethylene Cable Tags

Provide tags of polyethylene that have an average tensile strength of 3250 
pounds per square inch; and that are 0.08 inch thick (minimum), 
non-corrosive non-conductive; resistive to acids, alkalis, organic 
solvents, and salt water; and distortion resistant to 170 degrees F.  
Provide 0.05 inch (minimum) thick black polyethylene tag holder. Provide a 
one-piece nylon, self-locking tie at each end of the cable tag. Ties shall 
have a minimum loop tensile strength of 175 pounds. The cable tags shall 
have black block letters, numbers, and symbols one inch high on a yellow 
background. Letters, numbers, and symbols shall not fall off or change 
positions regardless of the cable tags' orientation.

2.14   SOURCE QUALITY CONTROL

2.14.1   Arc-Proofing Test for Cable Fireproofing Tape

Manufacturer shall test one sample assembly consisting of a straight lead 
tube 12 inches long with a 2 1/2 inch outside diameter, and a 1/8 inch 
thick wall, and covered with one-half lap layer of arc and fireproofing 
material per manufacturer's instructions. The arc and fireproofing tape 
shall withstand extreme temperature of a high-current fault arc 13,000 
degrees K for 70 cycles as determined by using an argon directed plasma jet 
capable of constantly producing and maintaining an arc temperature of 
13,000 degrees K. Temperature (13,000 degrees K) of the ignited arc between 
the cathode and anode shall be obtained from a dc power source of 305 (plus 
or minus 5) amperes and 20 (plus or minus 1) volts. The arc shall be 
directed toward the sample assembly accurately positioned 5 (plus or minus 
1) millimeters downstream in the plasma from the anode orifice by fixed 
flow rate of argon gas (0.18 g per second). Each sample assembly shall be 
tested at three unrelated points. Start time for tests shall be taken from 
recorded peak current when the specimen is exposed to the full test 
temperature. Surface heat on the specimen prior to that time shall be 
minimal. The end point is established when the plasma or conductive arc 
penetrates the protective tape and strikes the lead tube. Submittals for 
arc-proofing tape shall indicate that the test has been performed and 
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passed by the manufacturer.

2.14.2   Medium Voltage Cable Qualification and Production Tests

Results of AEIC CS8 qualification and production tests as applicable for 
each type of medium voltage cable.

PART 3   EXECUTION

3.1   INSTALLATION

Install equipment and devices in accordance with the manufacturer's 
published instructions and with the requirements and recommendations of 
NFPA 70 and IEEE C2 and CALPUC G.O.128 as applicable. In addition to these 
requirements, install telecommunications in accordance with TIA-758-A and 
RUS Bull 1751F-644.

3.2   CABLE INSPECTION

Prior to installation, each cable reel shall be inspected for correct 
storage positions, signs of physical damage, and broken end seals. If end 
seal is broken, moisture shall be removed from cable prior to installation 
in accordance with the cable manufacturer's recommendations.

3.3   CABLE INSPECTION PLAN AND PROCEDURE

The Contractor shall obtain from the manufacturer an installation manual or 
set of instructions which addresses such aspects as cable construction, 
insulation type, cable diameter, bending radius, cable temperature limits 
for installation, lubricants, coefficient of friction, conduit cleaning, 
storage procedures, moisture seals, testing for and purging moisture, 
maximum allowable pulling tension, and maximum allowable sidewall bearing 
pressure. The Contractor shall then perform pulling calculations and 
prepare a pulling plan which shall be submitted along with the 
manufacturers instructions in accordance with SUBMITTALS. Cable shall be 
installed strictly in accordance with the cable manufacturer's 
recommendations and the approved installation plan.

      Calculation and pulling plan shall include:

a.   Site layout drawing with cable pulls identified in numeric 
order of expected pulling sequence and direction of cable pull.

b.   List of cable installtion equipment.

c.   Lubricant manufacturer's application instructions.

d.   Procedure for resealing cable ends to prevent moisture from 
entering cable.

e.   Cable pulling tension calculations of all cable pulls.

f.   Cable percentage conduit fill.

g.   Cable sidewall bearing pressure.

   h.   Cable minimum bend radius and maximum diameter of pulling 
wheels used.
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i.   Cable jam radio.

j.   Maximum allowable pulling tension on each different type and 
size of conductor.

k.   Maximum allowable pulling tension on pulling device.

3.4   UNDERGROUND FEEDERS SUPPLYING BUILDINGS

Terminate underground feeders supplying building at a point 5 feet outside 
the building and projections thereof, except that conductors shall be 
continuous to the terminating point indicated. Coordinate connections of 
the feeders to the service entrance equipment with Section 26 20 00 
INTERIOR DISTRIBUTION SYSTEM. Conduit shall be PVC, Type EPC-40 from the 
supply equipment to a point 5 feet outside the building and projections 
thereof. Protect ends of underground conduit with plastic plugs until 
connections are made.

Encase the underground portion of the conduit in a concrete envelope and 
bury as specified for underground duct with concrete encasement.

3.5   UNDERGROUND STRUCTURE CONSTRUCTION

Provide standard type pre-cast construction as specified herein.

3.5.1   Precast Concrete Construction

Set commercial precast structures on 6 inches of level, 90 percent 
compacted granular fill, 3/4 inch to 1 inch size, extending 12 inches 
beyond the structure on each side. Compact granular fill by a minimum of 
four passes with a plate type vibrator. Installation shall additionally 
conform to the manufacturer's instructions.

3.5.2   Pulling-In Irons

Provide steel bars bent as indicated, and cast in the walls and floors.  
Alternatively, pipe sleeves may be precast into the walls and floors where 
required to accept U-bolts or other types of pulling-in devices possessing 
the strengths and clearances stated herein. The final installation of 
pulling-in devices shall be made permanent. Cover and seal exterior 
projections of thru-wall type pulling-in devices with an appropriate 
protective coating. In the floor the irons shall be a minimum of 6 inches 
from the edge of the sump, and in the walls the irons shall be located 
within 6 inches of the projected center of the duct bank pattern or precast 
window in the opposite wall. However, the pulling-in iron shall not be 
located within 6 inches of an adjacent interior surface, or duct or precast 
window located within the same wall as the iron. If a pulling-in iron 
cannot be located directly opposite the corresponding duct bank or precast 
window due to this clearance limitation, locate the iron directly above or 
below the projected center of the duct bank pattern or precast window the 
minimum distance required to preserve the 6 inch clearance previously 
stated. In the case of directly opposing precast windows, pulling-in irons 
consisting of a 3 foot length of No. 5 reinforcing bar, formed into a 
hairpin, may be cast-in-place within the precast windows simultaneously 
with the end of the corresponding duct bank envelope. Irons installed in 
this manner shall be positioned directly in line with, or when not 
possible, directly above or below the projected center of the duct bank 
pattern entering the opposite wall, while maintaining a minimum clear 
distance of 3 inches from any edge of the cast-in-place duct bank envelope 
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or any individual duct. Pulling-in irons shall have a clear projection into 
the structure of approximately 4 inches and shall be designed to withstand 
a minimum pulling-in load of 6000 pounds. Irons shall be hot-dipped 
galvanized after fabrication.

3.5.3   Cable Racks, Arms and Insulators

Cable racks, arms and insulators shall be sufficient to accommodate the 
cables. Racks in power manholes shall be spaced not more than 3 feet apart, 
and each manhole wall shall be provided with a minimum of two racks. Racks 
in signal manholes shall be spaced not more than 16 1/2 inches apart with 
the end rack being no further than 12 inches from the adjacent wall.  
Methods of anchoring cable racks shall be as follows:

a.  Provide a 5/8 inch diameter by 5 inch long anchor bolt with 3 inch foot 
cast in structure wall with 2 inch protrusion of threaded portion of 
bolt into structure. Provide 5/8 inch steel square head nut on each 
anchor bolt. Coat threads of anchor bolts with suitable coating 
immediately prior to installing nuts.

b.  Provide concrete channel insert with a minimum load rating of 800 
pounds per foot. Insert channel shall be steel of the same length as 
"vertical rack channel;" channel insert shall be cast flush in 
structure wall. Provide 5/8 inch steel nuts in channel insert to receive
5/8 inch diameter by 3 inch long steel, square head anchor bolts.

c.  Provide concrete "spot insert" at each anchor bolt location, cast flush 
in structure wall. Each insert shall have minimum 800 pound load 
rating. Provide 5/8 inch diameter by 3 inch long steel, square head 
anchor bolt at each anchor point. Coat threads of anchor bolts with 
suitable coating immediately prior to installing bolts.

3.5.4   Field Painting

Cast-iron frames and covers not buried in concrete or masonry shall be 
cleaned of mortar, rust, grease, dirt and other deleterious materials, and 
given a coat of bituminous paint.

3.6   UNDERGROUND CONDUIT AND DUCT SYSTEMS

3.6.1   Requirements

Depths to top of the conduit shall be in accordance with NFPA 70. Run 
conduit in straight lines except where a change of direction is necessary. 
Numbers and sizes of ducts shall be as indicated. Ducts shall have a 
continuous slope downward toward underground structures and away from 
buildings, laid with a minimum slope of 3 inches per 100 feet. Depending on 
the contour of the finished grade, the high-point may be at a terminal, a 
manhole, a handhole, or between manholes or handholes. Short-radius 
manufactured 90-degree duct bends may be used only for pole or equipment 
risers, unless specifically indicated as acceptable. The minimum 
manufactured bend radius shall be 18 inches for ducts of less than 3 inch 
diameter, and 36 inches for ducts 3 inches or greater in diameter.  
Otherwise, long sweep bends having a minimum radius of 25 feet shall be 
used for a change of direction of more than 5 degrees, either horizontally 
or vertically. Both curved and straight sections may be used to form long 
sweep bends, but the maximum curve used shall be 30 degrees and 
manufactured bends shall be used. Ducts shall be provided with end bells 
whenever duct lines terminate in structures.
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3.6.2   Treatment

Ducts shall be kept clean of concrete, dirt, or foreign substances during 
construction. Field cuts requiring tapers shall be made with proper tools 
and match factory tapers. A coupling recommended by the duct manufacturer 
shall be used whenever an existing duct is connected to a duct of different 
material or shape. Ducts shall be stored to avoid warping and deterioration 
with ends sufficiently plugged to prevent entry of any water or solid 
substances. Ducts shall be thoroughly cleaned before being laid. Plastic 
ducts shall be stored on a flat surface and protected from the direct rays 
of the sun.

3.6.3   Conduit Cleaning

As each conduit run is completed, for conduit sizes 3 inches and larger, 
draw a flexible testing mandrel approximately 12 inches long with a 
diameter less than the inside diameter of the conduit through the conduit.  
After which, draw a stiff bristle brush through until conduit is clear of 
particles of earth, sand and gravel; then immediately install conduit 
plugs. For conduit sizes less than 3 inches, draw a stiff bristle brush 
through until conduit is clear of particles of earth, sand and gravel; then 
immediately install conduit plugs.

3.6.4   Jacketing and Drilling Under Roads and Structures

Conduits to be installed under existing paved areas which are not to be 
disturbed, and under roads shall be zinc-coated, rigid steel, jacked into 
place. Where ducts are jacked under existing pavement,rigid steel conduit 
will be installed because of its strength. To protect the 
corrosion-resistant conduit coating, predrilling or installing conduit 
inside a larger iron pipe sleeve (jack-and-sleeve) is required. For 
crossings of existing roads and airfield pavements greater than 50 feet in 
length, the predrilling method or the jack-and-sleeve method will be used. 
Separators or spacing blocks shall be made of steel, concrete, plastic or a 
combination of these materials placed not farther apart than 4 feet on 
centers.

3.6.5   Galvanized Conduit

Galvanized conduits which penetrate concrete (slabs, pavement, and walls) 
in wet locations shall be PVC coated and shall extend from at least 2 
inches within the concrete to the first coupling or fitting outside the 
concrete (minimum of 6 inches from penetration).

3.6.6   Multiple Conduits

Separate multiple conduits by a minimum distance of 2 1/2 inches, except 
that light and power conduits shall be separated from control, signal, and 
telephone conduits by a minimum distance of 12 inches. Stagger the joints 
of the conduits by rows (horizontally) and layers (vertically) to 
strengthen the conduit assembly. Provide plastic duct spacers that 
interlock vertically and horizontally. Spacer assembly shall consist of 
base spacers, intermediate spacers, ties, and locking device on top to 
provide a completely enclosed and locked-in conduit assembly. Install 
spacers per manufacturer's instructions, but provide a minimum of two 
spacer assemblies per 10 feet of conduit assembly.
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3.6.7   Conduit Plugs and Pull Rope

New conduit indicated as being unused or empty shall be provided with plugs 
on each end. Plugs shall contain a weephole or screen to allow water 
drainage. Provide a plastic pull rope having 3 feet of slack at each end of 
unused or empty conduits.

3.6.8   Conduit and Duct Without Concrete Encasement

Provide not less than 3 inches clearance from the conduit to each side of 
the trench. Grade bottom of trench smooth; where rock, soft spots, or 
sharp-edged materials are encountered, excavate the bottom for an additional
3 inches, fill and tamp level with original bottom with sand or earth free 
from particles, that would be retained on a 1/4 inch sieve. The first 6 inch
layer of backfill cover shall be sand compacted as previously specified.  
The rest of the excavation shall be backfilled and compacted in 3 to 6 inch 
layers. Provide color, type and depth of warning tape as specified in 
Section 31 23 00.00 20 EXCAVATION AND FILL.

3.6.8.1   Encasement Under Roads and Structures

Under roads and paved areas and install conduits in concrete encasement of 
rectangular cross-section providing a minimum of 3 inch concrete cover 
around ducts. Concrete encasement shall extend at least 5 feet beyond the 
edges of paved areas and roads. 

3.6.9   Duct Encased in Concrete

Construct underground duct lines of individual conduits encased in 
concrete. Do not mix different kinds of conduit in any one duct bank.    
Concrete encasement surrounding the bank shall be rectangular in 
cross-section and shall provide at least 3 inches of concrete cover for 
ducts. Separate conduits by a minimum concrete thickness of 2 1/2 inches, 
except separate light and power conduits from control, signal, and 
telecommunications conduits by a minimum concrete thickness of 3 inches.   
Before pouring concrete, anchor duct bank assemblies to prevent the 
assemblies from floating during concrete pouring. Anchoring shall be done 
by driving reinforcing rods adjacent to duct spacer assemblies and 
attaching the rods to the spacer assembly. Provide color, type and depth of 
warning tape as specified in Section 31 23 00.00 20 EXCAVATION AND BACKFILL.

3.6.9.1   Connections to Manholes

Duct bank envelopes connecting to underground structures shall be flared to 
have enlarged cross-section at the manhole entrance to provide additional 
shear strength. Dimensions of the flared cross-section shall be larger than 
the corresponding manhole opening dimensions by no less than 12 inches in 
each direction. Perimeter of the duct bank opening in the underground 
structure shall be flared toward the inside or keyed to provide a positive 
interlock between the duct bank and the wall of the structure. Use 
vibrators when this portion of the encasement is poured to assure a seal 
between the envelope and the wall of the structure.

3.6.9.2   Connections to Existing Underground Structures

For duct bank connections to existing structures, break the structure wall 
out to the dimensions required and preserve steel in the structure wall. 
Cut steel and extend into the duct bank envelope. Chip the perimeter 
surface of the duct bank opening to form a key or flared surface, providing 
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a positive connection with the duct bank envelope.

3.6.9.3   Connections to Existing Concrete Pads

For duct bank connections to concrete pads, break an opening in the pad out 
to the dimensions required and preserve steel in pad. Cut the steel and 
extend into the duct bank envelope. Chip out the opening in the pad to form 
a key for the duct bank envelope.

3.6.9.4   Connections to Existing Ducts

Where connections to existing duct banks are indicated, excavate the banks 
to the maximum depth necessary. Cut off the banks and remove loose concrete 
from the conduits before new concrete-encased ducts are installed. Provide 
a reinforced concrete collar, poured monolithically with the new duct bank, 
to take the shear at the joint of the duct banks. Remove existing cables 
which constitute interference with the work.

3.6.9.5   Partially Completed Duct Banks

During construction wherever a construction joint is necessary in a duct 
bank, prevent debris such as mud, and, and dirt from entering ducts by 
providing suitable conduit plugs. Fit concrete envelope of a partially 
completed duct bank with reinforcing steel extending a minimum of 2 feet 
back into the envelope and a minimum of 2 feet beyond the end of the 
envelope. Provide one No. 4 bar in each corner, 3 inches from the edge of 
the envelope. Secure corner bars with two No. 3 ties, spaced approximately 
one foot apart. Restrain reinforcing assembly from moving during concrete 
pouring.

3.6.10   Removal of Ducts

Where duct lines are removed from existing underground structures, close 
the openings to waterproof the structure. Chip out the wall opening to 
provide a key for the new section of wall.

3.7   CABLE PULLING

Test existing duct lines with a mandrel and thoroughly swab out to remove 
foreign material before pulling cables. Pull cables down grade with the 
feed-in point at the manhole or buildings of the highest elevation. Use 
flexible cable feeds to convey cables through manhole opening and into duct 
runs. Do not exceed the specified cable bending radii when installing cable 
under any conditions, including turnups into switches, transformers, 
switchgear, switchboards, and other enclosures. Cable with tape shield 
shall have a bending radius not less than 12 times the overall diameter of 
the completed cable. If basket-grip type cable-pulling devices are used to 
pull cable in place, cut off the section of cable under the grip before 
splicing and terminating.

3.7.1   Cable Lubricants

Use lubricants that are specifically recommended by the cable manufacturer 
for assisting in pulling jacketed cables.

3.8   CABLES IN UNDERGROUND STRUCTURES

Do not install cables utilizing the shortest path between penetrations, but 
route along those walls providing the longest route and the maximum spare 
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cable lengths. Form cables to closely parallel walls, not to interfere with 
duct entrances, and support on brackets and cable insulators. Support cable 
splices in underground structures by racks on each side of the splice.  
Locate splices to prevent cyclic bending in the spliced sheath. Install 
cables at middle and bottom of cable racks, leaving top space open for 
future cables, except as otherwise indicated for existing installations.  
Provide one spare three-insulator rack arm for each cable rack in each 
underground structure.

3.8.1   Cable Tag Installation

Install cable tags in each manhole as specified, including each splice.  
Tag wire and cable provided by this contract. Install cable tags over the 
fireproofing, if any, and locate the tags so that they are clearly visible 
without disturbing any cabling or wiring in the manholes.

3.9   CONDUCTORS INSTALLED IN PARALLEL

Conductors shall be grouped such that each conduit of a parallel run 
contains 1 Phase A conductor, 1 Phase B conductor, 1 Phase C conductor, and 
1 neutral conductor.

3.10   LOW VOLTAGE CABLE SPLICING AND TERMINATING

Make terminations and splices with materials and methods as indicated or 
specified herein and as designated by the written instructions of the 
manufacturer. Do not allow the cables to be moved until after the splicing 
material has completely set. Make splices in underground distribution 
systems only in accessible locations such as manholes,handholes, or 
aboveground termination cabinets.

3.11   MEDIUM VOLTAGE CABLE TERMINATIONS

Make terminations in accordance with the written instruction of the  
termination kit manufacturer.

3.12   MEDIUM VOLTAGE CABLE JOINTS

Provide power cable joints (splices) suitable for continuous immersion in 
water. Make joints only in accessible locations in manholes or handholes by 
using materials and methods in accordance with the written instructions of 
the joint kit manufacturer.

3.12.1   Joints in Shielded Cables

Cover the joined area with metallic tape, or material like the original 
cable shield and connect it to the cable shield on each side of the splice. 
Provide a bare copper ground connection brought out in a watertight manner 
and grounded to the manhole grounding loop as part of the splice 
installation. Ground conductors, connections, and rods shall be as 
specified elsewhere in this section. Wire shall be trained to the sides of 
the enclosure to prevent interference with the working area.

3.13   CABLE END CAPS

Cable ends shall be sealed at all times with coated heat shrinkable end 
caps. Cables ends shall be sealed when the cable is delivered to the job 
site, while the cable is stored and during installation of the cable. The 
caps shall remain in place until the cable is spliced or terminated.  
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Sealing compounds and tape are not acceptable substitutes for heat 
shrinkable end caps. Cable which is not sealed in the specified manner at 
all times will be rejected.

3.14   FIREPROOFING OF CABLES IN UNDERGROUND STRUCTURES

Fireproof (arc proof) wire and cables which will carry current at 2200 
volts or more in underground structures.

3.14.1   Fireproofing Tape

Tightly wrap strips of fireproofing tape around each cable spirally in 
half-lapped wrapping. Install tape in accordance with manufacturer's 
instructions.

3.15   GROUNDING SYSTEMS

Provide grounding system as indicated, in accordance with NFPA 70 and 
IEEE C2, and as specified herein.

Noncurrent-carrying metallic parts associated with electrical equipment 
shall have a maximum resistance to solid earth ground not exceeding the 
following values:

Pad-mounted transformers without
protective fences                                        5 ohms

Ground in manholes                                       5 ohms

Grounding other metal enclosures of
primary voltage electrical and
electrically-operated equipment                          5 ohms

3.15.1   Grounding Electrodes

Provide cone pointed driven ground rods driven full depth plus 6 inches, 
installed to provide an earth ground of the appropriate value for the 
particular equipment being grounded. If the specified ground resistance is 
not met, an additional ground rod shall be provided in accordance with the 
requirements of NFPA 70 (placed not less than 6 feet from the first rod).  
Should the resultant (combined) resistance exceed the specified resistance, 
measured not less than 48 hours after rainfall, the Contracting Officer 
shall be notified immediately.

3.15.2   Grounding Connections

Make grounding connections which are buried or otherwise normally 
inaccessible, by exothermic weld or compression connector.

a.  Make exothermic welds strictly in accordance with the weld 
manufacturer's written recommendations. Welds which are "puffed 
up" or which show convex surfaces indicating improper cleaning are 
not acceptable. Mechanical connectors are not required at 
exothermic welds.

b.  Make compression connections using a hydraulic compression tool to 
provide the correct circumferential pressure. Tools and dies shall 
be as recommended by the manufacturer. An embossing die code or 
other standard method shall provide visible indication that a 
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connector has been adequately compressed on the ground wire.

3.15.3   Grounding Conductors

Provide bare grounding conductors, except where installed in conduit with 
associated phase conductors. Ground cable sheaths, cable shields, conduit, 
and equipment with No. 6 AWG. Ground other noncurrent-carrying metal parts 
and equipment frames of metal-enclosed equipment. Ground metallic frames 
and covers of handholes and pull boxes with a braided, copper ground strap 
with equivalent ampacity of No. 6 AWG. Provide direct connections to the 
grounding conductor with 600 v insulated, full-size conductor for each 
grounded neutral of each feeder circuit, which is spliced within the 
manhole.

3.15.4   Ground Cable Crossing Expansion Joints

Protect ground cables crossing expansion joints or similar separations in 
structures and pavements by use of approved devices or methods of 
installation which provide the necessary slack in the cable across the 
joint to permit movement. Use stranded or other approved flexible copper 
cable across such separations.

3.15.5   Manhole Grounding

Loop a 4/0 AWG grounding conductor around the interior perimeter, 
approximately 12 inches above finished floor. Secure the conductor to the 
manhole walls at intervals not exceeding 36 inches. Connect the conductor 
to the manhole grounding electrode with 4/0 AWG conductor. Connect all 
incoming 4/0 grounding conductors to the ground loop adjacent to the point 
of entry into the manhole. Bond the ground loop to all cable shields, metal 
cable racks, and other metal equipment with a minimum 6 AWG conductor.

3.15.6   Substation Fence Grounding

Fences shall be grounded with a ground rod at each fixed gate post and at 
each corner post. Drive ground rods until the top is 12 inches below grade. 
Attach a No. 4 AWG copper conductor, by exothermic weld to the ground rods 
and extend underground to the immediate vicinity of fence post. Lace the 
conductor vertically into 12 inches of fence mesh and fasten by two 
approved bronze compression fittings, one to bond wire to post and the 
other to bond wire to fence. Each gate section shall be bonded to its 
gatepost by a 1/8 by one inch flexible braided copper strap and ground post 
clamps. Clamps shall be of the anti-electrolysis type.

3.16   EXCAVATING, BACKFILLING, AND COMPACTING

Provide in accordance with NFPA 70 and Section 31 23 00.00 20 EXCAVATION 
AND FILL.

3.16.1   Reconditioning of Surfaces

3.16.1.1   Unpaved Surfaces

Restore to their original elevation and condition unpaved surfaces 
disturbed during installation of duct. Preserve sod and topsoil removed 
during excavation and reinstall after backfilling is completed. Replace sod 
that is damaged by sod of quality equal to that removed. When the surface 
is disturbed in a newly seeded area, re-seed the restored surface with the 
same quantity and formula of seed as that used in the original seeding, and 
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provide topsoiling, fertilizing, liming, seeding, sodding, sprigging, or 
mulching.

3.16.1.2   Paving Repairs

Where trenches, pits, or other excavations are made in existing roadways 
and other areas of pavement where surface treatment of any kind exists, 
restore such surface treatment or pavement the same thickness and in the 
same kind as previously existed, except as otherwise specified, and to 
match and tie into the adjacent and surrounding existing surfaces.

3.17   CAST-IN-PLACE CONCRETE

Provide concrete in accordance with Section 03 30 00 CAST-IN-PLACE CONCRETE.

3.17.1   Concrete Slabs for Equipment

Unless otherwise indicated, the slab shall be at least 8 inches thick, 
reinforced with a 6 by 6 - W2.9 by W2.9 mesh, placed uniformly 4 inches 
from the top of the slab. Slab shall be placed on a 6 inch thick, 
well-compacted gravel base. Top of concrete slab shall be approximately 4 
inches above finished grade with gradual slope for drainage. Edges above 
grade shall have 1/2 inch chamfer. Slab shall be of adequate size to 
project at least 8 inches beyond the equipment.

Stub up conduits, with bushings, 2 inches into cable wells in the concrete 
pad. Coordinate dimensions of cable wells with transformer cable training 
areas.

3.17.2   Sealing

When the installation is complete, the Contractor shall seal all conduit 
and other entries into the equipment enclosure with an approved sealing 
compound. Seals shall be of sufficient strength and durability to protect 
all energized live parts of the equipment from rodents, insects, or other 
foreign matter.

3.18   FIELD QUALITY CONTROL

3.18.1   Performance of Field Acceptance Checks and Tests

Perform in accordance with the manufacturer's recommendations, and include 
the following visual and mechanical inspections and electrical tests, 
performed in accordance with NETA ATS.

3.18.1.1   Medium Voltage Cables

Perform tests after installation of cable, splices, and terminators and 
before terminating to equipment or splicing to existing circuits.

a.  Visual and Mechanical Inspection

(1)  Inspect exposed cable sections for physical damage.

(2)  Verify that cable is supplied and connected in accordance 
with contract plans and specifications.

(3)  Inspect for proper shield grounding, cable support, and cable 
termination.
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(4)  Verify that cable bends are not less than ICEA or 
manufacturer's minimum allowable bending radius.

(5)  Inspect for proper fireproofing.

(6)  Visually inspect jacket and insulation condition.

(7)  Inspect for proper phase identification and arrangement.

b.  Electrical Tests

(1)  Perform a shield continuity test on each power cable by 
ohmmeter method. Record ohmic value, resistance values in excess 
of 10 ohms per 1000 feet of cable must be investigated and 
justified.

(2) Perform acceptance test on new cables before the new cables 
are connected to existing cables and placed into service, 
including terminations and joints. Perform maintenance test on 
complete cable system after the new cables are connected to 
existing cables and placed into service, including existing cable, 
terminations, and joints. Tests shall be very low frequency (VLF) 
alternating voltage withstand tests in accordance with 
IEEE Std 400.2. VLF test frequency shall be 0.05 Hz minimum for a 
duration of 60 minutes using a sinusoidal waveform. Test voltages 
shall be as follows:

CABLE RATING AC TEST VOLTAGE for ACCEPTANCE TESTING 
5  kV          10kV rms(peak) 
8  kV          13kV rms(peak) 
15 kV          20kV rms(peak) 
25 kV          31kV rms(peak) 
35 kV          44kV rms(peak) 

CABLE RATING AC TEST VOLTAGE for MAINTENANCE TESTING 
5  kV           7kV rms(peak) 
8  kV          10kV rms(peak) 
15 kV          16kV rms(peak) 
25 kV          23kV rms(peak) 
35 kV          33kV rms(peak) 

3.18.1.2   Grounding System

a.  Visual and mechanical inspection

    Inspect ground system for compliance with contract plans and 
specifications.

b.  Electrical tests

    Perform ground-impedance measurements utilizing the 
fall-of-potential method in accordance with IEEE Std 81. On 
systems consisting of interconnected ground rods, perform tests 
after interconnections are complete. On systems consisting of a 
single ground rod perform tests before any wire is connected. Take 
measurements in normally dry weather, not less than 48 hours after 
rainfall. Use a portable megohmmeter tester in accordance with 
manufacturer's instructions to test each ground or group of 
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grounds. The instrument shall be equipped with a meter reading 
directly in ohms or fractions thereof to indicate the ground value 
of the ground rod or grounding systems under test.

3.18.2   Follow-Up Verification

Upon completion of acceptance checks and tests, the Contractor shall show 
by demonstration in service that circuits and devices are in good operating 
condition and properly performing the intended function. As an exception to 
requirements stated elsewhere in the contract, the Contracting Officer 
shall be given 5 working days advance notice of the dates and times of 
checking and testing.

     -- End of Section --
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SECTION 41 23 23

VERTICAL RECIPROCATING CONVEYORS (HYDRAULIC, STRADDLE)
04/08

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced. The publications are referred to within the text by the 
basic designation only.

AMERICAN WELDING SOCIETY (AWS)

AWS D1.1/D1.1M (2010) Structural Welding Code - Steel

1.2   SYSTEM DESCRIPTION

  Furnish and install Vertical Reciprocating Conveyor

1.   Type of Vertical Conveyor, Hydraulic Straddle V.R.C. Vertical 
travel up to mezzanine level. Capacity up to 4,000 lbs. Two level 
operation only. Carriage size per plans.

1.2.1   Design Data: Structural Design Calculations

Submit structural design calculations verifying the size of structural 
members, structural supports (fittings, rods, brackets, and components), 
and lifting beams for the track beam system. Include stress and loading 
diagrams. Submit calculations with conveyor drawings.  Submit additional 
product data for commercially procured items, including as a minimum, the 
following items:

Hydraulic lifting system
Bi-panel vertical
Gate assembly

1.2.2   Design Requirements

Submit shop drawings showing conveyor capacity, and the general arrangement 
of the conveyor system, including controls, carriage and gates, clearances, 
principal dimensions, details of structural connections, and all component 
details. Include complete schematic wiring diagram with description of 
operation. Manufacturer's catalog data will suffice for items of standard 
manufacturer.

1.2.2.1   Track Welding

Welding new sections of conveyor track to existing shall conform to 
AWS D1.1/D1.1M.

1.2.2.2   Trade Coordination

The Contractor is responsible for the coordination of his work with the 
work of all trades involved and as it relates to the building structure.  
Verify all building dimensions that relate to fabrication of the conveyor 
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system, and notify the Contracting Officer of any discrepancy prior to 
ordering the monorail.

1.2.2.3   References

A.   ANSI/ASME B20.1 - 9Current Addition) safety standard for 
conveyor and related equipment.
B.   NEC - (Current Addition) National Electric Code.
C.   ASTM A36 - Structural Steel
D.   ASTM A325 - High strength bolts for structural steel joints.
E.   AWS D1.1 - Structural Welding Code

1.3   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for Contractor Quality Control 
approval. Submit the following in accordance with Section 01 33 00 
SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Vertical reciprocating conveyor system, including attachments to 
existing building structure; G
Complete schematic wiring diagram with description of operation

SD-03 Product Data

Carriage; G
Lift structure; G
Hydraulic lifting system; G
Safety guarding; G
Call stations; G
Bi-panel vertical gate; G

Manufacturer's descriptive data and technical literature, 
performance charts and curves, catalog cuts, and installation 
instructions, and parts list.

SD-05 Design Data

Structural Design calculations; G
Structural and Load Capacity calculations; G

Load and sizing calculations as specified.

SD-10 Operation and Maintenance Data

Conveyor with hoist system, all components, Data Package 3; G

Submit Data Package 3 as specified in Section 01 78 23 OPERATION 
AND MAINTENANCE DATA.

1.4   QUALITY ASSURANCE

1.4.1   CQuality Assurance

A.   Equipment should be designed, installed and guarded in 
accordance with References 1.2.2.3.
B.   Code Compliance:  Manufacturer guarantees that should this 
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equipment not be able to be used due to applicable Federal, State 
or Local Codes, the equipment will be removed and all money paid 
refunded, inluding freight and installation.
C.   Installer:  Company specializing in performing the work of 
this section and approved by the VRC equipment manufacturer.

1.4.2   Pre-Erection Inspection

Before erection, the Contractor and the manufacturer's representative shall 
jointly inspect the monorail and hoist systems and components at the job 
site to determine compliance with specifications and manufacturer's data 
and shop drawings as approved. Notify the Contracting Officer days before 
the inspection.

1.5   DELIVERY, STORAGE, AND HANDLING

1.5.1   Delivery and Storage

Inspect materials delivered to site for damage; unload and store with 
minimum handling. Store materials on-site in enclosures or under protective 
coverings. Protect materials not suitable for outdoor storage to prevent 
damage or corrosion during periods of inclement weather, including 
subfreezing temperatures, precipitation, and high winds. Store materials 
susceptible to deterioration by direct sunlight under cover and avoid 
damage due to high temperatures. Do not store materials directly on ground. 
When special precautions are required, prominently and legibly stencil 
instructions for such precautions on outside of equipment or its crating.

1.5.2   Handling

Handle materials in such a manner as to ensure delivery to final location 
in undamaged condition. Make repairs to damaged materials at no cost to 
Government.

1.6   MAINTENANCE

Submit conveyor with hoist system, all components, Data Package 3 for the 
entire monorail system in accordance with Section 01 78 23 OPERATION AND 
MAINTENANCE DATA.

PART 2   PRODUCTS

2.1   IDENTIFICATION PLATES

Provide manufacturer installed identification plates of non-corrosive metal 
showing, in clearly legible permanent lettering, the manufacturer's name, 
model number, capacity rating in pounds, and other essential information.  

2.2   VERTICAL RECIPROCATING CONVEYORS HYDRAULIC, STRADDLE TYPE

2.2.1   APPLICATION DATA

A.   Lifting capacity, 4000 pounds.
B.   Carriage size 8'-0" wide by 8'-0" long. The carriage will 
have a steel deck plate with railings on non-operating sides and 
safety chains on operating ends. The carriage shall be guided 
between at least two structural steel members, each a minimum of 
6" in width and suitability designed.
C.   Lifting speed,  20FPM (nominal).
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D.   Vertical rise 14 ft., 0 in.
                
Raising and lowering of the carriage shall be provided by two cylinders 
suitability mounted on the unit. Transmission of the lifting force shall be 
through wire rope attached to the cylinders and the carriage in a manner 
that produces a 4:1 ratio of carriage movement to cylinder stroke. Sheave 
diameter shall be at least 20 times the wire rope diameter.               
Upward travel of the carriage shall be limited by positive mechanical stops 
assuring positive leveling with the upper level.

  Redundant overload protection shall be provided which shall positively 
prevent raising of the carriage if loaded to more than 105% of rated 
capacity.

  Electrical control will be provided for each level. All circuits are 24V 
via step-down transformer (unless otherwise specified).

E.   Uncontrolled descent shall be protected against by dual 
safety cams attached to lifting cables.
F.   Guarding on all sides of the VRC shall be by safety 
enclosures a minimum of 8' high, consisting of material which will 
reject a ball 3/4" in diameter. Access for loading and unloading 
shall be by gates which are electrically and mechanically 
interlocked with carriage movement. The interlock shall positively 
prevent a gate from being opened unless the carriage is at that 
level and shall also prevent carriage movement if any gate is not 
fully closed and locked.
G.   Riding the conveyor is forbidden, and signs shall be 
furnished with the unit so stating. These signs shall be posted at 
each point of access and each point of operation.
H.   Finish on the lift, gates and enclosures shall be coated with 
one coat of manufacturer's standard paint, Two-Part Polyurethane. 
Color: Wildeck Gray with Red carriage.

2.3   FABRICATION

Fabrication of materials will comply with dimensions, profiles and gauges 
(thickness) shown on the approval drawings and, if not shown, will consist 
of VRC manufacturer's standard products.

PART 3   EXECUTION

3.1   EXAMINATION

Examine the construction and service requirements of related work by others 
for compliance with specifications in this and other sections. Do not 
proceed with installtion until unsatisfactory conditions have been 
corrected.

3.2   PREPARATION

Coordination: (General Contractor/Owner) to verify approval drawings prior 
to fabrication. Any obstructions not indicated on the construction drawings 
that may affect the design of the VRC shall be reported to the manufacturer.
Installation:

A.   Erection of the VRC and accessories shall be in accordance 
with the specifications, instructions contained in the erection 
manual and approved drawings.
B.   Installer to provide manufacturer's "Installation Operation 
and Maintenance Manual" to the end user upon completion of his 
scope of work.
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3.3   CLEANING

Clean up all unsused materials and debris caused by the work of this 
section, keeping the premises clean and neat at all times.

3.4   FIELD QUALITY CONTROL

3.4.1   Post-Erection Inspection

After erection, the Contractor, the Contracting Officer, and a 
representative of the activity maintaining organization, shall jointly 
inspect the conveyor system to determine compliance with specifications and 
approved submittals. Notify the Contracting Officer 14 days before the 
inspection. A list of deficient items, including a determination of 
criticality will be provided to the Contractor for corrective action. 
Outstanding items shall be noted for correction during the inspection. 
Items considered critical (load bearing, load controlling, or operational 
safety devices) shall be corrected prior to further testing. Upon 
correction, provide a report of the inspection indicating the monorail 
system is considered ready for operational tests.

3.4.2   Operational Tests

After erection and inspection, test the conveyor system, hoist and trolley 
as specified herein. Test the systems in service to determine that each 
component of the system operates as specified, is properly installed and 
adjusted, and is free from defects in material, manufacturing, 
installation, and workmanship. Rectify all deficiencies disclosed by 
testing and retest the system or component to prove the monorail system is 
operational.

        -- End of Section --
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SECTION 44 40 10

WATER REUSE SYSTEM
10/07

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced. The publications are referred to within the text by the 
basic designation only.

AMERICAN PETROLEUM INSTITUTE (API)

API Spec 6D (2008; Errata 2008; Errata 2008; Errata 
2009; Addendum 2009; Errata 2010) 
Specification for Pipeline Valves

AMERICAN WATER WORKS ASSOCIATION (AWWA)

AWWA C900 (2007; Errata 2008) Polyvinyl Chloride 
(PVC) Pressure Pipe, and Fabricated 
Fittings, 4 In. Through 12 In. (100 mm 
Through 300 mm), for Water Distribution

AMERICAN WELDING SOCIETY (AWS)

AWS D1.1/D1.1M (2010) Structural Welding Code - Steel

ASME INTERNATIONAL (ASME)

ASME B31.1 (2007; Addenda a 2008; Addenda b 2009) 
Power Piping

ASME BPVC SEC IX (2010) BPVC Section IX-Welding and Brazing 
Qualifications

ASTM INTERNATIONAL (ASTM)

ASTM A 307 (2007b) Standard Specification for Carbon 
Steel Bolts and Studs, 60 000 PSI Tensile 
Strength

ASTM D 1785 (2006) Standard Specification for 
Poly(Vinyl Chloride) (PVC), Plastic Pipe, 
Schedules 40, 80, and 120

ASTM D 2241 (2009) Standard Specification for 
Poly(Vinyl Chloride) (PVC) Pressure-Rated 
Pipe (SDR Series)

ASTM D 2564 (2004; R 2009e1) Standard Specification 
for Solvent Cements for Poly(Vinyl 
Chloride) (PVC) Plastic Piping Systems

ASTM D 3139 (1998; R 2005) Joints for Plastic Pressure 
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Pipes Using Flexible Elastomeric Seals

ASTM D 3308 (2006) PTFE Resin Skived Tape

ASTM F 477 (2008) Standard Specification for 
Elastomeric Seals (Gaskets) for Joining 
Plastic Pipe

MANUFACTURERS STANDARDIZATION SOCIETY OF THE VALVE AND FITTINGS 
INDUSTRY (MSS)

MSS SP-58 (2009) Pipe Hangers and Supports - 
Materials, Design and Manufacture, 
Selection, Application, and Installation

MSS SP-69 (2003) Pipe Hangers and Supports - 
Selection and Application (ANSI Approved 
American National Standard)

MSS SP-70 (2006) Gray Iron Gate Valves, Flanged and 
Threaded Ends

MSS SP-78 (2005a) Cast Iron Plug Valves, Flanged and 
Threaded Ends

MSS SP-80 (2008) Bronze Gate, Globe, Angle and Check 
Valves

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA ICS 1 (2000; R 2005; R 2008) Standard for 
Industrial Control and Systems: General 
Requirements

NEMA MG 1 (2009) Motors and Generators

THE SOCIETY FOR PROTECTIVE COATINGS (SSPC)

SSPC SP 10/NACE No. 2 (2007) Near-White Blast Cleaning

1.2   SYSTEM DESCRIPTION

1.2.1   SUMMARY

This Section includes water reuse systems for:

a.   rain water
b.   gray water

1.2.1.1   DEFINITIONS

a.   Definitions pertaining to sustainable development: As defined in 
ASTM E2114 and as specified herein.

b.   Definitions pertaining to water reuse: As defined in ASTM E2635 
and as specified herein.

c.   Black water: untreated wastewater from urinals and water closets.
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d.   Gray water: untreated wastewater from bathtubs, showers, bathroom 
wash basins, clothes washing machines, and luandry tubs. It may also 
include condensation pan water from refrigeration equipment and 
air-conditioners, hot tub drain water, pond and fountain drain water, 
and cistern drain water.

e.   Reclaimed water: Water that is used more than one time before it 
passes back into the natural water cycle. Reclaimed water is considered 
nonpotable but may be highly treated and used for approved purposes 
other than drinking water.

f.   Recycled water: See reclaimed water.

g.   Water reuse: cycling water one or more times for beneficial use as 
reclaimed water.

1.3   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for Contractor Quality Control 
approval. The following shall be submitted in accordance with Section 
01 33 00 SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Equipment Installation; G

Drawings containing complete wiring and schematic diagrams and any 
other details required to demonstrate that the system has been 
coordinated and will properly function as a unit. Show on the 
Drawings proposed layout and anchorage of equipment and 
appurtenances, and equipment relationship to other parts of the 
work including clearances for maintenance and operation.

SD-03 Product Data

Water Effeciency

Indicate water reuse rates in gallons per day (gpd) per unit for 
the following:

               1.   In situ water reclamation

Water Budget

Submit water budget statement; include calculations used in 
development of water budget. Indicate how approved water budget 
increases water effeciency over baseline; and, indicate how water 
reuse system(s) complies with approved water budget. 

               1.   Baseline: Calculate baseline water budget using occupancy 
rate and EPAct 1992 standards for water fixtures.

SD-06 Test Reports

Testing

Performance test reports in booklet form showing all field tests 
performed to adjust each component and all field tests performed 
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to prove compliance with the specified performance criteria, upon 
completion and testing of the installed system. Each test report 
shall indicate the final position of controls.

SD-10 Operation and Maintenance Data

Treatment Plant Installation; G

Six copies of operation and six copies of maintenance manuals for 
the equipment furnished. One complete set prior to performance 
testing and the remainder upon acceptance. Operation manuals shall 
detail the step-by-step procedures required for system startup, 
operation, and shutdown. Operation manuals shall include the 
manufacturer's name, model number, parts list, and brief 
description of all equipment and their basic operating features.  
Maintenance manuals shall list routine maintenance procedures, 
possible breakdowns and repairs, and troubleshooting guides.  
Maintenance manuals shall include piping and equipment layout and 
simplified wiring and control diagrams of the system as installed. 
Manuals shall be approved prior to the field training course.

1.4   QUALIFICATIONS

Procedures and welders shall be qualified in accordance with the code under 
which the welding is specified to be accomplished.

1.5   DELIVERY, STORAGE, AND HANDLING

Protect all equipment delivered and placed in storage from the weather, 
excessive humidity, excessive temperature variation, and dirt, dust, or 
other contaminants.

1.6   QUALITY ASSURANCE

a.   Regulatory Requirements: Conform to the International Plumbing 
Code and applicable codes, rules, and regulations.

b.   Designer/Installer Qualifications: For work of this Section, 
engage an experienced licensed plumbing contractor who has specialized 
in systems similar to those required for this Project and with a record 
of successful in-service performance. Contractor shall:

               1.   Have a minimum 3 years experience designing, 
constructing, and installing water reuse system similar to requirements 
for this Project.

c.   Pre-Installation Meetings:

               1.   Convene a pre-installation meeting minimum one week prior 
to commencing work of this Section.

               2.   Require attendance of parties directly affecting Work of 
this Section.

                     a.   Coordinate with installtion of plumbing fixtures, 
equipment, and piping.

                     b.   Coordinate with rainwater harvesting system.
                     c.   Coordinate with municipal supplier.
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               3.   Review conditions of operations, procedures and 
coordination with related Work.

               4.   Agenda

                     a.   Tour, inspect, and discuss conditions of work.
                     b.   Review installation schedule
                     c.   Review required permits and inspections.
                     d.   Review monitoring and maintenance.
                     e.   Review environmental procedures.

   d.   Operation and Maintenance Manuals Submittals:

             1.   Instruction indicating procedures for routine operation and 
maintenance of water reuse system(s) as appropriate to:

                     a.   municipal-supplied reclaimed water
                     b.   in situ water reclamation utilizing:

                              1.   rain water
                              2.   gray water
                              3.   black water
            
             2.   Instructions indicating procedures for normal and peak 

loading conditions, and periods of shutdown.
   
                     a.   Peak loading conditions shall include peak 

hydraulic loading and pollutant loading conditions.
                     b.   Period of shutdown shall include power failures, 

equipment failure, and normal maintenance shutdowns.

            3.   Instructions indicating procedures for emergency response in 
the event of a failure of the system.

1.7   Monitoring and Maintenance

Provide regular maintenance for minimum one year from date of substatial 
completion.

1.   Monitor system daily to asses performance.

                     a.   Verify components are adjusted and functioning 
properly.

                     b.   Verify water quality is satisfactory for intended 
use. If in situ water reuse systems are used, monitor and test water 
quality in accordance with ASTM E2635.

                     c.   Verify water reuse rate is consistent with water 
budget.

2.   Make minor adjustments, if any, as necessary.

3.   Document system performance including:

                     a.   Rate and amount of water reuse.
                     b.   Quality of reclaimed water. If in situ water reuse 

systems are used, document quality of reclaim water before and after 
treatment.

                     c.   Adjustments, if any, to system.
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4.   Provide recommendations for improvement to the system.

PART 2   PRODUCTS

2.1   WATER REUSE SYSTEM

2.1.1   General

Provide system designed with easy access for effective monitoring program 
and for effective maintenance and process control program.

Provide dual distribution systems to prevent cross-connections of reclaimed 
water and potable water lines and the misuse of reclaimed water.

a.   Marking: Clearly mark distribution piping and use lavander 
(light purple) pipes to distinguish it from potable water. Provide 
piping certified and labeled "NSF-rw" in accordance with NSF Pipe 
Certification for Reclaimed Water End Use protocols.

Provide backflow prevention devices on reclaimed water lines to preclude 
the likelihood of incidental human misuse.

2.1.2   In situ Water Reclamation

Comply with requirements os ASTM E2635 and as follows:

1.   Water reclamation system shall be designed and implemented to 
provide for reliability and redundancy. System design shall take 
into account operations and treatment during normal and peak 
loading conditions, and periods of shutdown.

2.   Source water: Water captured from one or more of the 
following:

                     a.   rain water
                     b.   gray water

2.2   MATERIALS

Materials shall conform to the following requirements:

2.2.1   Polyvinyl Chloride (PVC) Pipe and Fittings

PVC pipe and fittings less than 4-inch diameter shall be in accordance with 
ASTM D 1785 or ASTM D 2241. PVC pipe and fittings 4 inch in diameter and 
larger shall be in accordance with ASTM D 2241 or AWWA C900 and shall have 
push-on joints.

2.2.1.1   Push-On Joints

Push-on joints shall conform to ASTM D 3139 or ASTM F 477.

2.2.1.2   Solvent Cement

Solvent cement shall conform to ASTM D 2564.

2.2.2   Pipe Hangers and Supports

Pipe hangers and supports shall conform to MSS SP-58 and MSS SP-69.
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2.2.3   Valves

2.2.3.1   Angle, Check, and Globe Valves

Angle, check and globe valves shall conform to MSS SP-80, Type 3 Globe and 
Angle, Types 3 and 4 Check.

2.2.3.2   Gate Valves

Gate valves shall conform to MSS SP-80, Type 1, Class 150 or MSS SP-70, 
Type I, Class 125 Bronze Trim.

2.2.3.3   Plug Valves

Bronze plug valves shall conform to MSS SP-78. Iron plug valves shall 
conform to API Spec 6D.

2.2.4   Joint Compound

Joint compound for screwed joints shall be a stiff mixture of graphite and 
oil, inert filler and oil, or a graphite compound.

2.2.5   Joint Tape

Joint tape for screw joints shall conform to ASTM D 3308.

2.2.6   Bolts and Nuts

Bolts and nuts shall conform to ASTM A 307, Grade B.

2.3   EQUIPMENT

Equipment shall conform to the following requirements:

2.3.1   Electric Motors

Electric motors shall conform to NEMA MG 1.

2.3.2   Motor Controls

Motor Controls shall conform to NEMA ICS 1.

2.3.3   Protection from Moving Parts

All belts, chains, couplings, and other moving parts shall be completely 
enclosed by guards to prevent accidental personal injury. Guards shall be 
removable or so arranged as to allow access to the equipment for 
maintenance. If equipment is housed in a lockable enclosure, this shall be 
sufficient protection and no additional guards are necessary.

2.4   AIR-DIFFUSION EQUIPMENT

2.4.1   Piping and Valves

Piping shall be Schedule 80 PVC. Isolation-control valves shall be gate 
valves. A minimum of three separate air-diffusion headers per tank shall be 
provided. Headers shall be independently valved and supported and shall be 
capable of being independently removed from service without the use of a 
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crane or hoist and without dewatering of the tank.

PART 3   EXECUTION

3.1   EXAMINATION

After becoming familiar with all details of the work, verify all dimensions 
in the field, and advise the Contracting Officer of any discrepancy before 
performing the work.

3.2   FIELD QUALITY CONTROL

Water: Coordinate with work specified in Environmental Management to 
provide water monitoring for surface and groundwater.

Field Inspection: Verify installation conforms with approved system design 
and applicable codes, rules, and regulations.

1.   Confirm the reclaim water is disinfected by an approved 
method that employs one or more disinfectants such as chlorine, 
iodine, or ozone.
2.   Confirm the distribution piping and reservoirs are identified 
as containing nonpotable water.

3.3   WATER REUSE CONSTRUCTION

All work not absolutely required to be performed in the field shall be 
performed in a factory under controlled conditions. The treatment plant 
shall be fabricated from not less than 1/4-inch steel plate with welded 
joints and shall be reinforced as necessary with steel angles, tees, or 
other structural members. The units shall be designed and constructed for 
transportation, installation, and operation without detrimental buckling, 
distortion, or other defects. Tanks shall not leak when filled with water 
or sewage.

3.3.1   Pipe and Valve Installation

Piping shall be installed in a neat manner with all joints tight and with 
no undue marring of finishes. Installed piping, valves, and fittings shall 
be free from strain and excessive stresses caused by weight or misalignment.

3.3.1.1   Flanged Joints

Bolts shall be tightened uniformly to prevent overstressing flanges and 
misalignment.

3.3.1.2   Screw Joints

Screw joints shall be made tight with joint compound, applied to the male 
threads only, or joint tape.

3.3.1.3   Push-On Joints for PVC Pipe

Pipe ends shall be beveled to facilitate assembly. Pipe shall be marked to 
indicate when the pipe is fully seated. Lubricate gasket to prevent 
displacement. Exercise care to ensure that the gasket remains in proper 
position in the bell or coupling while making joint.
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3.3.1.4   Solvent-Weld Joints for PVC Pipe

Joints shall be made in accordance with the manufacturer's written 
instructions.

3.3.1.5   Valves

Valves shall be installed with the stem vertical and located for easy 
access for operation.

3.3.2   Equipment Installation

Equipment shall be installed in compliance with the manufacturer's written 
instructions.

3.3.3   Electrical Work

Electrical work shall be in accordance with the applicable requirements of 
Section 33 71 02.00 20 UNDERGROUND ELECTRICAL DISTRIBUTION.

3.4   FRAMED INSTRUCTIONS

Framed instructions containing wiring and control diagrams under glass or 
in laminated plastic shall be posted where directed. The instructions shall 
show wiring and control diagrams and complete layout of the entire system.  
The instructions shall include, in typed form, condensed operating 
instructions explaining preventive maintenance procedures, methods of 
checking the system for normal safe operation and procedures for safely 
starting and stopping the system. The framed instructions shall be posted 
before acceptance testing of the system.

3.5   TREATMENT PLANT INSTALLATION

The plant shall be installed such that proper wastewater flow through the 
plant will be achieved.

3.5.1   Preparation

Excavation, filling, and backfilling shall be in accordance with Section 
31 23 00.00 20 EXCAVATION AND FILL. A reinforced concrete foundation pad, 
of the size and design recommended by the treatment plant manufacturer, 
shall be installed in accordance with Section 03 30 00 CAST-IN-PLACE 
CONCRETE.

3.5.2   Installation

The water reuse plant and equipment shall be installed in accordance with 
the manufacturer's written instructions.

3.5.3   Testing and Adjusting

Prior to backfilling, all tanks, wet-wells, piping, valves, and 
appurtenances shall be filled and inspected for leaks in accordance with 
manufacturer's specifications. All leaks shall be repaired by removal of 
defective materials or rewelding. Use of caulking compounds is not 
permitted. Testing and repairs shall be repeated until tanks, wetwells, 
piping, valves, and appurtenances are free from leaks. As soon as 
practicable after completion, an operating test of the treatment plant and 
all equipment shall be performed to demonstrate that the plant functions 
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properly. After completion of all tests, the plant shall be adjusted for 
proper operation while on-line with the wastewater source in accordance 
with the manufacturer's written instructions. For final acceptance plant 
must perform as specified.

3.6   WELDING

3.6.1   Procedures

Piping shall be welded in accordance with qualified procedures using 
performance qualified welders and welding operators. Procedures and welders 
shall be qualified in accordance with ASME BPVC SEC IX. Welding procedures 
qualified by others, and welders and welding operators qualified by another 
employer may be accepted as permitted by ASME B31.1. The Contracting 
Officer shall be notified 24 hours in advance of tests and the tests shall 
be performed at the work site if practical. The welder or welding operator 
shall apply his assigned symbol near each weld he makes as a permanent 
record. Structural members shall be welded in accordance with AWS D1.1/D1.1M.
  

3.6.2   Testing

3.6.2.1   Correction of Defective Welds

Repair weld areas containing defects; additional tests of repaired areas 
shall be made at Contractor's expense. If 20 percent or more of welds made 
by a given welder contain defects requiring repair, 100 percent 
nondestructive inspection of that welder's work will be required at 
Contractor's expense.

3.7   PAINTING

All metal surfaces, except aluminum, bronze, brass, galvanized steel, and 
stainless steel shall be painted. Unless otherwise specified, surface 
preparation and painting may be performed in the shop or in the field.  
Manufactured items, such as motors and switchboards, shall be finished with 
the manufacturer's standard finish.

3.7.1   Preparation and Application

Ferrous metal surfaces shall be prepared in accordance with 
SSPC SP 10/NACE No. 2. Nonsubmersed surfaces shall receive 4 to 5 mils dry 
film thickness (dft) of epoxy metal primer, finished with coat of epoxy 
enamel ( 4.0 to 6.0 mils dft) plus coat of polyurethane enamel ( 1.0 to 2.0 
mils dft). Submerged surfaces shall use 2 coats of coal tar bitumastic of 8 
mils to 10 mils dft each or 2 coats of amine-cured coal tar epoxy to 14.0 
to 20.0 mils total dft.

3.7.2   Coating Testing

Coatings shall be examined for flaws and tested for thickness and holidays. 
Thickness of coatings shall be measured by a commercial film thickness 
gauge. Coatings shall be tested for pinholes, holidays, and other defects 
with an electric flaw detector equipped with an audible signal that 
operates when a pinhole is detected. The detector shall be a 90-volt wet 
sponge pinhole detector.

SECTION 44 41 13  Page 10



NASA/DFRC - FACILITIES SUPPORT CENTER, EDM-1703
FINAL SUBMITTAL

3.7.3   Coating Repair

If welding is required after application of the coating or if the coating 
is damaged in any way, repair shall consist of preparing the affected area 
in compliance with SSPC SP 10/NACE No. 2 and reapplying the coating to that 
area. If holidays are detected or film thickness is insufficient, the 
surface shall be prepared and additional coats applied in the affected area 
in compliance with the manufacturer's instructions.

3.8   MANUFACTURER'S SERVICES

Services of a manufacturer's representative who is experienced in the 
installation, adjustment, and operation of the equipment specified shall be 
provided. The representative shall supervise the installation, adjustment, 
and testing of the equipment in accordance with the manufacturer's written 
instructions.

3.9   FIELD TRAINING

A field training course shall be provided for designated operating and 
maintenance staff members. Training shall be provided for a total period of 
8 hours of normal working time and shall start after the system is 
functionally complete but prior to final acceptance tests. Field training 
shall cover all of the items contained in the operating and maintenance 
manuals.

        -- End of Section --

SECTION 44 41 13  Page 11


